Journal of
Physical and

Chemical
Reference Data

Monograph No. 5

Atlas of Surface Structures: Volume 1A (1994)
Based on the NIST Surface Structure Database (SSD)

P. R. Watson
Department of Chemistry
Oregon State University
Corvallis, Oregon 97331

M. A. Van Hove

Materials Sciences Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

K. Hermann

Abteilung Theorie
Fritz-Haber-Institut
Faradayweg 4-6
D-14195 Berlin, Germany

Major Contributors:
S. Crampin, G. Darling, P. Pinkava, A. Barbieri, J. Batteas,
A. Kaduwela, N. Materer, U. Starke, W. Weiss

Consultants:
G. A. Somorjai and J. B. Pendry

Published by the American Chemical Society
and the American Institute of Physics for
the National Institute of Standards and Technology



Copyright © 1994 by the U.S. Secretary of Commerce on behalf of the United States. This copyright will
be assigned to the American Institute of Physics and the American Chemical Society, to whom all
requests regarding reproduction should be addressed.

International Standard Book Number
1-56396-413-9

American Institute of Physics
500 Sunnyside Bouievard
Woodbury, New York 11797-2999

Printed in the United States of America



Foreword

The Journal of Physical and Chemical Reference Data is published jointly by the Amer-
ican Institute of Physics and the American Chemical Society for the National Institute of
Standards and Technology (NIST). Its objective is to provide critically evaluated physical
and chemical property data, fully documented as to the original sources and the criteria
used for evaluation. One of the principal sources of material for the journal is the NIST
Standard Reference Data Program, a program promoting the compilation and critical
evaluation of property data.

The regular issues of the Journal of Physical and Chemical Reference Data are pub-
lished bimonthly and contain compilations and critical data reviews of moderate length.
Longer works, volumes of collected tables, and other material unsuited to a periodical
format have previously been published as Supplements to the Journal. Beginning in 1989
the generic title of these works has been changed to Monograph, which reflects their
character as independent publications. This volume, *‘Atlas of Surface Structures: Volume
1A (1994)° by P.R. Watson, M.A. Van Hove, and K. Hermann is the first part of
Monograph No. 5 of the Journal of Physical and Chemical Reference Data.

Jean W. Gallagher, Editor
Journal of Physical and Chemical Reference Data
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1. Introduction
1.1. Background

Surface science has undergone explosive growth in the last
decades. Of fundamental importance has been the knowledge
of the atomic-scale geometrical surface structure. In close
analogy with three-dimensional solids, the atomic-scale struc-
ture of surfaces is the basis for many surface-related proper-
ties of materials: electronic, chemical, magnetic, mechanical,
biological, etc. Structural understanding is particularly critical
for producing novel materials with new properties.

In the early 1980s, the need to gather all solved surface
structures in a uniform database became obvious. A collabo-
ration between groups in Berkeley in the USA and in Dares-
bury (and later at Imperial College) in the UK led to the
publication in 1987 of the Surface Crystallographic Informa-
tion Service (SCIS) Handbook and Software. It made avail-
able 256 surface structures in both printed and electronic
forms.

The effort was subsequently reorganized as a collaboration
between Berkeley, Corvallis (Oregon, USA) and Berlin (Ger-
many). In Corvallis, P.R. Watson had independently started
critical evaluations of surface structures, supported by NIST,
while, in Berlin, K. Hermann was developing surface visual-
ization software, in collaboration with M.A. Van Hove at
Berkeley. By joining corresponding database software devel-
oped by Watson and visualization software written by Her-
mann to the data collection effort, now centralized in Berke-
ley, the Surface Structure Database (SSD) was created, with
partial NIST support. It was published in 1993 in an electronic
form for PCs and compatible computers. This atlas is a
printed version of SSD and contains the same information
(save for the correction of a few typographicai errors).

The number of included structures has sharply risen from
256 for SCIS to 597 for SSD and this atlas, illustrating the
vitality of surface crystallography in particular, and surface
science in general. One can estimate the present rate of pro-
duction of new structures to be one per week.

In a sense, this atlas succeeds the well-known (but now
out-of-print) ‘‘Atlas of Models of Crystal Surfaces’’ by J.F.
Nicholas, which described in considerable geometric detail
clean, unrelaxed and unreconstructed surfaces obtained by
ideal termination of the most common bulk lattices. When
Nicholas’ atlas was published, in 1965, no actual surface
structures had been solved, while we can now encompass the
very wide variety of real surface structures determined since
then, whether relaxed or reconstructed, clean or covered with
adsorbed atoms and molecules, and including adatom pene-
tration or epitaxial growth. Nicholas’ atlas used photographs
of hand-made ball models of surfaces.

This new atlas illustrates the actual surface structures, with
figures generated electronically from the experimentally-de-
termined atomic coordinates. Standard numerical output of
SSD was used, then postprocessed by the visualization tools
PLOT3D and BALSAC (written by K. Hermann) and put into
PostScript format for final printing.

1.2. Purpose of This Atlas

This atlas of surface structures is aimed at scientists and
students in physics, chemistry and materials sciences who
wish to know and compare the detailed atomic-scale struc-
tures of surfaces obtained from experiment.

This first edition attempts to cover all known surface struc-
tures since the inception of surface crystallography in the
early 1970s through the end of 1991. It provides extensive
structural information about surface structures determined
from experiment. A unified format is used to allow conve-
nient direct comparisons of related but different structures, or
of results obtained with different techniques for the same
structure. The criteria for inclusion of structures are:

a. publication in refereed journals or proceedings before
1992;

b. determination with proven techniques and analysis
methods;

¢. reasonable completeness of the structure determination;

d. complete description of the structure.

The source of the data is an extensive search of the refereed
literature in the major journals and conference proceedings,
including especially: Surface Science, Physical Review Let-
ters, Physical Review B, Journal of Physics (London), Solid
State Communications, and the Proceedings of the Interna-
tional Conferences on the Structure of Surfaces. A more com-
plete list of included journals is provided in Appendix B.

By selecting only refereed publications, a first filtering of
acceptable structures was performed. Where a structure deter-
mination was described in several publications, we have gen-
erally chosen the latest or most complete publication. A new
analysis of a given structure by the same authors or group,
using the same technique, generally implies exclusion of an
earlier result from this atlas, except where the older analysis
has historical value. Controversial structures have generally
not been included, except again for historical value: solved
structures are normally included only when a clear consensus
appears. When serious doubts exist about any included struc-
ture, an editorial comment is added to that effect. This atlas
therefore collects all atomic-scale surface structures known
with a high degree of reliability.

A multitude of techniques has been developed since the
early 1970s to determine surface structure from experiment,
especially for crystalline surfaces. These techniques employ
various probes: photons, electrons, ions, atoms, or comb-
nations thereof. Thanks to the differing characteristics of each
technique, independent studies of the same structure with
different techniques provide a powerful check on the relia-
bility of results. Many of the surface structures in this atlas
have been verified in this manner, enhancing both the reliabil-
ity of those particular structures and the reliability of the
techniques used to determine other structures. Techniques
that give only qualitative structural information are not
included, such as vibrational spectroscopies, STM and FIM
(unless coupled with theoretical simulations that give quanti-
tative determinations).

J. Phys. Chem. Ref. Data, Monograph No. 5



6 WATSON, VAN HOVE, AND HERMANN

Results obtained with a wide variety of surface structure
determination techniques have been included in the data. The
most prominent techniques and their basic principles are sum-
marized in Appendix C):

To be accepted in this atlas, structures must have been
determined with sufficient completeness. Atomic positions
must be known with respect to the substrate lattice in three
dimensions (e.g., interlayer spacing or bond length informa-
tion alone is insufficient). However, hydrogen positions in
molecules are generally unknown and omitted (they may
nonetheless be included, using guessed coordinates, and are
thus labeled). Also, the positions of impurities that stabilize
certain metastable structures are usually unknown and there-
fore omitted. It is of course understood that, in all cases, the
actual surface structure may be more complex and variable
than the idealized and average structure determined from ex-
periment.

Finally, structures included in this atlas must have been
described completely and unambiguously in the correspond-
ing publication (see also in this regard the last paragraph of
this section).

The data in this atlas include commensurate structures
(which case covers most solved structures), incommensurate
structures (formed for instance with physisorption) and disor-
dered structures of adsorbates and alloys, as well as solid/
solid interfaces.

The data in this atlas are available as an electronic database,
called Surface Structure Database (SSD), which runs on PCs
and compatible computers. SSD contains the same informa-
tion as does this atlas, and provides the following main advan-
tages:

a. targeted searches for particular structures or classes of

structures;

b. interactive color graphics, including rotations, dissec-
tions, on-screen bond length and angle measurements,
etc.;

c. option of color or gray-tone publication-quality printing
of surface views on PostScript laser printers, with many
user-selected presentation options.

The Surface Structure Database can be obtained from NIST
directly at the following address:

U.S. Department of Commerce

National Institute of Standards and Technology
Standard Reference Data Program

Building 221, Room A320

Gaithersburg, MD 20899

(301) 975-2204

This atlas, in contrast with the electronic database, offers
the advantage of quick off-the-shelf access to specific infor-
mation, without need for a computer. Thanks to carefully
selected views of surface structures, the illustrations in Vol-
ume 1B of this atlas provide a valuable source of visual
information to complement the extensive tabular data shown
in Volume 1A.

Unintentional omissions of structures and errors in our
tabulations are possible. The authors of affected structures are

J. Phys. Chem. Ref. Data, Monograph No. 5

invited to submit their structures or corrections directly to one
of the authors. Appendix A.l describes in detail the submis-
sion of surface structures for possible inclusion in future edi-
tions. The ultimate decision on inclusion rests with the data-
base authors, so prior consultation is advisable.

New and updated structures may also be submitted by their
authors for inclusion in future editions of SSD and this atlas.
See Appendix A for details.

We take this opportunity to address a plea to authors of
surface structures: It is our experience that many published
structural results are not described in a clear, accessible man-
ner. Often it is necessary to piece together the structure from
disparate sentences in various parts of a paper. It is sometimes
even difficult to find a clear statement of the type of structure
favored by the authors. We strongly suggest that structures be
summarized completely in the conclusions section of a paper
for easy access by others, e.g., as a complete set of atomic
coordinates.

1.3. How to use This Atlas

This atlas, relative to the electronic database (SSD), pro-
vides the most rapid access to specific information about
individual surface structures, via the alphabetical listing given
in Sec. 2.1. The structural tables themselves are ordered al-
phanumerically in Sec. 2.2. The accompanying illustrations
are provided in Volume 1B, using a logical categorization
scheme described in Sec. 2.1 of that volume. In this way the
reader can directly compare the illustration with the accompa-
nying numerical data.

Each individual structure is given about a page of tabular
information in Sec. 2.2. The meaning of the particular data is
generally self-explanatory, but in any case explained in great
detail in Sec. 1.4. Most structures refer to a particular illustra-
tion in Volume 1B.

Abbreviations used in the data are listed in Appendix B.

Appendix E illustrates the 17 two-dimensional space
groups, whose notations are used in the data to characterize
the surface symmetries. Likewise, Appendix F shows general
examples of many common superlattice cells and notations.

Authors of structures who wish to contribute new results to
the database should read Appendix A for instructions.

Finally, information on how to contact the database authors
is listed in Appendix G.

1.4. Information Content of This Atlas

Any given structure in the database is accompanied by
several groups of information:

GENERAL INFORMATION: identifies the structure and
the bibliographic reference that describes its determination;

SURFACE TYPE: identifies the nature of the surface, e.g.
substrate material and crystallographic plane, adsorbate na-
ture and coverage, surface pattern and symmetry;

STRUCTURE TYPE: describes the kind of structure in
words, e.g. unreconstructed or reconstructed substrate, over-
layer or underlayer adsorption, adsorption site, molecular
orientation;
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COMMENTS: gives other pertinent information;

SAMPLE PREPARATION: indicates the experimental
procedures;

DATA COLLECTION: describes measurement methods
and experimental data base used for the structural determina-
tion;

THEORY/DATA TREATMENT: indicates analysis meth-
ods of the experimental data;

STRUCTURES EXAMINED: lists those structures or
models tested against experiment;

QUALITY OF EXPERIMENT-THEORY FIT: estimates
the reliability of the structure determination;

2D UNIT CELLS: gives unit cell information for substrate
and surface or interface, including commensurate lattices,
incommensurate lattices and disordered cases;

3D COORDINATES: tabulates full atomic coordinates,
and a layer-by-layer description of the structure type,
whenever helpful;

BOND DISTANCES AND ANGLES: lists selected inter-
atomic distances and angles.

The detailed information below should be used in conjunc-
tion with the sample data sheet which is on the next page.

1.4.1. General Information

[s1] ““Common name’’.

This is a commonly used name for the structure, put in
uniform notation, e.g., Ni(100)-c(2X2)-CO. It may be non-
unique, i.e. other names may exist for this structure (e.g.,
Ni(lOO)—(\/ZX\/Z)R45°-CO), or other structures may have
the same common name (e.g., an overlayer and an underlayer
structure could have the same common name).

Note: different inequivalent structures may coexist on the
same sample at the same time; such different structures are
treated as independent structures in SSD, with separate struc-
ture classification numbers [s2].

[s2] ‘‘Classification number’’.

Each structure determination in the database has a unique
structure classification number for unambiguous identifica-
tion.

The first parts of the classification number are atomic num-
bers that indicate all chemical elements present in the struc-
ture. Thus, the classification number 28.6.8.2b implies that
this structure consists of 28 = Ni, 6 = C and 8 = O; the last
number, like 2b, labels different studies of surfaces containing
the same elements. The classification number is assigned by
the database authors.

[s3] “‘Date entered into SSD”’.
This item of information is used by the authors to update
the SSD Database and is not shown here.

[s4] ““Technique’”.

Gives the main experimental technique used to determine
the surface structure. (If other techniques were also used,
these should appear in the ‘‘Comments’’ items [s28-s32]).
See Appendix B for explanations of the abbreviations used for
techniques.

[s5] ‘‘Authors”’.

Authors of the primary publication (if additional publica-
tions should be mentioned which describe the same analysis,
they are included in the ‘‘Comments’” items [s28-532]).

[s6] ‘‘Journal’’.
Journal name of the primary publication. See Appendix B
for abbreviations used for journal names.

[s7] ““Volume’’.
Journal volume of the primary publication.

[s8] “‘Page’.
Journal page of the primary publication.

[s9] ““Year’.
Journal year of the primary publication.

1.4.2. Surface Type

[s10] ““Substrate’’.
Chemical formula of the substrate, e.g., Ni, GaAs, TiO,.

[s11] “*Bulk lattice’’.
Gives the 3D bulk substrate lattice: could be fcc, bee, hep,
sc, diamond, zincblende, wurtzite, NaCl, CsCl, etc.

[s12] *‘Crystal face’’.

Gives the Miller (hkl) or Bravais-Miller (hkil) indices of
the substrate surface. Commas are used to separate more
complex indices, e.g., (12,1,1), (1,0,-1,0), but are omitted
otherwise, e.g., (110).

[s13-14] ““2D bulk symm’’ and ‘2D surf symm’’.

Gives the 2D symmetry of the ideally terminated substrate
and of one domain of the actual surface, respectively. This can
be any of the 17 2D space groups in the following list. (See
the illustrations in Appendix E for definitions of these space
groups). Only the short notation is used, e.g., p4m instead of
p4mm.

pl

p2 (= p211)

pm (= plml)

pg (= plgl)

cm (= clml)

pmm (= p2mm)

pmg (= p2mg)

pgg (= p2gg)

cmm (= ¢2mm)

p4

p4m (= p4mm)

p4g (= p4gm)

p3

p3ml

p3lm

p6

pbm (= pbmm)

none (for disordered surface structures).

J. Phys. Chem. Ref. Data, Monograph No. 5



8 WATSON, VAN HOVE, AND HERMANN

COMMON NAME : Ni(100)-c(2x2)-C0 [s1) ILLUSTRATION: 71
CLASSIFICATION : 28.6.8.11 [s2]

TECHNIQUE : LEED [s4]

AUTHORS : K. Heinz, E. Lang and K. Mueller [s5]

REFERENCE : Surf. Sci., 87, 595 (1979 [s6-91

SURFACE TYPE STRUCTYRE TYPE ([s23-271

Substrate : Ni [s10]  Adsorbate: CO [s15] Molecular on-top adsorption, C bonding to Ni

Crystal face: 100 {s12] Coverage : 1/2 CO/Ni [s16])
Temperature : 100 K [s22] Pattern : c(2x2) [s171
Bulk lattice: fcc [s11] Matrix : ( 1.000, 1.000)

20 bulk symm: p4ém  (s13] (-1.000, 1.000)

2D surf symm: p4am  [s14] {s18-21]

SAMPLE PREPARATION (¢ 1 sample) (t1l COMMENTS (s28-321

Treatment : CO exposure 1E-5Pa x 50sec [t2] Spectra were taken within 16 sec after termination of

Crystallinity: LEED intensities match published datal[t3] adsorption process
Anal. methods: [t4]
Contamination: AES: very little C on clean surface [t5]

DATA COLLECTION THEORY/DATA TREATMENT [t9-10]
Technique: LEED [s4,t6] Comparison with earlier dynamical LEED I-V spectra by Pendry
Dataset : [-V spectra: (1,1) (1,0) (1/2,1/2) beams

at normal incidence (0,0) beam at

©=4°,¢=0°; E range 30-400 eV [t7-8]

STRUCTURES EXAMINED [t11-15]
Linearly bonded CO perpendicular to surface; variation of C-0 bond length: 0.9-1.24 in steps of 0.054;
variation of Ni-C bond length: 1.7, 1.8, 1.94; bulk interlayer spacings assumed in metal

QUALITY OF EXPERIMENT-THEQORY FIY
RZJ=0.19 [t16]

2D UNIT CELLS ( 1 domain observed) [2d6]

Cell Ax (R) Ay (R) BXx (A) By (R) a (°) Matrix Pattern Cell type
[2d1 [2d21 2431 [2d4] [(2d51
Bulk 2.489 0.000 0.000 2.489 90.0 ¢ 1.000, 0.000) | ¢(1x1) b: bulk lattice
( 0.000, 1.000)
[2d91 [2d10] [2d111 [2d121 {2d131 {2d15-181 {2d14] [2d8]1
Surface 1 2.489 2.489 -2.489 2.489 90.0 ( 1.000, 1.000) | c(2x2) s1: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

01-C2: upright on-top molecule (C bonded to Ni3) [3d1-4]

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 [3d7] Bulk z = 1.760 A [3dé]
Reg {Chem| At.} Cell] Site| Rel. Dx = ex Dy & ey Dz * ez Dz/Bz(%) + €z/Bz

ion | el.| no.| type! occ.| to

[3d8] | [3d91 £3d101 [3d11] {3d12] [3d13) [3d14-16] [3d17-191 [3d20,21)] [3d22,231

epir -2 f f A

subr -1 1.245 A 1.245 A 1.760 A

ovrl{ O 1 st .50( 0 ¢.000 f 0.000 f 0.000 A 0.0

ovrl] C 2 (sl 501 1 0.000 f 0.000 f 1.150 + .100 A 65.3 £+ 5.7

intf) Ni 3 |b 1.00) 2 0.000 f 0.000 f 1.800 + .100 A& 102.3 + 5.7

subl| Ni 4 (b 1.00| 3 0.500 f 0.500 f 1.760 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates [b1)]

No. of distances/angles: 4 [b2]

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
{b3] b4} [b5] [b6] b7]
1.150 01 c2 Ni3 180.0

1.800 c2 Ni3
2.489 Ni3 Ni3(1,0)
2.489 Ni3 Ni4

J. Phys. Chem. Ref. Data, Monograph No. 5
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[s15] ““Adsorbate’”.

Identifies the adsorbed species after adsorption, i.e. not the
gas-phase species used in order to adsorb. Coadsorbed species
are separated by semicolons, e.g., ‘‘C;0’’ stands for coad-
sorbed C and O atoms, while ‘““CO’’ stands for adsorbed
molecular CO.

[s16] ‘‘Coverage’’.

The coverage is measured as the number of adsorbate units
per (1X1) substrate unit cell. The adsorbate units may be
specified for clarity. Thus, ‘‘1/2 CO’’ means one half of a
molecular adsorbate unit per (1X1) unit cell, i.e. one adsor-
bate unit for every two (1X1) cells. In the case of coadsorp-
tion, the coadsorbates should be specified separately. For
example, ‘“1/2(Na),1/4(S)’’ would mean that the structure
contains a half monolayer of Na and a quarter monolayer of
S (relative to the (1 X1) unit cell). The substrate unit may be
included for clarity, e.g., 0.25 O/1X1. This reminder is help-
ful for stepped surfaces, where the (1X1) cell includes the full
step-to-step width of one terrace.

[s17] “‘Pattern’’.

Gives the Wood or Bibérian (*‘rect’’) notation for the sur-
face superlattice, including the simplest case of (1X1) if there
is no superlattice. Examples of common superlattices and
their notations are given in Appendix F. If several surface
superlattices coexist in different layers in the same structure
(as shown under ‘‘Surface 2D unit cells’’), they are all listed
(or explained in [s23-27] or [s28-32]).

For disordered lattices of type ndk (see definition of ndk
below under [2d8]), we use an ordered lattice of available
sites together with an occupation probability of these sites.
For instance, a (1 X 1) lattice could be used for disorder on top
of an unreconstructed clean substrate. This implies that one
site per (1X1) lattice (in this example) will be occupied with
a probability <1. (This probability is given by the site occu-
pancy; see [3d12]).

[s18-21] ‘“Matrix notation’’.

Describes the same surface lattice or superlattice as [s17].
([s18-21] is left blank if more than one superlattice is
present).

[s22] *‘“Temperature’’.

Experimental temperature in K or °C units (can be RT for
room temperature; RT* is used when the temperature is not
specified by the authors, but probably is room temperature).

1.4.3. Structure Type

[s23-27] “*Structure type’’.

Describes the characteristic features of the structure in
words. This information could, for instance, state whether a
surface is relaxed (and, if so, to what depth) or reconstructed
(and, if so, in what fashion), whether the surface has an
overlayer or buried underlayer, which adsorption sites are
occupied, etc.

1.4.4. Comments

[s28-32] ‘‘Comments’’.
Any pertinent information that does not fit elsewhere.

1.4.5. Sample Preparation

[t1] ““No. of samples’’.
Gives the number of samples used (to check the experimen-
tal reproducibility).

[t2] ‘“Treatment’’.
Describes the substrate preparation and/or the adsorption
method.

[t3] ““Crystallinity”’.
Any indication of the degree of crystalline perfection (e.g.,
sharp LEED spots).

[t4] ‘*Analytical methods’’.

Lists any methods other than the primary structure determi-
nation technique used to evaluate the preparation, perfection,
coverage, adsorbate state, efc.

[t5] ¢‘Contamination’’.
Any indication of the level of contamination by impurities
(e.g., Auger estimates).

1.4.6. Data Collection

[t6] ‘Technique’’.
Describes the main measurement technique, apparatus, etc.

[t7-8] “‘Data set’’.

Gives the nature of the experimental database (e.g., I-V
curves in LEED) and measure of its size (e.g., number of
beams in LEED, cumulative energy range summed over all
LEED beams, or momentum transfer range used in SEXAFS
or ARPEFS).

1.4.7. Theory/Data Treatment

[t9-10] ““Theory/data treatment’’.

Gives the method of the data treatment (averaging, smooth-
ing, Fourier filtering, etc.) and the theoretical analysis (dy-
namical LEED, tensor LEED, quasidynamical LEED, Fourier
transform, curved-wave, spherical-wave, multiple scattering
cluster calculation, etc.).

1.4.8. Structures Examined

[t11-15] ““Structures examined’’.

Lists the structures which have been tested in the analysis.
This may specify which structures can be excluded based on
this study.

1.4.9. Quality of Experiment-Theory Fit
[t16] “‘Quality of experiment-theory fit’’.

Gives a qualitative or, better, quantitative measure of the
experiment-theory fit, such as R-factor values.

J. Phys. Chem. Ref. Data, Monograph No. 5
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1.4.10. 2D Unit Cells

[2d1-5] ““Bulk substrate unit cell’’.

Defines the 2D unit cell of the (1X1) lattice of the ideally
terminated bulk substrate by its lattice vectors (Ax,Ay) and
(Bx,By), in 2D Cartesian coordinates, in Angstroms, and the
angle (in degrees) spanned by those two vectors.

[2d6] ‘‘Number of observed domain or site orientations’’.

When a superlattice has lower symmetry [s14] than the 2D
bulk symmetry [s13], then several domain orientations are
allowed and normally observed (all rotational axes and mirror
planes of the substrate generate allowed domain orientations).
The number of unique domain orientations is counted up and
entered here. For instance, a (2X1) overlayer in hollow sites
on fcc(100) has two domain orientations, the second one
corresponding to the notation (1X2); a totally asymmetrical
adsorption site in this case would give rise to 8 domain orien-
tations.

The entry ‘““many”’ is used for incommensurate superlat-
tices with many orientations, perhaps continuous orientations.

In the case of disordered layers, [2d6] indicates the number
of differently oriented but otherwise equivalent sites (e.g., two
different bridge site orientations can occur on fcc(100), since
they are symmetrically equivalent but differently oriented).

[2d7-18] These items (described below) list the one or more
surface lattices that occur in the structure. Only one domain
orientation is shown for any lattice. A minimum of one lattice
is shown. (It could be the (1X1) lattice for simple cases like
an unreconstructed clean surface).

[2d7] (not shown) ‘‘Number of surface lattices’’.

This is the number of different surface lattices present in
different layers of the structure, which are individually de-
fined under *‘Cell”’.

In SSD, most structures show only one 2D unit cell entered
under ‘‘Cell’’: either the (1X1) unit cell if there is no super-
lattice, or a superlattice different from (1X1). Other entries
under ‘‘Cell’’ are shown only when there is a second, third,
etc. superlattice present in other layers. Thus, if an incommen-
surate layer lies on top of an overlayer with ¢(2X2) lattice,
both the c(2X2) lattice and the incommensurate lattice would
be shown under ‘‘Cell”’. (Note: if other superlattices exist on
different patches of the surface, they are considered as inde-
pendent structures, not as different layers of the same struc-
ture.)

The types of allowed lattices are defined next under [2d8].

[2d8] ‘“Type of 2D surface lattice’’.

This item defines the type of each surface lattice present.
The type is labeled sl, s2, il, etc., and named explicitly as
‘‘commens. superlattice’’, ‘‘incommensurate lattice’’, etc.,
according to the definitions given below. The labels s1, s2, il,
etc. are used with the 3D coordinates in item [3d11] to assign
a particular lattice to each atom of the surface, see the ““Cell
type’’ column under the 3D Coordinates.

The following 5 different types of surface lattices are al-
lowed (with k=1, 2, 3, or 4, see below):
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Note: the lattice types rdk and mk are not really randomly
disordered in SSD. They use a periodic representation of a
random lattice (see their exact definitions below).

If more than one superlattice of the same type exists in the
same structure, these are distinguished by the suffix k, e.g., if
both a ¢(2X2) layer and a p(2X2) layer coexist on top of each
other, both of which are of the same commensurate type, one
would need to specify s1 for ¢(2X2) and s2 for p(2X2).

A maximum of 4 surface lattices is allowed for a given
structure (under ‘‘Cell’’). As an example, a structure could
thus contain layers with cells labeled s1, s2, nd1 and il, but
no more.

1.4.11. Lattice Definitions

sk (k=1, 2, 3 or 4): ‘‘commensurate superlattice’’.

A commensurate superlattice matches periodically with the
substrate lattice. This type of superlattice can be written in the
matrix notation with integer coefficients (the Wood notation
may involve non-integer numbers, like V/3). It includes the
case of the (1X1) ideal 2D bulk substrate lattice (this then
duplicates the items [2d1-5]), and any commensurate Wood
or Bibérian (rect) superlattices, such as: (2X1), c(2X2),
(2X2), (V3XV3)R30° (2V3x3)rect. See Appendix F for

. illustrated examples of these and other commensurate lattices,

with their notations.

ik (k=1, 2, 3 or 4): ‘‘incommensurate lattice’’.

An incommensurate superlattice in no way matches the
substrate lattice, at least in one of the two surface dimensions.
An incommensurate superlattice has a matrix notation with at
least one irrational non-fractional number. (If a fractional
coefficient appears, i.e. one which is the fraction of two in-
tegers, a larger unit cell should be chosen, so as to make all
matrix coefficients integers). The corresponding Wood nota-
tion may also involve special numbers, typically irrational.
Often many domain orientations coexist on the same sample
for incommensurate lattices. Only one should be listed (and
[2d6] should indicate the number of orientations present, e.g.,
“‘many’’ for continuous orientations).

It is assumed that an incommensurate layer has a well-de-
fined unit cell that is not modulated (i.e. not ‘*wavy’’) across
the surface due to the variable local registry. For example, an
incommensurate monolayer sheet of graphite on a substrate
would be assumed to be perfectly planar and regular, unaf-
fected by the substrate. A substrate-induced structural modu-
lation, for instance a buckling, is in practice possible and
expected, and cannot be described in SSD as an incommensu-
rate lattice. It should be treated as a commensurate superlat-
tice instead with a large unit cell.

ndk (k=1, 2, 3 or 4). ‘‘non-reconstructive lattice-gas
disorder’’.

This type corresponds to single-site adsorption without re-
laxations being induced in the substrate (but rigid translations
of (1X1) layers are allowed).

Symmetry may allow several site orientations. For in-
stance, 2 equivalent bridge sites mutually rotated by 90° coex-
ist on a surface with 4-fold rotational symmetry. In that case
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one has two options within SSD: 1) Only one site orientation
is listed, while the number of site orientations is given by
[2d6], namely 2 in our example; 2) Both orientations are
included separately, but labeled with different values of k
(e.g., ndl and nd2 in our example), while [2d6] now has the
value 1.

If several inequivalent sites or several inequivalent adsor-
bates are present simultaneously, a separate ndk-type lattice
must be specified for each. Rigid clusters, like molecules,
which are randomly positioned at lattice sites are denoted
thus: the different atoms composing one such rigid cluster or
molecule should be given the same value of k in ndk.

For example, assume that a CO molecule adsorbs randomly
at bridge sites with two different orientations, or at two differ-
ent sites (e.g., top and bridge). Then one would (with the 3D
coordinates) assign nd1 to one C and ndl to one O (for the
first site), while assigning nd2 to a second C and nd2 to a
second O (for the second site). Thereby, the first C and first
O, labeled nd1, will be known to bond together and to ran-
domize as a pair rather than being randomized separately. The
second C and the second O will likewise be known to bond
together and will be randomized separately from the first CO.
If the same nd1 were specified for all of these 4 atoms, they
would incorrectly form a rigid 4-atom cluster. If nd1, nd2, nd3
and nd4 were assigned to these 4 atoms, they would be con-
sidered to adsorb totally independently of each other, thereby
not forming rigid molecules.

A set of lattice vectors [2d9-13] should be specified that
defines the lattice of sites which will be occupied with a
probability given by the occupancy [3d12], which should be
<1. Thus, specifying lattice vectors that correspond to a (1 X1)
lattice will allow random adsorption on one site in each (1X1)
cell. This is the most common situation. Specifying lattice
vectors corresponding to a ¢(2X2) lattice will only allow
random adsorption in every other unit cell, leaving one half of
the unit cells systematically unoccupied. (In that case, an
occupancy [3d12] of 0.5 will therefore yield a coverage of
only 0.25, since only one half of the sites will be occupied
with a probability of 0.5 each).

rdk (k=1, 2, 3 or 4): ‘“‘reconstructive lattice-gas disorder’’.

This corresponds to disordered on-site adsorption or vacan-
cies or other defects, that include induced local substrate
relaxations, such as lateral relaxations and layer bucklings.

This case is simulated by an ordered commensurate super-
lattice giving a comparable coverage and a supercell which
contains enough atoms to adequately represent the local
atomic arrangement. For the 3D coordinates, the same or-
dered lattice is assumed.

For example, for a 1/5-monolayer disordered overlayer, a
(2X2) superlattice might be chosen with one adsorbate per
(2X2) cell (this gives a 1/4 coverage to approximate the actual
1/5 coverage), which would include relaxations in the sub-
strate atoms nearest to the adsorbate.

mk (k=1, 2, 3 or 4): “‘randomly mixed layer”’.
This corresponds to random alloys and other cases of ran-
dom mixed occupation of lattice points.

This case is simulated as an ordered commensurate super-
lattice with a suitable periodic supercell (in close analogy
with reconstructive lattice-gas disorder, case rdk).

(Note: case rdk is equivalent to case mk when mixing one
kind of atoms with vacancies: then rdk is the preferred repre-
sentation.)

[2d9-13] “*Surface unit cell vectors’’.

These give the unit cell vectors and angles for the individ-
ual cells. (They are similar to those [2d1-5] for the bulk
substrate). For disordered lattices of type ndk, see the defini-
tion of ndk.

[2d14, 2d15-18] ‘“Wood notation’’ and ‘‘Matrix notation’’.

These are the Wood and matrix notations for each surface
lattice present. (Examples of common superlattices and their
notations are given in Appendix F).

1.4.12. 3D Coordinates

[3d1-4] These notes are used to clarify in words the atomic
relationships, e.g., to specify which atoms together form a
particular molecule, which together form a buckled layer,
which form an epilayer, which the periodic substrate, etc. It is
also appropriate to include a note here if the coordinates are
indirectly derived from interatomic distances and angles, as in
SEXAFS, rather than being direct results from experiment.

[3d5] (not currently used).

[3d6] ‘‘Bulk substrate interlayer spacing’’.

This bulk substrate spacing is used as a 1eference to deter-
mine the relative interlayer spacings shown in items {3d22,
3d23]. Typically, this spacing is the layer-to-layer repeat dis-
tance for simple substrates.

More generally, this spacing can be the bulk periodicity
perpendicular to the surface, or anything else that is meaning-
ful. (This spacing need not be equal to the Dz-component of
the bulk substrate repeat vector given in the table as ‘‘subr’’).

Examples: for fcc(100) one would choose a/2 (if a is the
bulk cube edge); for hcp(0001) one would choose ¢/2 (if ¢ is
the hep lattice constant perpendicular to the basal plane, such
that ¢ is twice the interlayer spacing in that direction, while in
this hcp case ‘‘subr’” would have ¢ as z-component); for
Si(111) one could choose the bilayer-to-bilayer repeat spac-
ing, rather than the smaller interlayer spacings that exist be-
tween adjacent layers.

[3d7] ‘“‘No. of atoms’’.
Gives the number of tabulated atoms (not counting the
always present tabular entries labeled ‘‘epir’” and ‘‘subr’’).

[3d8-23] These items specify the individual atomic positions
and identities in the coordinate table. Each line in the table
specifies one atom, together with its associated layer obtained
by the 2-dimensional periodicity given by the “‘Cell type”’
(3d11]. We shall therefore use the terms ‘‘atom’’ and ‘‘layer”’
interchangeably in the following.
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In the coordinate table, the first 2 lines contain not atoms,
but 2 bulk repeat vectors [3d14, 3d17-18, 3d20-21] labeled
““epir’’ and ‘‘subr’’ for the epilayer (if it exists) and the
substrate, respectively. The components of “‘epir’’ are blank
if the structure does not contain an epilayer. The vector
““subr’’ is always defined, since SSD assumes that a substrate
is present. These 2 vectors describe how the surface and
interface region propagate into the bulk epilayer and substrate
regions. The table contains corresponding atoms labeled
‘“‘epil’”” and ‘‘subl’’. These constitute the units that repeat
periodically away from the surface according to the vectors
“‘epir’’ and ‘‘subr’’ to build the semi-infinite epilayer and
substrate. (The ‘‘epir’” and ‘“‘subr’’ components are always
given in [e\ngstrt')m units.)

In the table, each atom’s position is referred to either a
fixed origin at position (0,0,0) (called ‘*0’ in the ‘‘Relative
to”’ column [3d13]) or another atom’s position (defined
higher up in the table), whichever is more convenient. The
choice can be made individually for each atom. We often
choose to refer an atom’s position to that of the preceding
atom in the table. Dx and Dy are coordinates parallel to the
surface; Dz is perpendicular to the surface, relative to the
origin or that other atom.

Dx and Dy can be given either in Cartesian coordinates (in
Angstrém) or in fractional cell coordinates (i.e. as fractions of
the 2D cell vectors defined for the atom in question),
whichever is more convenient. The choice can be made indi-
vidually for each atom. When fractional cell coordinates are
used, they refer to the “‘Cell type’’ [3d11] of the atom in
question (not of the ‘‘Relative to’’ atom and not necessarily
the (1X1) cell, for example). Dz must be given in Angstrém.

[3d8] ‘‘Region’’.
Each atom belongs to a well-defined region, which can be
any of the following 4 types:

a. ‘‘subl’’: substrate. The atoms labeled thus repeat indefi-

nitely into the substrate according to the repeat vector
labeled *‘subr’’. When two or more atoms are labeled
thus, they are assumed to form a group of layers that
will be repeated together into the substrate. The relative
coordinates specified for these atoms are thus substrate-
bulk-like.
Therefore, for a substrate bulk with one atom per prim-
itive 3D unit cell, only one layer labeled ‘‘subl’ is
needed, e.g., for fcc and bec; for a substrate bulk with
N atoms per 3D primitive unit cell, N layers labeled
“‘subl”’ are needed: e.g., two for hcp, diamond,
zincblende and wurtzite, and four for graphite.

b. ““intf”’: interface. This typically represents surface-re-
laxed substrate atoms at the interface between bulk and
vacuum. Atoms of this type can also form underlayers
(in the case of compound formation), or be relaxed
atoms at a substrate-epilayer interface.

c. “‘ovrl’’: overlayer. Such atoms are typically foreign
adatoms or admolecules. (The distinction between in-
terface and overlayer atoms may not always be clearcut,
leaving a choice in labeling.) They may also be relaxed
epilayer atoms at an interface.
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d. “‘epil’’: epilayer. The atoms labeled thus repeat indefi-
nitely into the epilayer, according to the repeat vector
labeled ‘‘epil’”’. When two or more atoms are labeled
thus, they are assumed to form a group of layers that
will be repeated together into the epilayer. The relative
coordinates specified for these atoms are thus epilayer-
bulk-like.

Caution: The z-components of both the vectors ‘‘subr’’ and
“‘epir’’ point in the positive direction towards the substrate
(not towards the epilayer).

[3d9] ‘‘Chemical element’’.

Specifies the chemical element for one 2D-periodic layer.
Coplanar layers of the same element or other elements are
treated as separate entries in this table.

[3d10] ‘“Atom number’’.

Counts the tabulated atoms sequentially from 1 up. This
number serves as label for the ‘‘Relative to’’ column [3d13].
The entries -2 and -1 labeling “‘epir’’ and ‘‘subr’’ are not used
in [3d13].

[3d11] ““Cell type’’.

Assigns a 2D periodicity to each tabulated atom, by refer-
ring to [2d1-5] and [2d8], the type of 2D surface lattice
defined with the 2D structure. Examples are b (for the bulk
substrate (1X1) lattice), s, s2, il, ndl, etc.

[3d12] ‘Site occupancy’’.

For ordered and incommensurate layers, this gives the cov-
erage of a layer with respect to the substrate (1 X1) cell. Thus,
a (2X1) layer typically has a site occupancy of 0.5, while
(2X2) gives 0.25. For a displacive reconstruction (which
breaks the periodicity of a layer into a larger unit cell by
displacements such as out-of-plane bucklings), this occu-
pancy will be <1, e.g., 0.5 for each of the two atoms defining
a ¢(2X2) buckled layer. (Note that the two atoms would be
tabulated separately).

For disordered layers, the ‘‘Site occupancy’’ gives the
probability of occupying each site of the lattice defined by
[3d11], which refers back to the lattice vectors of [2d9-13].
Thus, specifying through [3d11] a set of (1X1) lattice vectors
allows random adsorption on one site in each (1X1) cell. This
is the most common situation. Specifying lattice vectors cor-
responding to a c(2X2) lattice will only allow random adsorp-
tion in every other unit cell, leaving one half of the unit cells
systematically unoccupied. (In that case, an occupancy of 0.5
will therefore yield a coverage of only 0.25, since only one
half of the sites will be occupied with a probability of 0.5
each).

For the lattice types rdk (reconstructive lattice-gas disor-
der) and mk (randomly mixed layer), described under [2d8],
the “‘Site occupancy’’ is the experimentally determined or
estimated coverage or fraction, rather than the value appropri-
ate for the artificial periodic structure representing it in SSD.
For instance, if a disordered overlayer of 0.2 coverage is
modeled as a (2X2) overlayer of type rdk because it induces
substrate relaxations, the site occupancy is given as 0.2 and
not 0.25.
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[3d13] ‘‘Relative to’’.

Gives the origin of the vector [3d14, 3d17, 3d20] that
points to this atom’s position. The origin is given as the
number [3d10] of a previously listed atom or as the origin of
coordinates 0=(0,0,0). The entries -2 and -1 labeling ‘‘epir’’
and “‘subr’’ should not be used in [3d13].

[3d14-15, 3d17-18] “‘Parallel position coordinates’’.

Dx [3d14] and Dy [3d17] are position coordinates parallel
to the surface relative to a previously tabulated atom given by
[3d13]. The Dx and Dy coordinates may be expressed in one
of two ways: either in Cartesian coordinates (then A for
Angstrt')m is appended as [3d15] or [3d18]); or in fractional
cell coordinates of the cell [3d11] defined for this atom’s layer
(then f is appended as [3d15] or [3d18]). A mix of absolute
and fractional coordinates can be used for clarity: e.g.,
Dx=0.5f and Dy=0.21A may be used simultaneously for a
given atom.

[3d20] “‘Perpendicular position coordinate’’.

Dz is the perpendicular position coordinate relative to a
previously tabulated atom (the same reference atom [3d13] as
for Dx and Dy). Dz is always given in Cartesian coordinates
(in ;\ngstrbm). Dz>0 points down towards the substrate,
while Dz<0 points up away from substrate towards the over-
lying vacuum or epilayer. Dz=0 corresponds to coplanar
atoms.

[3d16, 3d19, 3d21] “‘Error bars’’.

These give the experimentally determined uncertainties on
the coordinates Dx, Dy and Dz, in the same units (A or f) as
the corresponding coordinates. Error bars are shown only for
coordinates that were fit to experiment; a blank entry is used
when the corresponding coordinate value was assumed rather
than fit.

[3d22] ‘‘Relative interlayer spacing’’.

Gives Dz/Bulk z ([3d20)/[3d6]) as a percent, i.e. the
interlayer spacing divided by the bulk substrate spacing. This
is most useful to exhibit near-surface interlayer spacing
relaxations compared to the bulk substrate value Bulk z. Thus
the last entry in this column [3d22] is typically 100% for
simple structures (fcc and bec), representing the unrelaxed
bulk spacing. See [3d6] for more details on appropriate
choices of Bulk z.

[3d23] *“Relative spacing error’’.

Gives the relative uncertainty [3d21)/[3d6] on the ‘‘Rela-
tive interlayer spacing’’ [3d22], i.e. the error bar as a percent
relative to Bulk z. Thus, [3d22] = 94 and [3d23] = 2 would
indicate an interlayer spacing relaxed to 9422% of the bulk
spacing.

1.4.13. Bond Distances and Angles

[b1] ““Note’".

Gives any comments. This might mention whether the dis-
tances and angles are derived from the coordinates, rather
than vice versa (the SEXAFS case).

[b2] ““No. of distances/angles’’.

Gives the number of lines containing distance and/or angle
information. This information is, in general, only a selection
of distances and angles, i.e. only important distances and
angles are included, rather than a complete set from which the
surface structure could be derived.

[b3] ‘‘Interatomic distance A-B’’.
Gives an interatomic distance (in Angstrom) between the
next two atoms (A and B) on the same line.

[b4-b6] ‘“‘Atom A’’, ‘‘Atom B”’, “‘Atom C”’,

Gives atoms between which interatomic distances [b3] and
bond angles [b7] are tabulated on the same line. The atom
labels, such as O1 and Ni3, refer to the 3D coordinates table.
(The labels are made up of items {3d9] and [3d10].)

The information between parentheses, as in Ni3(1,0), indi-
cates an atom that is shifted parallel to the surface to a neigh-
boring 2D unit cell, relative to the atom tabulated with its 3D
coordinates. Thus Ni3(1,0) is atom Ni3 shifted by 1 X
(Ax,Ay) + 0 X (Bx,By) = (Ax,Ay), where (Ax,Ay) and
(Bx,By) are the unit cell vectors assigned to atom Ni3 in the
3D coordinates table (i.e., the bulk 2D (1X1) cell, since ‘‘b”’
is specified for atom Ni3.)

[b7] “‘Bond angle A-B-C"’.
Gives the angle (in degrees) subtended by the apex atom B
for the triplet of atoms A, B, C specified on the same line.

1.5. Relation of This Atlas to Other Databases
and Graphics Software

In the following, it should be remembered that this atlas
and SSD contain the same data, SSD being an electronic
version of this atlas, with associated software to use the data-
base and to visualize its data.

Relation to J.F. Nicholas’ atlas (An Atlas of Models of
Crystal Surfaces, Gordon and Breach, New York, 1965):

This atlas contains actual surface structures determined
from experiment, while Nicholas’ atlas is limited to ideal
(clean, unrelaxed) terminations of simple bulk lattices.

Relation to SCIS handbook (Surface Crystallographic In-
formation Service, A Handbook of Surface Structures; au-
thors J.M. MacLaren, J.B. Pendry, P.J. Rous, D.K. Saldin,
G.A. Somorjai, M.A. Van Hove and D.D. Vvedensky;
see ch. 4):

This atlas contains a much revised, corrected and updated
database compared to its forerunner SCIS, covering 597
rather than 256 structures.

Relation to SCIS software (Surface Crystallographic Infor-
mation Service; author J.B. Pendry; distributed by D. Reidel;
PC-based; see ch. 4):

SSD is a much expanded program providing many more
options than the SCIS software. Because of the extensive
enhancements of SSD, the database files of SCIS and SSD are
incompatible.

Relation to SARCH software (Surface Architect, author
M.A. Van Hove; bundled with LATUSE discussed below;
PC-based; see ch. 4):
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SARCH empbhasizes the interactive construction of surface
structures from the perspective of two-dimensional periodic-
ity and disorder, and provides a wide variety of presentation
modes, as well as analysis options. Further, SARCH allows
one to analyze lattice diffraction patterns (kinematic LEED
patterns) and can simulate surface topographic geometries for
the interpretation of experimental STM data. A surface struc-
ture produced within SARCH (version 3.2 or higher) can be
output to a SSD/ASCII file, which in turn can be inserted by
the authors of SSD into the SSD database (the published SSD
database files have a different non-ASCII Paradox format).
You could thus use SARCH to produce a structure in a format
that allows the authors of SSD to insert the structure into the
SSD electronic database. SARCH reads and writes both SCIS
and SSD/ASCII files, providing a bridge between SCIS and
SSD.

Relation to LATUSE/PLOT3D software (Lattice Use and
Plotting in 3D, bundled with SARCH discussed above; author
K. Hermann; PC-based; see ch. 4):

LATUSE emphasizes the construction (within the program
or through modification of an input file) and interactive dis-
play of periodic surface structures. It is especially convenient
to choose and display any Miller-index terminations of bulk
3-dimensional lattices. LATUSE, like SARCH, provides a
wide variety of presentation modes, as well as numerical and
graphical analysis options. PLOT3D is similar in its menu
handling to LATUSE, but is aimed at clusters of atoms, in-
cluding non-periodic sections of surfaces. Transfers of struc-
tures between SARCH, LATUSE and PLOT3D are possible.

Relation to BALSAC (Build and Analyze Lattices, Sur-
faces, and Clusters; author K. Hermann; PC-based,;
see ch. 4):

The BALSAC program system ((C) Copyright K. Hermann
1992) combines all features of the two PC-based program
systems LATUSE and PLOT3D; but it offers easier handling,
more analysis features, and enhanced graphics capabilities. It
is available for both PC’s and Unix based workstations.

2. Catalog of Structures
2.1. Alphanumerical Index of Structures

The structures are listed alphanumerically by elements in
the substrate and adsorbate (if any). Clean surfaces are listed
first (in order of crystal face by increasing Miller indices) and
then adsorbate structures, again ordered by crystal face. In
addition the unique classification number assigned to a struc-
ture in the database is provided with the number of the appro-
priate figure in Volume 1B. A figure number of -— indicates
that no figure is provided.
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2.1. Alphanumerical Index of Structures

Common name of structure Class. no. Figure Page
Ag(100)-(1X1) 4722 2 19
Ag(110)-(1X1) 47.15 4 20
Ag(110)-(1X1) 47.16 4 21
Ag(110)-(1X1) 47.17 4 22
Ag(110)-(1X1) 47.19 4 23
Ag(100)-C,H, disordered 47.6.1.2 74 24
Ag(100)-c(2x2)-Cl 47.17.1 28,29 25
Ag(100)-c(2Xx2)-Cl 47.17.3a 28,29 26
Ag(100)-c(2X2)-Cl 47.17.4 28,29 27
Ag(100)-c(2X2)-Cl 47.17.8 28,29 28
Ag(100)-c(2X2)-Ci 47.179 28,29 29
Ag(111)-(V3XV3)R30°-Cl 47.17.5a 22,24 30
Ag(l1 1)-(\/3X\/3)R30°-2Cl 47.17.5b 22,24 31
Ag(100)-(1X1)-3Co 47.27.1 83 32
Ag(110)-(1X2) Cs-induced 47.55.2 5 33
Ag(111)-Cs 0.15ML disordered 47.55.1a 22 34
Ag(111)-Cs 0.3ML disordered 47.55.1b 22 35
Ag(100)-(1X1)-Cu multilayer 47.29.3 83 36
Ag(100)-(1X1)-2Cu 47.29.2a 83 37
Ag(100)-(1X1)-5Fe (bcc) 47.26.0a 83 38
Ag(100)-(1 X 1)-Fe multilayer 47.26.1 83 39
Ag(11 D-(V3XV3)R30°1 47.53.1 22,24 40
Ag(11D-(V3XV3)R30°1 47.53.4 22,24 41
Ag(110)-(2X1)-0 47.8.4 35 42
Ag(100)-c(2X2)-Se 47.34.1 28,29 43
Ag(111)-Xe incommensurate 47.54.1 82 44
Ag(111)-Xe incommensurate 47.54.2 82 45
AgBr(100)-(1X1) 47.35.2a 149 46
AgBr(111)-(2X1) 47.35.2b 151 47
Al(100)-(1 X1) 13.15a 2 49
Al(100)-(1X1) 13.16a 2 50
Al(100)-(1X1) 13.26 2 51
AI(110)-(1X1) 13.16b 4 52
Al(110)-(1X1) 13.25 4 53
Al(110)-(1X 1) 13.27 4 55
Al(111)-(1X1) 13.19 1 57
AI(111)-(1X1) 13.20a 1 58
Al(LTD)-(1X1) 13.21 1 59
AIQTD-(1X1) 13.21a 1 60
AI(LTD-(1XT1) 13.41 1 61
Al(210)-(1X1) 13.36 9 62
Al(B11)-(1X1) 13.30 8 64
Al(B3D-(1X1) 13.31 10 66
Al(100)-c(2X2)-Na 13.11.1 28,29 68
Al(100)-c(2X2)-Na 13.11.2 28,29 70
AI(111)-(V3XV3)R30°-Na 13.11.3 27 72
Al(111)-0 13.8.8 22,23 73
Al(111D)-(1X1)-0 13.8.12 22,23 74
Al(11H)-(1X1)-0 13.8.15 22,23 75
Al(111)-(1X1)-0 13.8.6a 22,23 76
Al(111)-(1X1)-0 13.8.6b 26 77
AlIP(110)-(1X1) 13.15.2 116 78
Au(100)-(1X1) 79.8a 2 80
Au(100)-hex incommensurate 79.80 3 81
Au(110)-(1X2) 79.25 5 82
Au(110)~(1X2) 79.32 5 84
Au(110)-(1X2) 79.34 5 86
Au(110)-(1X2) 79.66a 5 87
Au(110)-(1X3) 79.55.2 7 89
Au(110)-c(2X2)-K 79.19.3 41 91
AuCu;(100) disordered 29.79.5 135 93
C(0001)-(1X1) graphite 6.4 157 95
C(111)-(1X1) diamond 6.5 166 96
C(0001)-(2%2)-Cs 6.55.3 163 97
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Common name of structure Class no. Figure Page Common name of structure Class no. Figure Page
C(0001)-(V3X V3)R30°-Cs 6.55.2 162 98 Cu(100)-(1Xx1)-5Fe 29.26.3¢ 83 188
C(111)-(1X1)-H (diamond) 6.1.1a 166 100 Cu(100)-(1X1)-10Fe 29.26.2b 83 189
C(0001)-1K disordered underlayer 6.19.2a 164 101 Cu(110)-(1 X 1)-Fe 29.26.11 85 191
C(0001)-2K disordered underlayer 6.19.2b 165 103 Cu(111)-(1X1)-1Fe 29.26.4 81 193
CaO(100)-(1X1) 20.8.1 149 105 Cu(100)-p(2X 1)-Fe multilayer 29.26.13 83 194
CdS(11-20)-(1X1) 48.16.1 125 106 Cu(110)-(1X1)-H 2L 29.1.2a 4 196
CdSe(10-10)-(1X1) 48.34.2 124 108 Cu(110)-(1X1)-H 10L 29.1.2b 4 197
CdSe(10-10)-(1 X 1) 48.34.4b 124 110 Cu(110)-(1X1)-H 50L 29.1.2¢ 4 198
CdSe(11-20)-(1X1) 48.34.4a 125 112 Cu(110)-(1X1)-H 200L 29.1.2d 4 199
CdTe(110)-(1X1) 48.52.2 116 114 Cu(110)-HCO, disordered 29.6.1.8.3 79 200
CdTe(110)-(1X1) 48.52.6 116 116 Cu(100)-HCO, disordered 29.6.1.8.8a 75 201
Co(0001)-(1X1) 27.5a 19 118 Cu(110)-HCO, disordered 29.6.1.8.8b 79 202
Co(10-10)-(1X1) 27.9a 20 119 Cu(100)-(2Xx2)-I 29.53.2b 28,30 203
Co(10-10)-(1X1) 27.10 20 121 Cu(111)-(V3XV3)R30°1 29.53.2a 22,24 204
Co(11-20)-(1X1) 27.8 21 123 Cu(100)-c(2X2)-N 29.7.3 28,29 205
Co(100)-(1X1) 27.4 2 125 Cu(100)-c(2X2)-N 29.7.4 28,29 207
Co(111)-(1X1) 27.5b 1 126 Cu(100)-(1X 1)-1Ni 29.28.2a 83 208
Co(10-10)-c(2X2)-K 27.19.1 60 127 Cu(100)-(1X 1)-2Ni 29.28.4a 83 209
Co(100)-c(2X2)-0 27.8.1 28,29 129 Cu(100)-(1X1)-3Ni 29.28.2b 83 210
Co(100)-c(2X2)-S 27.16.1 28,29 130 Cu(100)-(1X1)-4Ni 29.28.4b 83 211
CoO(100)-(1X1) 27.8.3 149 131 Cu(111)-(1X1)-Ni 29.28.1 81 212
CoO(111)-(1X1) 27.8.2 150 132 Cu(100)-¢(2%2)-O 29.8.15 28,29 213
CoSi(111)-(1X1) 14.27.1 145 133 Cu(100)-c(2%2)-0 29.8.2 28,29 214
CoSi(111)-(1X1) 14.27.14 145 135 Cu(100)-c(2X2)-0 29.8.7 28,29 215
CoSiy(111)-(1X1) Co-rich 14.27.11b 145 137 Cu(100)-(2V2X V2)R45°-0 29.8.39 34 216
CoSix(111)-(1X1) Si-rich 14.27.11a 146 139 Cu(110)-(1X2)-0 29.8.17 39 218
Cr(100)-(1 X 1)-N 24.7.1 48,49 141 Cu(110)-(1Xx2)-0 29.8.18a 39 219
Cr(100)-c(2X2)-S 24.16.1 48,50 143 Cu(110)-(2x1)-0 29.8.30 39 220
Cu(100)-(1X1) 29.25a 2 145 Cu(110)-(2%1)-0 29.8.31 39 222
Cu(100)-(1X1) 29.36a 2 146 Cu(110)-(2%1)-0 29.8.51 39 224
Cu(100)-(1x1) 29.43 2 147 Cu(410)-(1X1)-O - 29.8.12a 42 226
Cu(100)-(1X1) 29.59 2 148 Cu(410)-(1 X 1)-20 29.8.12b 43 228
Cu(110)-(1x1) 29.25b 4 149 Cu(100)-¢(2%X2)-Pb 29.82.1a 28,29 230
Cu(110)-(1x1) 29.28 4 150 Cu(100)-c(2X2)-Pb 29.82.2 28,29 231
Cu(110)-(1X1) 29.29 4 151 Cu(100)-c(2X2)-Pd 29.46.2 33 232
Cu(110)~(1X1) 29.37 4 152 Cu(100)-c(5V2X V/2)R45°3Pb 29.82.1b 31 233
Cu(110)-(1X1) 29.38 4 153 Cu(100)-c(5V2X V2)R45°-3Pb 29.82.3 31 235
Cu(110)-(1X1) 29.41a 4 154 Cu(100)-p(2X%2)-S 29.16.0a 28,30 236
Cu(110)-(1X1) 29.48 4 155 Cu(100)-p(2X2)-8 29.16.1 28,30 237
Cu(110)-(1X2) 29.52 5 156 Cu(100)-p(2X2)-S 29.16.10 28,30 238
Cu(110)-(1X2) (Li induced) 29.3.1 5 157 Cu(100)-p(2X2)-S 29.16.2 28,30 239
Cu(111)-(1X1) 29.31 1 158 Cu(100)-p(2X2)-S 29.16.3 28,30 240
Cu(311)-(1X1) 29.11 8 159 Cu(100)-(2X2)-S 29.16.12 28,30 241
Cu(311)-(1X1) 29.46 8 160 Cu(100)-(2X2)-S 29.16.13 28,30 243
Cu(100)-c(2X2)-Au 29.79.2 33 161 Cu(100)-(2X2)-S 29.16.14 28,30 244
Cu(100)-CH;O disordered 29.6.1.8.10 76 162 Cu(100)-(2X2)-Te 29.52.1 28,30 246
Cu(100)-C,H, disordered 29.6.1.2a 73 163 Cu(100)-(2x2)-Te 29.52.2a 28,30 247
Cu(100)-C,H, disordered 29.6.1.2b 74 164 Cu(111)-16%A1-(V3XV3)R30° 29.13.2 133 248
Cu(100)-C,H, disordered 29.6.1.3 — 165 CuggsPdg,5(110)-(2X1) 29.46.4 141 249
Cu(100)-c(2X2)-CO 29.6.8.0a 71 166 Fe(100)-(1X1) 26.4 12 251
Cu(100)-c(2Xx2)-CO 29.6.8.1 71 167 Fe(100)-(1X1) 26.18 12 252
Cu(100)-c(2X2)-Cl 29.17.12 28,29 168 Fe(100)-(1X1) 26.18a 12 253
Cu(100)-c(2%X2)-Cl 29.17.13 28,29 169 Fe(100)-(1X 1) epitaxial on Cu(100) 29.26.7 83 254
Cu(100)-c(2X2)-Cl 29.17.5 28,29 171 Fe(100)-(1X 1) epitaxial on Cu(100) 29.26.8 83 255
Cu(100)-c(2%2)-Cl 29.17.7 28,29 173 Fe(100)-(1X 1) epitaxial on Ni(100) 28.26.2¢ 83 256
Cu(111)-(V3XV3)R30°-Cl 29.17.8 22,24 174 Fe(110)-(1X1) 26.8 11 257
Cu(111)-(V3XV3)R30°-Cl 29.17.9 22,24 175 Fe(111)-(1X1) 26.17 15 258
Cu(100)-(1X1)-1Co 29.27.2a 83 176 || Fe(111)-(1X1) 26.9 15 260
Cu(100)-(1X1)-8Co 29.27.2b 83 177 Fe(210)-(1X1) 26.16 16 262
Cu(100)-(1 X 1)-20Co 29273 83 179 Fe(211)-(1x1) 26.14 17 264
Cu(111)-(1X1)-1Co 29.27.1 81 181 Fe(310)-(1X1) 26.13 18 266
Cu(111)-(2%2)-Cs 29.55.1 22 182 Fe(100)-c(2Xx2)-C+0 disordered 26.6.8.1 48,50 268
Cu(100)-(1x1)-1Fe 29.26.2a 83 183 Fe(100)-(1 X 1)-3Co 26.27.1 86 270
Cu(100)-(1X1)-1Fe 29.26.3a 83 184 Fe(100)-(1 X 1)-Cu multilayer 26.29.1 86 271
Cu(100)-(1%1)-2Fe 29.26.3b 83 185 Fe(110)-(2X%1)-H 26.1.1a 44,45 272
Cu(100)-(1X1)-3Fe 29.26.3¢c 83 186 Fe(110)-(3%X1)-2H 26.1.1b 46 274
Cu(100)-(1 X 1)-4Fe 29.26.3d 83 187 Fe(100)-c(2X2)-N 26.7.1 48,50 276
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Common name of structure Class no. Figure Page Common name of structure Class no. Figure Page
Fe(100)-(1X 1)-3Ni 26.28.0a 86 278 Mo(100)-c(2X2)-C 42.6.2 48,50 391
Fe(100)-(1X 1)-0 26.8.10 48,49 279 Mo(100)-(1x1)-2H (D) 42.1.1 12 393
Fe(100)-(1X1)-0 26.8.3 48,49 280 Mo(100)-c(2X2)-N 42.7.1 48,50 394
Fe(100)-(1X1)-0 26.8.7 48,49 282 Mo(100)-c(2X2)-S 42.16.10 48,50 395
Fe(100)-(1X1)-O 26.8.9 48,49 283 Mo(100)-(1X1)-Si 42.14.1 48,49 397
Fe(211)-(2X1)-0 26.8.8 54 285 MoS,(0001)-(1X1) 42.16.4b 159 398
Fe(100)-c(2X2)-S 26.16.1 48,50 287 Na(0001)-(1X1) 11.2 19 400
Fe(100)-c(2X2)-S 26.16.6 48,50 288 Na(110)-(1x1) 1.1 11 401
Fe(110)-p(2X2)-S 26.16.4 47 289 Na(110)-(1x1) 11.1a 11 402
GaAs(110)-(1X1) 31.33.26 116 291 Na,O(111)-(IX1) 11.8.1 152 403
GaAs(110)-(1x1) 31.33.27 116 293 Nb(110)-(1X1) 41.2 11 405
GaAs(110)-(1X1) 31.33.29a 116 295 NbSe,(0001)-(1X1) 42.16.4a 160 406
GaAs(110)-(1X1) 31.33.68 116 297 Ni(100)-(1X1) 28.16a 2 408
GaAs(111)-(2X2) 31.33.24 117 299 Ni(100)-(1X1) 28.29a 2 409
GaAs(311)-(1X1) As termination 31.33.53b 121 301 Ni(100)-(1x1) 28.4b 2 410
GaAs(311)-(1X1) Ga termination 31.33.53a 122 302 Ni(110)-(1X1) 28.11a 4 411
GaAs(110)-(1X1)-1A1 (low coverage) 31.33.13.4a 127 304 Ni(110)-(1X1) 28.15 4 412
GaAs(110)-(1X1)-2Al (med coverage) 31.33.13.4b 127 306 Ni(110)-(1X1) 28.17 4 413
GaAs(110)-(1X1)-3A1 (high coverage) 31.33.13.4¢ 127 308 Ni(110)-(1X1) 28.18 4 415
GaAs(110)-(1X1)-2Bi 31.33.83.2 126 310 Ni(110)-(1X1) 28.22 4 416
GaAs(110)-(1X1)-28b 31.3351.2 126 312 Ni(110)-(I X1) 28.23 4 417
GaAs(110)-(1X1)-2Sb 31.33.51.5 126 314 Ni(110)-(1X1) 28.25 4 418
GaP(110)-(1X1) 31.15.4 116 316 Ni(110)-(1X1) 28.26a 4 419
GaP(111)-(2X2) 31.15.5 117 318 Ni(111)-(1X1) 28.11b { 420
GaSb(110)-(1X1) 31.51.2 116 320 Ni(111)-(1X1) 28.4a 1 421
GaSb(110)-(1X1) 31.51.3 116 322 Ni(311)-(1X1) 28.12 8 422
GaSb(110)-(1X1) 31.51.3a 116 324 Ni(311)-(1X1) 28.21 8 424
GaSb(111)-(2X2) 31.51.4 117 326 Ni(100)-Ag(111) multilayers 28.47.1 84 426
Ge(100)-(2X 1) 321 94 328 Ni(100)-c¢(2X2)-Bi 28.83.1 28,29 427
Ge(100)-(2X1) 325 94 330 Ni(100)-p4g(2X2)-2C 28.6.16 32 428
Ge(111)-c(2X8) 32.21 92 332 Ni(100)-p4g(2Xx2)-2C 28.6.17 32 430
Ge(i 11)-(V/3X V/3)R30°Bi 32.83.1 96,97 334 Ni(100)-p4g(2X2)-2C 28.6.2 32 432
Ge(111)-(1X1)-Cl 32.17.1 96,99 336 Ni(110)-2x1)-C 28.6.18 35 434
Ge(11)-(1X1)-H 32.1.1 88 337 Ni(111)-(2X2)-CH, 28.6.1.2 64 435
Ge(111)-(1X1)-1 32.53.2 96,99 339 Ni(100)-CeHsS disordered 28.6.16.1 77 437
Ge(111)-(1X1)-PH, 32.15.1.1 110 340 Ni(100)-c(2X2)-CO 28.6.8.11 71 438
Ge(111)-(V3XV3)R30°-Pb (1/3ML)  32.82.6a 96,97 342 Ni(100)-c(2X2)-CO 28.6.8.12b 71 439
Ge(111)-(V3XV3)R30°-4Pb (43ML) 32.82.6b 115 344 Ni(100)-c(2X2)-CO 28.6.8.4 71 441
Ge(100)-(2%x 1)-S 32.16.2 104,106 346 Ni(100)-c(2X2)-CO 28.6.8.6 71 442
Ge(111)-(2x2)-S 32.16.1 96,98 348 Ni(100)-c(2x2)-CO 28.6.8.7 71 443
HfC(100)-(1X1) 72.6.2 149 350 Ni(100)-c(2X2)-CO 28.6.8.8 71 444
InAs(110)-(1X1) 49.33.1 116 352 Ni(110)-p(2X 1)-2CO 28.6.8.20 78 445
InAs(110)-(1X1) 49.33.2 116 354 Ni(111)-(V3XV3)R30°-CO 28.6.8.12a 61 447
InP(110)-(1X 1) 49.15.2 116 356 Ni(100)-c(2X2)-Cl 28.17.1 28,29 449
InP(110)-(1X1) 49.15.3 116 358 Ni(111)-(V3XV3)R30°-Cl 28.17.2 22,24 450
InSb(110)-(1X1) 49.51.1 116 360 Ni(! 1 1)-(V3X V/3)R30°-Cl 28.17.3 22,24 451
InSb(110)-(1X1) 49.51.6 116 362 Ni(100)-(1X1)-3Co 28.27.1 83 452
Ir(100)-(1X1) 77.10 2 364 Ni(100)-(1 X 1)-Cu 28.29.3 83 453
Ir(100)-(1X5) 77.11 3 365 Ni(100)-(1 X1)-3Cu 28.29.5a 83 454
Ir(100)-(1 X5) 77.6 3 367 Ni(100)-(1 X 1)-Cu multilayer 28.29.5 83 455
Ir(110)-(1X1) 71.3 4 369 Ni(100)-(1X1)-1Fe 28.26.2a 83 456
Ir(110)-(1X2) 77.16 5 370 Ni(100)-(1X1)-2Fe 28.26.2b 83 457
Ir(110)-(1X3) 77.26 7 372 Ni(100)-H (D) disordered 28.1.17 28 458
Ir(111)-(1X1) 772 1 374 Ni(110)-(2X1)-2H 28.1.23 35,37 459
Ir(110)-c(2X2)-0 77.8.1 35 375 Ni(111)-(2X2)-2H 28.1.6 22,25 461
Ir(111)-(2X2)-0 77.8.2 22,25 3n Ni(111)-(2X2)-2H (D) 28.1.31 22,25 463
Ir(110)-(2X2)-2S 77.16.2 40 378 Ni(100)-c(2x2)-Hg 28.80.1 28 464
Ir(111)-(V3XV3)R30°-S 77.16.1 22,24 380 Ni(100)-c(2X2)-1 28.53.2 28,29 465
MgO(100)-(1X1) 12.8.4 149 381 Ni(100)-p4g(2X2)-2N 28.7.2 32 466
MgO(100)-(1X1) 12.85 149 383 Ni(100)-p4g(2X2)-2N 28.7.4 32 468
MgO(100)-(1X1) 12.8.8 149 384 Ni(100)-c(2X2)-N+0O disordered 28.7.8.1 28,29 470
MgO(100)-(1X1) 12.8.9 149 385 Ni(100)-c(2X2)-Na 28.11.3 28,29 472
Mn(100)-(1X 1) epitaxial on Pd(100) 46.25.3 83 386 Ni(100)-c(2X2)-Na 28.11.4 28,29 473
Mo(100)-(1X1) 424 12 387 Ni(100)-c(2X2)-Na+S 28.11.16.1a 28,29 474
Mo(100)-(1X 1) disordered 42.10 14 388 Ni(100)-p(2X2)-Na+2S 28.11.16.1b 28,30 476
Mo(110)-(1X1) 427 11 389 Ni(100)-p(2X2)-Na+S 28.11.16.1c 28,30 478
Mo(111)-(1X1) 428 15 390 Ni(100)-c(2X2)-O 28.8.21 28,29 480
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Ni(100)-c(2X2)-0 28.8.30a 28,29 482 NiSi(11D)-(1X1) 14.28.1 145 571
Ni(100)-c(2X2)-0 28.8.32a 28,29 483 NiSi;(111)-(1X1) 14.28.13 145 573
Ni(100)-c(2X2)-O 28.8.35 28 485 Pb(100)-(1X1) 82.13 2 575
Ni(100)-c(2X2)-0 28.8.36 28,29 486 Pb(110)-(1X 1) 82.1 4 576
Ni(100)-c(2%X2)-0 28.8.37 28,29 488 Pb(110)-(1X1) 82.12 4 577
Ni(100)-c(2X2)-0 28.8.42 28,29 490 Pb(110)-(1X1) 82.7 4 579
Ni(100)-¢(2X2)-0 28.8.48 28,29 492 Pb(111)-(1X1) 82.16 1 ‘580
Ni(100)-¢(2X2)-0 28.8.59 28,29 494 Pb(311)-(1X1) 82.18 8 581
Ni(100)-c(2X2)-O 28.8.61 28,29 495 Pd(100)-(1X1) 46.2 2 583
Ni(100)-c(2X2)-O 28.8.7 28,29 496 Pd(100)-(1X1) 46.8 2 584
Ni(100)-c(2X2)-O 28.8.71 28,29 498 Pd(110)-(1X1) 46.4a 4 585
Ni(100)-p(2X2)-0 28.8.30b 28,30 500 Pd(110)-(1X1) 46.5b 4 586
Ni(100)-p(2X2)-O 28.8.32b 28,30 501 Pd(110)-(1X2) 46.4b 5 587
Ni(100)-p(2X2)-0 28.8.5 28,30 503 Pd(110)-(1X2) 46.6 5 588
Ni(100)-p(2X2)-0 28.8.72 28,30 504 Pd(111)-(1X1) 46.3 1 590
Ni(100)-0O disordered 28.8.82 28 506 Pd(111)-(1X1) 46.5a 1 591
Ni(110)-(2X1)-0 28.8.53 39 508 Pd(111)-(1X1)-Au 46.79.1 81 592
Ni(110)-(2X 1)-0O 28.8.58 — 510 Pd(111)-(3X3)-CeHe+2CO 46.6.1.8.2 70 593
Ni(110)-(2X1)-O 28.8.70 39 511 Pd(111)-(V3XV3)R30°-CO 46.6.8.2 61 595
Ni(111)-p(2X2)-O 28.8.75a 22,25 513 Pd( 100)-(2\/2X\/2)R45°-2CO 46.6.8.0a 71,72 597
Ni(l1 1)-(\/3><\/3)R30°-O 28.8.27 22,24 514 Pd(100)-(1 X 1)-Cu multilayer 46.29.1 83 598
Ni(11 1)-(\/3><\/3)R30°-O 28.8.85 22,24 515 Pd(100)-(1X1)-H (D) 46.1.13a 28 599
Ni(100)-c(2X2)-S 28.16.10a 28,29 516 Pd(100)-c(2X2)-H (D) 46.1.13b 28,29 600
Ni(100)-c(2X2)-8 28.16.13 28,29 517 Pd(110)-(1X2)-H 46.1.11a —_ 601
Ni(100)-c(2X2)-S 28.16.15 28,29 518 Pd(110)-(2x1)-2H 46.1.12 37 603
Ni(100)-c(2X2)-S 28.16.16 28,29 519 Pd(100)-(1X1)-12Fe 46.26.2a 83 605
Ni(100)-c(2X2)-S 28.16.18 28,29 520 Pd(100)-(1X1)-53Fe 46.26.2b 83 606
Ni(100)-c(2X2)-§ 28.16.19 28,29 521 Pd(100)-(1X 1)-200Fe 46.26.2c 83 607
Ni(100)-c(2X2)-S 28.16.22 28,29 522 Pd(100)-c(2X2)-Mn / Pd;Mn(100) 46.25.5b 134 608
Ni(100)-c(2X2)-S 28.16.23a 28,29 523 Pd(100)-c(2X2)-Mn mixed top layer 46.25.5a 33 610
Ni(100)-c(2X2)-S 28.16.28 28,29 524 Pd(100)-c(2X2)-S 46.16.1 28,29 612
Ni(100)-c(2%2)-§ 28.16.35 28,29 525 || Pd(111)-(V3XV3)R30°S 46.162 22,24 613
Ni(100)-c(2X2)-S 28.16.4c 28,29 526 Pt(100)-(1 X1) 78.16 2 614
Ni(100)-c(2X2)-S 28.16.9 28,29 527 Pt(100)-(1 X 1) 78.16a 2 615
Ni(100)-p(2X2)-S 28.16.36a 28,30 528 Pt(100)-(1X1) 78.6 2 616
Ni(100)-p(2X2)-S 28.16.4a 28,30 530 Pt(110)-(1X2) 78.19 5 617
Ni(100)-S disordered 28.16.36b 28 531 Pt(110)-(1 X2) 78.32 5 618
Ni(110)-c(2X2)-S 28.16.17 35,36 533 Pt(110)-(1X2) 78.33a 5 620
Ni(110)-c(2%X2)-S 28.16.20 35,36 535 Pt(110)-(1X2) 78.34 5 622
Ni(110)-c(2X2)-S 28.16.23b 35,36 537 Pt(110)-(1X2) 78.41 5 624
Ni(110)-c(2X2)-S 28.16.25 35,36 538 Pi(110)-(1X2) 78.47 5 626
Ni(110)-c(2X2)-§ 28.16.26 35,36 539 Pt(110)-(1X2) 78.49 5 628
Ni(110)-c(2X2)-S 28.16.7 35,36 540 Pi(110)-(1X3) 78.33b 7 629
Ni(110)-p(2X2)-S 28.16.4d 35 541 Pt(110)-(1X3) 78.48 6 631
Ni(111)-(2Xx2)-S 28.16.23¢ 22,25 542 Pi(111)-(1X1) 78.12 1 633
Ni(111)-(2%X2)-8 28.16.4b 22,25 543 Pt(111)-(1X1) 78.15 1 634
Ni(111)-p(2X2)-S 28.16.33 22,25 544 P(111)-(1X1) 78.20a 1 635
Ni(100)-c(2X2)-Se 28.34.0a 28,29 545 Pt(111)-(1X1) 78.8 1 636
Ni(100)-c(2X2)-Se 28.34.1 28,29 546 Pt(210)-(1 X1) 78.43 9 637
Ni(100)-p(2X2)-Se 28.34.0b 28,30 548 Py(111)-(1X1)-H (D) 78.1.7 22,23 639
Ni(110)-c(2X2)-Se 28.34.0c 35,36 549 Pt(111)-(2X2)-C;H; 78.6.1.5 65 640
Ni(111)-p(2X2)-Se 28.34.0d 22,25 550 Pt(111)-CsHs disordered 78.6.1.18 67 642
Ni(100)-c(2X2)-Te 28.52.1 28,29 551 Pt(11 1)-(2V3X4)rect-2CHe+4CO 78.6.1.8.1 68 644
Ni(100)-p(2X2)-Te 28.52.1a 28,30 552 Pt(111)+CO 1/3ML disordered 78.6.8.7 61 646
Ni;Al(100)-(1X1) 28.13.5 134 553 Pt(111)-c(4X2)-2CO 78.6.8.4 61,62 648
Ni;AI(110)-(1 X 1) 28.13.13 137 555 Pt(100)-(1X1)-Cu multilayer 78.29.2 83 649
Ni;AI(111)-(1X1) 28.13.12 128 557 Pi(11 D-(V3XV3)R30°-S 78.16.1 22,24 650
NiAI(100)-(1X 1) 28.13.15¢ 143 559 Pt(111)-(2X2)-Sn 78.50.1a 27 651
NiAl(110)-(1X 1) 28.13.11 142 560 Pt(t1 D-(V3XV3)R30°-Sn 78.50.1b 27 652
NiAl(110)-(1X1) 28.13.15b 142 561 PtogFeo,(110)-(1X2) 78.26.2 140 653
NiAI(110)-(1X1) 28.13.19 142 563 PtosFeoa(111)-(1X1) 78.26.1 132 655
NiAl(110)-(1X1) 28.13.4 142 564 Pt Nioo(100)-(1X 1) 78.28.8 136 657
NiAI(111)-(1X1) Al-terminated 28.13.14b 144 565 Pty Nipg(110)-(1X1) 78.28.7 138 659
NiAl(111)-(1X1) Ni-terminated 28.13.14a 144 566 Pto1Nioo(111)-(1X1) 78.28.2 129 661
NiO(100)-(1 X 1) 28.8.20 149 567 Pty sNios(110)-(1X1) 78.28.3 139 663
NiSi(100)-(1X 1) 14.28.6 148 568 PtosNios(111)-(1X1) 78.28.1b 130 665
NiSiy(100)-(1X1) 14.28.9 147 570 PtosNios(111)-(1X1) 78.28.9 130 667
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2.1. Alphanumerical Index of Structures — Continued

WATSON, VAN HOVE, AND HERMANN

2.1. Alphanumerical Index of Structures — Continued

Common name of structure Class no. Figure Page Common name of structure Class no. Figure Page
Pto7sNig22(111)-(1X1) 78.28.1a 131 669 Si(11 l)-(\/3><\/3)R30°-Ga 14.31.4 96,97 776
Re(10-10)-(1X1) 752 20 671 Si(111)-(7X7)-1 14.53.2 96,99 778
Rh(100)-(1X1) 45.7b 2 673 Si(100)-(2X1)-2K 14.19.9 108 779
Rh(110)-(1X1) 45.7¢ 4 674 Si(100)-(2X1)-Na 14.11.4 107 781
Rh(110)-(1X1) 45.9a 4 675 Si(111)-(1X 1)-NiSix(111) interface 14.28.12a 114 783
Rh(100)-(1X1) 45.9b 2 676 Si(111)-(1X1)-NiSix(111) interface 14.28.12b 113 785
Rh(111)-(1X1) 45.7a 1 677 Si(111)-(1X1)-NiSix(111) interface 14.28.2 114 787
Rh(111)-(1X1) 45.8 1 678 Si(111)-(1X1)-NiSix(111) interface 14.28.8 114 789
Rh(311)-(1X1) 45.11 8 679 Si(l! 1)-(\/3X\/3)R30°-Pb 14.82.1 96 790
Rh(111)-(2X2)-C;H; 45.6.1.11 65 680 Si(t1 l)—(\/3X\/3)R30°-Pb (a phase)} 14.82.2 96,97 791
Rh(111)-(2X2)-C;H; 45.6.1.3 65 682 Si(l1 1)-(\/3><\/3)R30°-Sn 14.50.2 96,97 793
Rh(111)-c(4X2)-C,H;+CO 45.6.1.8.4a 66 684 Si(100)-(2X1)-2Sb 14.51.7 109 795
Rh(111)-c(4X2)-C;H;+NO 45.6.7.8.1.1 66 686 Si(111)-(7X7)-Te 14.52.1 96 796
Rh(111)-(3X3)-CsHs+2CO 45.6.1.8.3 70 688 SiC(100)-c(2X2) (C;H,4 exposed) 14.6.7a 118 798
Rh(111)-c(2V3X 4)rect-CsHe+CO 45.6.1.8.2 69 690 SiC(100)-c(2X?2) (Si sublimation) 14.6.7b 119. 800
Rh(111)-(2X2)-3CO 45.6.8.4 63 692 SiC(100)-p(2X1) 14.6.8 120 802
Rh(11 l)-(\/3x\/3)R30°-CO 45.6.8.1 61 694 SrTi0:(100)-(1X1) O-Ti-O terminated) 38.22.8.1b 154 804
Rh(100)-c(4X2)-Cs 45.55.1 28,30 695 SrTiOx(100)~(1 X1) Sr-O terminated) 38.22.8.1a 155 806
Rh(110)-(1X1)-2H 45.1.10 37 696 Ta(100)-(1X1) 73.1 12 808
Rh(110)-(1X1)-2H 45.1.4 37 698 Ta(100)-(1X1) 73.4 12 809
Rh(110)-(1X2)-H 45.1.8 38 700 Ta(100)-(1X3)-0 73.8.1 53 810
Rh(110)-(1X2)-3H 45.1.6 — 702 TaC(100)-(1X1) 73.6.2 149 812
Rh(110)-(1X3)-H 45.1.5 38 704 TaC(100)-(1X1) 73.6.4 149 814
Rh(111)-(2X2)-3NO 45.7.8.1 63 706 Tb(0001)-(1X1) 65.1 19 816
Rh(100)-(2X2)-0 45.8.2 28,30 708 Te(10-10)-(1X1) 52.1 158 817
Rh(111)-(2X2)-0 45.8.1 22,25 709 Ti(0001)-(1X1) 22.1 19 819
Rh(100)-(2X2)-S 45.16.1 28,30 710 Ti(10-10)-(1X1) 223 20 821
Rh(110)-c(2X2)-S 45.16.2 35,36 711 Ti(0001)-(1X1)-2Cd 22.48.3a 87 823
Rh(11 1)-(\/3X\/3)R30°-S 45.16.3 22,24 712 Ti(0001)-(1 X 1)-4Cd 22.48.3b 87 824
Ru(0001)-(1X1) 44.1 19 713 Ti(0001)-(1X1)-Cd 22.48.2 87 825
Ru(0001)-(1X1)-H 44.1.1 55,56 714 Ti(0001)-(1X1)-N 22.7.2 58 827
Ru(0001)-(V3XV/3)R30°-CO 44.6.8.1 80 715 TiC(11 I)-(\/3><\/3)R30°-O 22.6.8.3 156 829
Ru(0001)-CO disordered 44.6.8.2 80 717 TiO,(100)-(3X1) 22.8.1 153 831
Ru(0001)-(1X1)-1Fe 44.26.1a 87 718 TiSe,(0001)-(1X1) 22342 161 833
Ru(0001)-p(2X1)-0O 44.8.1 55,57 719 V(100)-(1 X1) 234 12 835
Ru(0001)-p(2X2)-0O 44.8.2 55,57 721 V(110)-(1X1) 232 11 837
Sc(0001)-(1X1) 21.2 19 723 VN,.89(100)-(1X 1) 23.7.1 149 838
Si(100)-(2X1) 14.170 94 725 W(100)-(1X1) 74.1.21a 12 840
Si(100)-(2x 1) 14.182a 94 727 W(100)-(1X1) 74.21 12 841
Si(100)-(2X 1) 14.75 94 729 W(00)-(1X1) 74.2a 12 842
Si(100)-(2X 1) 14.85 94 731 W(100)-(1X1) disordered 74.47 14 843
Si(100)-c(4X2) 14.182b 95 733 W(110)-(1X1) 74.2b 11 844
Si(111)-(2X1) 14.120 89 735 W(110)-(1X1) 74.45 11 845
Si(111)-(2X1) 14.25 — 737 W(100)-c(2X2) 74.14 13 846
Si(111)-(2X1) 14.89 89 739 W(100)-c(2X2) 74.53 13 847
Si(111)-(2X1) 14.96 89 741 W(100)-c(2X2) 74.59 13 848
Si(111) laser annealed 14.108 88 743 WQRID-(1X1) 74.55 17 850
Si(111)-(1X1) laser-annealed 14.99 88 745 W310)-(1X1) 74.63 18 851
Si(1LD)-(TX7) 14.132 91 746 W(I00)-(1X)-2H 74.1.10 48,50 852
Si(111)-(V3XV3)R30°-Al 14.152 90 750 || W(100)-c(2X2)-N 74.7.2 48,50 854
Si(11 1)—(\/3><\/3)R30°-A1 14.13.12 96,97 752 W(100)-O disordered 74.8.8 51 856
Si(111D)-(1X1)-As 14.33.10 102 754 W(100)-p(2 X 1)-disordered O 74.8.12 52 858
Si(t11)-(1X1)-As 14.33.7 102 755 W(110)-2X1)-0 74.8.1 44,45 859
Si(111)-(1X1)-As 14.33.8 102 756 Zn(0001)-(1X1) 30.1 19 860
Si(l1 l)—(\/3><\/3)R30°-B 14.5.6 101 757 ZnO(0001)-(1X1) 30.8.2 123 861
Si(111)-(V3X V3)R30°-Bi 14.83.2 103 759 ZnO(10-10)-(1X1) 30.8.2a 124 862
Si(11 l)—(\/3><\/3)R30°-Bi (1/3 ML) 14.83.3a 96,97 761 ZnO(11-20)-(1X 1) 30.8.2b 125 864
Si(111)-(V3XV3)R30°-Bi (1 ML) 14.83.3b 100 763 || ZnS(110)-(1X1) 30.16.2 116 866
Si(111)-Br 0.25ML 14.35.2 96,99 765 ZnSe(110)-(1X1) 30.34.2a 116 868
Si(111)-Br 0.67TML 14.35.1 96,99 766 ZnSe(110)-(1X1) 30.34.2b 116 870
Si(tH1D)-(I1X1)-Cl 14.17.4b 96,99 767 ZnTe(110)-(1X1) 30.52.2 116 872
Si(11DH-(7X7N-Cl 14.17.4a 96,99 768 Zr(0001)-(1X1) 40.1 19 874
Si(100)-Co 0.4ML 1427.16 104,105 769 Zr(0001)-(1X1)-C 40.6.1 58 875
Si(111)-(1X1)-CoSiy(111) interface 14272 111 770 Zr(0001)-(1X1)-N 40.7.1 58 871
Si(111)-(1X1)-CoSiy(111) interface 14.27.3 11 772 Zr(0001)-(2X2)-0 40.8.1 59 878
Si(111)-(1X1)-CoSiy(111) interface 14.27.8 112 774
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COMMON NAME : Ag(100)-(1x1) TLLUSTRATION: 2
CLASSIFICATION : 47.22

TECHNIQUE : LEED

AUTHORS : H. Li, J. Quinn, Y.S. Li, D. Tian, F. Jona and P.M. Marcus
REFERENCE : Phys. Rev., B43, 7305 (1991)

SURFACE_TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: No multilayer relaxation
Crystal face: 100 Coverage :

Temperature : RT¥ Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: p4m ( 0.000, 1.000)

2D surf symm: pé4m

SAMPLE PREPARATION ( 1 sample)

Treatment : ion bombardment followed by annealing
Crystallinity: sharp LEED pattern

Anal. methods: AES

Contamination:

COMMENTS

DATA COLLECTION
Technique: LEED

THEORY/DATA TREATMENT
Dynamical LEED (CHANGE program)

Dataset : IV spectra for 5 non-equivalent beams at
normal incidence 3 beams at 10° off-normal

STRUCTURES EXAMINED
Variation of 1st and 2nd interlayer spacings

QUALITY OF EXPERIMENT-THEORY FIT

PRE=0.39
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (R) By (R a (°) Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.889 0.000 0.000 2.889 90.0 1. 000 0.000) (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.043 &
Reg [Chem| At.| Cell{ Site| Rel. Dx * e€x Dy + ey Dz + ez Dz/Bz(%) * €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.445 A 1.445 A 2.043 A
intf| Ag 1 (sl 1.00{ O 0.000 A 0.000 A 0.000 A 0.0
intf| Ag 2 |s1 1.00( O 1.445 A 1.445 A 2.043 + .030 A 100.0 £ 1.5
subl| Ag 3 |b 1.00( O 0.000 A 0.000 A 4.086 + .030 A 200.0 + 1.5
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 2
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°
2.889 Ag1 Ag2
2.889 Ag2 Ag3
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ILLUSTRATION: 4
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COMMON NAME  : Ag(110)-(1x1)
CLASSIFICATION : 47.15

TECHNIQUE : HEIS

AUTHORS : Y. Kuk and L.C. Feldman
REFERENCE : Phys. Rev.,

B30, 5811 (1984)

SURFACE TYPE
Substrate

Crystal face:
Temperature :
Bulk lattice:
2D bulk symm:
2D surf symm:

: Ag

110
RT*
fee
pmm
pmm

Adsorbate:
Coverage :

Pattern
Matrix

SAMPLE PREPARATION ( 1 sample)

Treatment

*STRUCTURE TYPE
Bulk termination with multilayer relaxation

: (Ix1)

: ( 1.000, 0.000)

¢ 0.000, 1.000)

COMMENTS

: electropolishing, etching, sputtering
and annealing

Crystallinity:

Anal.

methods:
Contamination: monitored by AES and ion scattering

DATA COLLECTION
Technique: HEIS

Dataset

<100> directions

STRUCTURES EXAMINED

Top two layer spacings varied from -10% to +10% from bulk; €D varied:

QUALITY OF EXPERIMENT-THEORY FIT

R=0.45 (see comments)

: angular and energy scans in the <101> and

R-factor defined as:

= 100*/(S((Ycalc-Yexpt)/Yexpt)?)/n, where n is the
number of data points, Yexpt the experimental energy of the
surface peak, and Ycalc the theoretical energy

THEORY/DATA TREATMENT

High energy ion scattering with computer simulations;
@D=149 K(surf), 215K(bulk)

105K, 149K, 215K

2D UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 2.880 0.000 0.000 4.090 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.880 0.000 0.000 4.090 90.0 1. 000 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 Bulk z = 1.440 A
Reg |Chem| At.| Cell| Site| Rel. Dx * ex Dy + ey Dz * ¢z Dz/Bz(%) * €z/Bz
ion | el.| no.|[ type| occ.| to
epir -2 f f A
subr -1 1.440 A 2.045 [} 1.440 A
intf| Ag 1 |b 1.00( O 0.000 f 0.000 f 0.000 A 0.0
intf| Ag 2 |b 1.00( 1 0.500 f 0.500 f 1.330 + .040 A 92.4 ¢ 2.8
intf| Ag 3 |b 1.00( 2 -0.500 f| -0.500 f 1.500 + .040 & 104.2 + 2.8
subl| Ag 4 |b 1.00f 3 0.500 f 0.500 f 1.440 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 3
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°
2.880 Ag1 Ag1(1,0) Ag2 59.5
2.833 Ag1 Ag2 Ag3 59.0
2.916 Ag2 Ag3 Agh 60.9
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COMMON NAME

CLASSIFICATION :

TECHNIQUE
AUTHORS
REFERENCE

: Ag(110)-(1x1)

47.16

: LEED
: J.R. Noonan and H.L. Davis
: Vacuum, 32, 107 (1982)

ATLAS OF SURFACE STRUCTURES 21

ILLUSTRATION: 4

SURFACE TYPE
Substrate

Crystal face:
Temperature :
Bulk lattice:
2D bulk symm:
2D surf symm:

: Ag

110
RT

fce
pmm
pmm

STRUCTURE TYPE

Adsorbate: Bulk termination with 6.6% top spacing contraction
Coverage :

Pattern : (1x1)

Matrix : ¢ 1.000, 0.000)

SAMPLE PREPARATION ¢ 1 sample)

Treatment

Crystallinity:
Anal. methods:

: spark erosion, lapping, electropolish,
sputter and anneal

¢ 0.000, 1.000)

COMMENTS

Averaging of symmetrically related beams and careful
variations of non-structural parameters enables an accuracy
of 0.02A to be achieved

Contamination: monitored by AES and LEED

DATA COLLECTIO

Technique: LEE
Dataset

N
D

10) (02) 11y (12) (2H

STRUCTURES EXAMINED

THEORY/DATA TREATMENT
Dynamical LEED (angular momentum basis): @D=190 K

: I-V curves: 7 symm.-averaged beams (01)

Top layer spacing varied; various atomic potentials tried, as well as several smooth
variations of Voi, with Vor constant

QUALITY OF EXPERIMENT-THEORY FIT

RZJ=0.098
2D UNIT CELLS ( 1 domain observed )
Cell AX (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 2.890 0.000 0.000 4.087 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
surface 1 2.890 0.000 0.000 4.087 90.0 ¢ 1.000, 0.000) | ¢1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 1.445 A
Reg jChem} At.] Cell| Site| Rel. Dx * ex Dy * ey Dz + ez Dz/Bz(%) %+ €z/Bz
jon | el. no.| type| occ.| to
epir -2 f f A
subr -1 -1.445 Al -2.044 A 1.445 A
intf| Ag T |b 1.00| O 0.000 f 0.000 f 0.000 A 0.0
intf| Ag 2 b 1.00] 1 0.500 f 0.500 f 1.349 ¢ .022 A 93.4 £ 1.5
subl| Ag 3 |b 1.00] 2 -0.500 f| -0.500 f 1.445 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 3
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.890 Agl Ag1(1,0) Ag2 59.5
2.843 Ag1l Ag2 Ag3 58.3
2.890 Ag2 Ag3
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COMMON NAME T Ag(110)-(1x1) ILLUSTRATION: &
CLASSIFICATION : 47.17
TECHNIQUE : MEIS
AUTHORS : E. Holub-Krappe, K. Horn, J.W.M. Frenken, R.L. Krans and
J.F. van der Veen
REFERENCE : Surf. Sci., 188, 335 (1987)
SURFACE_TYPE STRUCTURE TYPE
Substrate : Ag Adsorbate: Relaxations in top two interlayer spacings
Crystal face: 110 Coverage :
Temperature : RT Pattern : (1x1)
Bulk lattice: fcc Matrix : ¢ 1.000, 0.000)
2D bulk symm: pmm ¢ 0.000, 1.000)
2D surf symm: pmm
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : cycles of sputter/anneal with a base

pressure of 5E-9 Pa
Crystallinity: sharp (1x1) LEED pattern
Anal. methods:
Contamination: no impurities detected by AES and RBS

DATA COLLECTION THEORY/DATA TREATMENT
Technique: MEIS; 50.6 and 97.5keV proton beams Monte Carlo analysis in the shadowing and blocking
Dataset : blocking curves measured in (1,-1,1), geometry; @D=215 K, enhanced 65% and 12% in layers 1,2

(1,-1,0), and (0,0,1) scattering planes

STRUCTURES EXAMINED
Top two interlayer spacings varied

2D UNIT CELLS ¢ 1 domain observed )

cell Ax (R) Ay (b Bx (R) By (R) a (%) Matrix Pattern Cell type
Bulk 4.090 0.000 0.000 2.892 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 4,090 0.000 0.000 2.892 90.0 ( 1.000, 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 Bulk z = 1.446 &
Reg |Chem| At.| Cell| Site| Rel. Dx % ex Dy * ey Dz + ¢z Dz/Bz(%) t €z/Bz
ion | el.{ no.| type| occ.| to

epir -2 f f A

subr -1 2.045 A 1.446 A 1.446 A

intf| Ag 1 b 1.00] O 0.000 f 0.000 f 0.000 A 0.0

intf] Ag 2 |b 1.00; 1 0.500 f 0.500 f 1.309 + .030 & 90.5 + 2.1
intf} Ag 3 |b 1.00( 2 -0.500 f| -0.500 f 1.533 + .040 A 106.0 + 2.8
subl| Ag 4 b 1.001 3 0.500 f 0.500 f 1.446 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 4

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.892 Ag1 Ag1¢0,1)
2.826 Ag1 Ag2 Ag3 59.1
2.826 Agl Ag2 Agh 117.6
2.937 Ag2 Ag3 Agh 61.5
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COMMON NAME : Ag(110)-(1x1)

CLASSIFICATION : 47.19

TECHNIQUE s LEED

AUTHORS : M. Lindroos, C.J. Barnes, M. Valden and
REFERENCE : Surf. Sci., 218, 269 (1989)

23

ILLUSTRATION: 4

D.A. King

SURFACE TYPE

Substrate : Ag Adsorbate:

Crystal face: 110 Coverage :

Temperature : 100 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D bulk symm: pmm ¢ 0.000, 1.000)
2D surf symm: pmm

SAMPLE PREPARATION ( 1 sample)

Treatment : Ar+ sputtering with 900 K annealing
Crystallinity: surface within 1° of the [110] plane
Anal. methods:

Contamination: no contamination by AES

DATA COLLECTION

Technique: LEED

Dataset : I-V curves for 8 symmetrically
inequivalent beams; E range 50-250 eV

STRUCTURES EXAMINED
Variation of top &4 interlayer spacings; 7 R-factors used

QUALITY OF EXPERIMENT-THEORY FIT

STRUCTURE TYPE
Multilayer relaxations of (-7, +1,
fourth layer, with bulk termination

-2, 0%) to the

COMMENTS

THEORY/DATA TREATMENT
Dynamical LEED (Van Hove/Tong): 9 ph shs (Moruzzi et al);
Vor=-15 eV(then fit),Vvoi=-3.5ev;eD(bulk)=215 K, (surf)=150K

RPE=0.153
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R Bx (R) By (A) a (%) Matrix Pattern Cell type
Bulk 2.878 0.000 0.000 4.070 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.878 0.0600 0.000 4.070 90.0 1. 000 0.000) | ¢1x1) s1: commens.
¢ 0.000, 1.000) superlattice
3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 5 Bulk z = 1.445 A
Reg [Chem| At.| Cell| Site| Rel. Dx t ex Dy t ey Dz + ez Dz/Bz(%) t €z/Bz
ion | el. no.| type| occ.| to
epir -2 f f A
subr -1 1.439 A 2.035 A 1.439 A
intf| Ag 1 |b 1.00( O 0.000 f 0.000 f 0.000 & 0.0
intf| Ag 2 (b 1.00] 1 0.500 f 0.500 f 1.338 + .029 A 93.0+ 2.0
intf{ Ag 3 |b 1.00| 2 -0.500 f| -0.500 f 1.453 + .029 A 101.0 £+ 2.0
intf| Ag 4 |b 1.00] 3 0.500 f 0.500 f 1.410 £+ .029 A& 98.0 + 2.0
subl{ Ag 5 |b 1.001 4 -0.500 fi -0.500 f 1.439 & 029 A 100.0 = 2.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 5
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)

2.878 Ag1 Ag1(1,0)

2.829 Ag1l Ag2

2.791 Agl Ag3

2.885 Ag2 Ag3

2.863 Ag2 Agé
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COMMON NAME : Ag(100)-C2H4 disordered ILLUSTRATION: 74
CLASSIFICATION : 47.6.1.2

TECHNIQUE ¢ NEXAFS

AUTHORS : J. C. Tang, J. F. Shen and Y. B. Chen

REFERENCE : surf. Sci., 244, L125 (1991)

SURFACE_TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: C2H4 (ethylene) Intact molecular adsorption over 4-fold hollow site with
Crystal face: 100 Coverage : 0.1 ML C-C bond parallel to the [001) or [010] direction
Temperature : RT* Pattern : disordered

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: pé4m ¢ 0.000, 1.000)

2D surf symm: none

SAMPLE PREPARATION ( sample) COMMENTS

Treatment : Coverage assumed to be 0.1 ML for tabulation
Crystallinity:

Anal. methods:

Contamination:

DATA COLLECTION THEORY/DATA TREATMENT
Technique: NEXAFS Multiple-scattering cluster method of NEXAFS
Dataset :

STRUCTURES EXAMINED
Aligned-hollow, diagonal-hollow, aligned-top, diagonal-top aligned-bridge and perpendicular-bridge sites

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 2 domains observed )
Cell Ax (R) Ay (R) Bx (A) By (&) a (°) Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.006, 1.000)
Surface 1 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) | disordered nd1: non-recon.
( 0.000, 1.000) lattice-gas dis

3D COORDINATES

C1-C2: ethylene over 4-fold hollow site with C-C bond parallel to the [0011 or [010] direction

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 Bulk z = 2.043 A
Reg |Chem| At.| Cell} Site| Rel. Dx * ex Dy t ¢y Dz ¢ ez Dz/B2(%) t €z/Bz
ion | et.| no.| type| occ.| to

epir -2 f f A

subr -1 1.445 A 1.445 A 2.043 A

ovrl} C 1 |ndl 101 0 0.495 A 0.495 A 0.000 A 0.0

ovrl| C 2 |nd1 .10( 0 -0.495 Al -0.495 A 0.000 A 0.0

subl| Ag 3 |b 1.00} © 1.445 A 1.445 A 1.715 &+ .100 A 83.9 ¢+ 4.9
subl| Ag 4 |b 1.00| 0 0.000 A 0.000 A 3.758 A 183.9

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle

dist. A-B (A) A-B-C (°)
1.400 c1 c2
1.960 c1 Ag3
1.960 c2 Ag3
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COMMON NAME : Ag(100)-c(2x2)-Cl ILLUSTRATION: 28,29
CLASSIFICATION : 47.17.1

TECHNIQUE : LEED

AUTHORS : E. Zanazzi, F. Jona, D.W. Jepsen and P.M. Marcus

REFERENCE : Phys. Rev., Bl4, 432 (1976)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Cl Atomic adsorption in hollow sites

Crystal face: 100 Coverage : 0.5 Cl/Ag

Temperature : 300 K Pattern : c(2x2)

Bulk lattice: fcc Matrix : ( 1.000, 1.000)

2D bulk symm: p4m (-1.000, 1.000)

2D surf symm: phm

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : exposure to 100mtorr C2H4CL2 at 423 K Cf. R-factor analysis of same data: class. no. 47.17.3a
Crystallinity:

Anal. methods:
Contamination: monitored by AES and LEED

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED (layer KKR): 58 beams, 8 phase shifts
Dataset : I-V spectra: 15 inequivalent beams from 3 Vor=-10 eV; ms ampl=0.024A2(CLl), 0.012<(Ag)<0.048
inc. angles: ©=0°; ©=10°,¢=29.5°;
©=20°,¢=29.5°; 20<E<150 eV

STRUCTURES EXAMINED
Bridge and hollow sites; mixed buckled Cl-Ag overlayer; variable overlayer-Ag spacing in both cases;
relaxations of top Ag-Ag spacing of 10%

QUALITY OF EXPERIMENT-THEORY FIT

Visuat
2D UNIT CELLS ( 1 domain observed )
Cell Ax (A) Ay (A Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) [ (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.889 2.889 -2.889 2.889 90.0 ( 1.000, 1.000) | c(2x2) s1: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

Cl1: overlayer in hollow sites; 0.1& error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.043 &
Reg [Chem| At.! Cell| Site{ Rel. Dx * e€x Dy * ey Dz %t ez Dz/Bz(%) + €z/Bz
ion | el. no.| type| occ.| to

epir -2 f f A

subr -1 -1.445 Al -1.445 A 2.043 A

ovrl| ct 1 |s1 .50( 0 0.000 f 0.000 f 0.000 A 0.0

intf{ Ag 2 |b 1.00( 1 0.500 f 0.500 f 1.720 + .100 A 84.2 + 4.9
subl| Ag 3 |b 1.00] 2 -0.500 f{ -0.500 f 2.043 + 100 A 100.0 + 4.9

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (4) A-B-C (°)
2.671 clu Ag2 Ag2¢1,0) 122.8
2.671 cl1 Ag2 Ag3 85.1

2.889 Ag2 Ag3
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COMMON NAME : Ag(100)-c(2x2)-Cl ILLUSTRATION: 28,29
CLASSIFICATION : 47.17.3a

TECHNIQUE : LEED

AUTHORS : E. Zanazzi and F. Jona

REFERENCE : surf. Sci., 62, 61 (1977)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Cl Atomic adsorption in hollow sites

Crystal face: 100 Coverage : 0.5 Cl/Ag

Temperature : 300 K Pattern : c(2x2)

Bulk lattice: fcc Matrix : ¢ 1.000, 1.000)

2D bulk symm: p4m (-1.000, 1.000)

2D surf symm: p4m

SAMPLE PREPARATION ¢ 1 sampte) COMMENTS

Treatment : exposure to 100mtorr C2H4CL2 at 423 K Cf. visual analysis of same data: class. no. 47.17.1
Crystallinity:

Anal. methods:
Contamination: monitored by AES and LEED

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED (layer KKR): 58 beams, 8 phase shifts;
Dataset : I-V spectra: 4 beams at 6=0°, 9 beams at rms vibr=0.155A

©=10°,0$=29.5° 7 beams at 6=20°,$=29.5°

STRUCTURES EXAMINED
Hollow, bridge and top sites; mixed buckled Cl-Ag overlayer; variable overlayer-Ag spacing in both cases;
relaxations of top Ag-Ag spacing

QUALITY OF EXPERIMENT-THEORY FIT

RZ2J=0.14
2D UNIT CELLS (¢ 1 domain observed )
cell Ax (R) Ay (R) Bx (R) By (k) a (°) Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
. ( 0.000, 1.000)
Surface 1 2.889 2.889 -2.889 2.889 90.0 ( 1.000, 1.000) | c(2x2) s1: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

Cl1: overlayer in hollow sites; 0.1 error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.043 &
Reg |Chem| At.] Cell| Site] Rel. Dx t ex Dy % ey Dz * ez Dz/Bz(%) & €z/Bz
ion | el.| no.|[ type| occ.| to

epir -2 f f A

subr -1 -1.445 Al -1.445 A 2.043 A

ovrl| Cl 1 [s1 .50] 0 0.000 f 0.000 f 0.000 A 0.0

intf| Ag 2 b 1.00] 1 0.500 f 0.500 f 1.670 £+ .100 A 81.7+ 4.9
subl! Ag 3 |b 1.00] 2 -0.500 f| -0.500 f 2.043 + .100 & 100.0 + 4.9

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.639 ct1 Ag2 Ag2(¢1,0) 123.2
2.639 cl1 Ag2 - Ag3 84.3

2.889 Ag2 Ag3
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COMMON NAME : Ag(100)-c(2x2)-Cl ILLUSTRATION: 28,29
CLASSIFICATION : 47.17.4
TECHNIQUE : atom diffraction
AUTHORS : M.J. Cardillo, G.E. Becker, D.R. Hamann,J.A. Serri,L.
Whitman and L.F. Mattheiss
REFERENCE : Phys. Rev., B28, 494 (1983)
SURFACE TYPE STRUCTURE TYPE
Substrate : Ag Adsorbate: Cl Atomic adsorption in hollow sites
Crystal face: 100 Coverage : 0.5 Cl/Ag
Temperature : 250 K Pattern : c(2x2)
Bulk lattice: fcc Matrix : ( 1.000, 1.000)
2D bulk symm: p4m (-1.000, 1.000)
2D surf symm: p4m
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : Cl2 exposure at 300 K at 3.0E-7 torr Cl-Ag spacing derived from self-consistent electronic
for 270L structure: for each model, surface electron charge density
Crystallinity: evaluated using SLAPW method and used to determine He-
Anal. methods: surface potential corrugation

Contamination: monitored by AES, LEED, and He diffr.

DATA COLLECTION THEORY/DATA TREATMENT
Technique: atom diffraction He atom diffraction: fit of specular intensity scans calcu-
Dataset : plots of reduced scattered He beam lated from He-surface potential corrugation (see comments)

intensity as function of polar scattering
angle for ¢=0 and 45° azimuths

STRUCTURES EXAMINED
1. simple Cl overlayer on hollow sites (1A corrugation); 2. mixed Cl/Ag coplanar layer (<0.1& corrugation);
positions of the rainbow maxima in specular scans indicate corrugation of about 1 A

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell AX (R) Ay (R) BXx (R) By (&) a () Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.889 2.889 -2.889 2.889 90.0 ¢ 1.000, 1.000) | c(2x2) s1: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

Cl1: overlayer in hollow sites; 0.2& error bar assumed for tabulaticn

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.043 &
Reg |Chem| At.| Cell| Site| Rel. Dx * ex Dy t ey Dz * ¢z Dz/Bz(%) + €z/Bz
ion | el.{ no.| type| occ.| to

epir -2 f f A

subr -1 -1.445 Rl -1.445 A 2.043 A

ovrl| Cl 1 |s1 .50( O 0.000 f 0.000 f 0.000 A 0.0

intf| Ag 2 |b 1.00} 1 0.500 f 0.500 f 1.960 £+ .200 A 95.9 + 9.8
subl| Ag 3 |b 1.00| 2 -0.500 f| -0.500 f 2.043 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (4) A-B-C (°)
2.831 cu1 Ag2 Ag2¢1,0) 120.7
2.831 cl1 Ag2 Ag3 88.8

2.889 Ag2 Ag3
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COMMON NAME : Ag(100)-c(2x2)-Cl ILLUSTRATION: 28,29
CLASSIFICATION : 47.17.8
TECHNIQUE : SEXAFS
AUTHORS : G.M. Lamble, R.S. Brooks, J.C. Campuzano, D.A. King and D.
Norman
REFERENCE : Phys. Rev., B36, 1796 (1987)
SURFACE TYPE STRUCTURE_TYPE
Substrate : Ag Adsorbate: Cl Atomic adsorption in 4-fold hollow sites on unrelaxed
Crystal face: 100 Coverage : 0.5 Cli/Ag substrate
Temperature : RT Pattern : c(2x2)
Bulk lattice: fcc Matrix : ( 1.000, 1.000)
2D bulk symm: p4m (-1.000, 1.000)
20 surf symm: p4m
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : exposure to chlorine from an

electrotytic source
Crystallinity: checked by LEED
Anal. methods:
Contamination: monitored by AES

DATA COLLECTION THEORY/DATA TREATMENT
Technique: SEXAFS Fourier transform: correction for phase shifts optimized
Dataset : SEXAFS spectra: 2800<E<3200 eV (Cl edge); by fitting to EXAFS spectra for AgCl

photons at normal incidence only

2D UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (R) Bx (R) By (A) a (°) Matrix Pattern cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.889 2.889 -2.889 2.889 90.0 ¢ 1.000, 1.000) | c(2x2) s1: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

Cl1: overlayer in 4-fold hollow sites

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.043 &
Reg |[Chem| At.| Cell| Site| Rel. Dx + e€x Dy = ey Dz * ez Dz/Bz(%) + €z/Bz
ion { el.|{ no.| typej occ.} to
epir -2 f f A
subr -1 -1.445 A|  -1.445 A 2.043 A
ovrl] cl 1 |s1 .50] 0 0.000 f 0.000 f 0.000 A 0.0
intf| Ag 2 |b 1.00] 1 0.500 f 0.500 f 1.750 + .050 A 85.7+ 2.5
subl| Ag 3 |b 1.00| 2 -0.500 f| -0.500 f 2.043 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 3
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (k) A-B-C (°)
2.690 ci1 Ag2 cL1¢1,0) 98.8
2.690 cu1 Ag2 Ag3 85.6
2.889 Ag2 Ag2¢1,0)
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COMMON NAME

CLASSIFICATION : 47.17.9

TECHNIQUE
AUTHORS
REFERENCE

: SIMS
: Che-Chen Chang and N. Winograd
: Surf. Sci., 230, 27 (1990)

ATLAS OF SURFACE STRUCTURES

: Ag(100)-c(2x2)-Cl

29

ILLUSTRATION: 28,29

SURFACE TYPE
Substrate : Ag
Crystal face: 100
Temperature : RT
Bulk lattice: fcc
2D bulk symm: p4m
2D surf symm: p4m

SAMPLE PREPARATION ( 1 sample)

Treatment

Adsorbate: Cl

Coverage : 0.5 ML
Pattern : c(2x2)
Matrix : ¢ 1.000, 1.000)

5L cl2 at RT
Crystallinity: perfect LEED pattern

Anal. methods:
Contamination:

DATA COLLECTION
Technique: SIMS
Dataset

SIMS, LEED

(-1.000, 1.000)

scans in the [001] and [011] directions

scans with varying incident angles

QUALITY OF EXPERIMENT-THEORY FIT

: sputtering and annealing; exposure to

STRUCTURE _TYPE
Atomic adsorption in 4-fold hollow site

COMMENTS

THEQRY/DATA TREATMENT
Shadow-cone-enhanced desorption
channel ing-blocking

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax () Ay (b Bx (A) By (R) a (*) Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.889%9 2.889 -2.889 2.889 90.0 (¢ 1.000, 1.000) | c(2x2) s1: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

Cl1: atomic overlaYer in the 4-fold hollow site

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 2 Bulk z = 2.043 &
Reg |Chem| At.} Cell| Sitej Rel. Dx % ex Dy * ey Dz ez Dz/Bz(%) + €z/Bz
ion | el. no.| type( occ.| to
epir -2 f f A
subr -1 1.445 A 1.445 A 2.043 A
ovrl] Cl 1 st .50 0 0.000 A 0.000 A 0.000 A 0.0
subl| Ag 2 |b 1.00( O 1.445 A 1.445 A 1.608 + 040 A 78.7 + 2.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 1
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.600 cu Ag2
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COMMON NAME

TECHNIQUE
AUTHORS
REFERENCE

WATSON, VAN HOVE, AND HERMANN

: Ag(111)-(V3xy3)R30°-Cl
CLASSIFICATION : 47.17.5a
: SEXAFS

: G.M. Lamble, R.S. Brooks, S. Ferrer, D.A. King and D. Norman
: Phys. Rev., B34, 2975 (1986)

ILLUSTRATION: 22,24

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Cl Atomic adsorption in fcc hollow sites on unrelaxed substrate
Crystal face: 111 Coverage : 1/3 Cl/Ag

Temperature : 100 K Pattern : (4/3xy/3)R30°

Bulk lattice: fcc Matrix : (¢ 1.000, 1.000)

2D bulk symm: p3ml (-2.000, 1.000)

2D surf symm: p31m

SAMPLE PREPARATION ( 1 sample)
Treatment : dosed at room temperature with Cl from
electrolytic source

COMMENTS

Crystallinity:
Anal. methods:
Contamination: checked by AES and LEED

THEORY/DATA TREATMENT
EXAFS: phase shifts for Ag and Cl calculated from muffin-tin
potential; SEXAFS: full multishell calculation

DATA COLLECTION

Technique: SEXAFS

Dataset : spectra measured above Cl K edge at around
2820 eV; photon beam at normal incidence

STRUCTURES EXAMINED
Fcc hollow site: Cl-Ag spacing varied

2D UNIT CELLS ( 1 domain observed )

Cell Ax (A Ay (A) Bx (A) By (A) a (5) Matrix Pattern Cell type
Bulk 2.893 0.000 1.446 2.505 60.0 ¢ 1.000, 0.000) | (1x1) b: bulk tattice
( 0.000, 1.000)
Surface 1 4.339 2.505 -4.339 2.505 | 120.0 ¢ 1.000, 1.000) | (/3x/3)R30° s1: commens.
(-2.000, 1.000) superlattice
3D COORDINATES
Cl1: overlayer in fcc hollow sites

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.360 &
Reg [Chem| At.| Cell| Site| Rel. Dx = ex Dy t ey Dz + ez Dz/Bz(%) * e€z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.446 A 0.835 A 2.360 A
ovrl| Cl 1 |s1 331 0 0.000 f 0.000 f 0.000 A 0.0
intf| Ag 2 |b 1.00| 1 0.333 f 0.333 f 2.120 + .010 A 89.8 ¢ 4
subl| Ag 3 |b 1.00{ 2 0.333 f 0.333 f 2.360 A 100.0
BOND DISTANCES AND ANGLES
No. of distances/angles: 3
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (k) A-B-C (°
2.699 cu1 Ag2 Ag3 177.1
2.893 Ag2 Ag2(1,0)
2.891 Ag2 Ag3
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COMMON NAME ¢ Ag(111)-(/3x/3)R30°-2CL TLLUSTRATION: 22,24
CLASSIFICATION : 47.17.5b

TECHNIQUE : SEXAFS

AUTHORS : G.M. Lamble, R.S. Brooks, S. Ferrer, D.A. King and D. Norman

REFERENCE : Phys. Rev., B34, 2975 (1986)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Cl Atomic adsorption in fcc hollow sites on unrelaxed substrate
Crystal face: 111 Coverage : 2/3 Cl/Ag with 2 Cl per unit cell forming honeycomb lattice
Temperature : 100 K Pattern : (V3x/3)R30°

Bulk lattice: fcc Matrix : (¢ 1.000, 1.000)

2D bulk symm: p3mil (-2.000, 1.000)

2D surf symm: p31m

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : dosed at room temperature with Cl from

electrolytic source
Crystatlinity:
Anal. methods:
Contamination: checked by AES and LEED

DATA _COLLECTION THEORY/DATA TREATMENT
Technique: SEXAFS EXAFS: phase shifts for Ag and Cl calculated from muffin-tin
Dataset : spectra measured above Cl K edge at around potential; SEXAFS: full multishell calculation

2820 eV; photon beam at normal incidence

STRUCTURES EXAMINED
Fcc hollow sites (2 per cell): Cl-Ag spacing varied

2D UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (&) Bx (&) By (&) a (°) Matrix Pattern Cell type
Bulk 2.893 0.000 1.446 2.505 60.0 ¢ 1.000, 0.000) } (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 4.339 2.505 -4.339 2.505 | 120.0 ¢ 1.000, 1.000) { (/3x/3)R30° s%: commens.
(-2.000, 1.000) supertattice

3D COORDINATES

CL1-Cl2: honeycomb overlayer in fcc hollow sites

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 Bulk z = 2.360 &
Reg |Chem| At.| Cell| Site| Rel. Dx ¢ ex Dy % ey Dz + ez Dz/Bz(%) % €z/Bz
ion [ el.| no.| type]| occ.| to

epir -2 f f A

subr -1 1.446 A 0.835 A 2.360 A

ovrl{ Cl 1 181 3310 0.000 f 0.000 f 0.000 A 0.0

ovrl| Cl 2 |81 3311 0.333 f 0.667 f 0.000 A 0.0

intf| Ag 3 |b 1.00( 2 1.333 fl -0.667 f 2.120 + 010 A 89.8+ .4
sublj Ag 4 |b 1.00| 3 0.333 f 0.333 f 2.360 A 100.0

BOND DISTANCES AND ANGLES

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.699 cl1 Ag3 cl2¢o,-1) 64.8
2.893 Ag3 Ag3¢1,0)

2.891 Ag3 Agh
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COMMGON NAME : Ag(100)-(1x1)-3Co TILLUSTRATION: 83

CLASSIFICATION : 47.27.1

TECHNIQUE : ARXPS

AUTHORS : Hong Li and B.P. Tonner

REFERENCE : Phys. Rev., B40, 10241 (1989)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Co Co grows in the bct structure, with its [110] parallel to

Crystal face: 100 Coverage : 3 Co/(1x1) the [100] of the fcc Ag(100) lattice; May have high

Temperature : RT Pattern : (1x1) long-range disorder; but we here show ordered layers

Bulk lattice: fcc Matrix @ ( 1.000, 0.000)

2D bulk symm: p4m ( 0.000, 1.000)

2D surf symm: p4m

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment ! resistive heating of a 99.99-purity Fe ARXPS was used in the fingerprint mode to identify the
wire overlayer crystallography: no attempt was made to

Crystallinity: optimize structural parameters

Anal. methods: LEED; XPS; AES; quartz microbalance for
Contamination: <2% of C and O

DATA COLLECTION THEORY/DATA TREATMENT
Technique: ARXPS
Dataset : Co 2p polar intensity scans at two azimuths

2D UNIT CELLS ( 1 domain observed )

cell Ax (R) Ay (R) Bx (&) By (A) a (°) Matrix Pattern Cell type
Bulk 2.892 0.000 0.000 2.892 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.892 0.000 0.000 2.892 90.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Col1-Co3: 3 bct layers of Fe

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 Bulk z = 2.892 &
Reg |Chem! At.] Cell] Site| Rel. DX % ex Dy * ¢y Dz t+ ez Dz2/Bz(%) + €z2/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.446 A 1.446 A 2.045 &

ovrl| Co 1 [s1 1.00( O 0.000 f 0.000 f 0.000 A 0.0

ovrli Co 2 is1 1.00! 1 0.500 f 0.500 f 1.663 A 81.3

ovrl| Co 3 |st 1.00( 2 -0.500 f| -0.500 f 1.663 A 81.3

subl| Ag 4 b 1.00f 3 0.500 f 0.500 f 2.045 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.636 Col Co2 Co3 101.8
2.892 Col Co1(1,0) Cot(1,1) 90.0
2.892 Cco3 Ag1 Ag1(¢1,1) 45.0
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COMMON NAME : Ag(110)~(1x2) Cs-induced ILLUSTRATION: 5
CLASSIFICATION : 47.55.2

TECHNIQUE : LEED

AUTHORS : C.J. Barnes, M. Lindroos, D.J. Holmes and D.A. King

REFERENCE : Surf. Sci., 219, 143 (1989)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Cs Mesured (1x2) reconstructive phase transition due to
Crystal face: 110 Coverage : 0,16 Cs/1x1 0.16ML Cs adsorption; no Cs positions

Temperature : 100 K Pattern : (1x2) optimum (1x1) to (1x2) from 0.16ML Cs, anneal 550-600K
Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: pmm ( 0.000, 2.000)

2D surf symm: pmm

SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : Ar+ sputtering, anneal 800 K

Crystallinity: crystal <1° from (110) plane

Anal. methods:

Contamination:

DATA COLLECTION THEORY/DATA TREATMENT

Technique: LEED Dynamical LEED (layer doubling): 9 phase shifts from
Dataset : E range 50-250 eV Moruzzi et al potential; Voi=-3.5 eV

STRUCTURES EXAMINED
Tested paired row and buckled models: pairing 0-0.6A in 0.1A steps;
buckling 0-1.6& in 0.1A steps

QUALITY OF EXPERIMENT-THEORY FIT

RPE=0.29
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (R) a (°) Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 4,086 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.889 0.000 0.000 8.172 90.0 ( 1.000, 0.000) (1x2) s1: commens.
¢ 0.000, 2.000) superlattice

3D COORDINATES

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 6 Bulk z = 1.445 &
Reg [Chem| At.| Cell| Site| Rel. Dx + e€x Dy t+ ey Dz + €z Dz/Bz(%) + €z/Bz
ion | el.[ no.{ type| occ.| to

epir -2 f § i

subr -1 1.445 A 2.043 A 1.445 A

intf| Ag 1 Is1 .50{ 0 0.000 f 0.000 f 0.000 A 0.0

intf| Ag 2 s .50 1 0.500 f 0.262 + .012 f 1.280 + .100 A 88.6 + 6.9
intf{ Ag 3 |81 .50| 2 0.000 f| -0.524 + .012 f 0.000 A 0.0

intf| Ag 4 |81 .50| 3 -0.500 fl -0.238 + .012 f 1.460 £+ .100 A 101.1 &+ 6.9
intf| Ag 5 [s1 .50( 4 0.000 f 0.500 f 0.100 + .100 A 6.9+ 6.9
subl| Ag 6 |b 1.00 5 -0.500 f| -0.500 f 1.360 + .100 & 94.1 £ 6.9

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 5

Interatomic Atom A Atom B Atom C Bond angle
dist, A-B (A) A-B-C (°)
2.889 Agl Ag1(¢1,0)
2.884 Ag1 Ag2
2.840 Agl Ag5
2.828 Ag2 Agé4
3.019 Ag2 Ags
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COMMON NAME : Ag(111)-Cs 0.15ML disordered ILLUSTRATION: 22
CLASSIFICATION : 47.55.1a

TECHNIQUE : SEXAFS

AUTHORS : G.M. Lamble, R.S. Brooks, D.A. King and D. Norman

REFERENCE : Phys. Rev. Lett., 61, 1112 (1988)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Cs Atomic adsorption in 3-fold hollow site (fcc assumed here)
Crystal face: 111 Coverage : 0.15 Cs/Ag

Temperature : 120 X Pattern : disordered

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D butk symm: p3mi ¢ 0.000, 1.000)

2D surf symm: none

SAMPLE PREPARATION ¢ 1 sample) COMMENTS
Treatment : Cs evaporation at RT; coverage from AES Ay-Cs bond length coverage dependent (cf 0.3ML structure)
and saturation

Crystallinity:
Anal. methods:
Contamination: monitored by AES and LEED™

DATA COLLECTION THEORY/DATA TREATMENT
Technique: SEXAFS Comparison of Fourier filtered data and multishell curved
Dataset : SEXAFS total electron yield spectra for Cs wave calc; ph shs fit to EXAFS ph shs from CsBr and AgCl
L3 edge
QUALITY OF EXPERIMENT-THEORY FIT
Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (b Bx (&) By (R) a (°). Matrix Pattern Cell type
Bulk 2.887 0.000 1.443 2.500 60.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 4.330 2.500 -4.330 2.500 | 120.0 (1.0 00 0.000) | disordered nd1: non-recon.
¢ 0.0 1.000) lattice-gas dis

3D COORDINATES

Cs1: disordered overlayer in 3-fold hollow sites (here fcc hollow assumed)

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.360 A
Reg |Chem| At.| Cell] Site| Rel. Dx = ex Dy % ey Dz * ez Dz/Bz(%) + €z/Bz
ion | el. no.| type| occ.| to

epir -2 f f A

subr -1 1.443 A 0.833 A 2.360 A

ovrl| Cs 1 |nd?t 151 0 0.000 f 0.000 f 0.000 A 0.0

intf| Ag 2 |b 1.00 1 0.333 f 0.333 f 2.730 + .030 A 115.7 + 1.3
subl| Ag 3 |b 1.00] 2 0.333 f 0.333 f 2.360 A 100.0

BOND DISTANCES AND ANGLES

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
3.199 Cs1 Ag2 Cs1(1,0) 82.1
3.199 Cs1 Ag2 - Ag2(1,0) 116.8

2.887 Ag2 Ag2(1,0)
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COMMON NAME : Ag(111)-Cs 0.3ML disordered ILLUSTRATION: 22
CLASSIFICATION : 47.55.1b

TECHNIQUE : SEXAFS

AUTHORS : G.M. Lamble, R.S. Brooks, D.A. King and D. Norman

REFERENCE : Phys. Rev. Lett., 61, 1112 (1988)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate; Cs Atomic adsorption in 3-fold hollow site (fcc assumed here)
Crystal face: 111 Coverage : 0.3 Cs/Ag

Temperature : 120 K Pattern : disordered

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

20 butk symm: p3m1 ¢ 0.000, 1.000)

2D surf symm: none

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : Cs evaporation at RT; coverage from AES Ag-Cs bond length coverage dependent (cf 0.15ML structure)

and saturation
Crystallinity:
Anal. methods:
Contamination: monitored by AES and LEED

DATA COLLECTION THEORY/DATA TREATMENT

Technique: SEXAFS Comparison of Fourier filtered data and multishell curved

Dataset : SEXAFS total electron yield spectra for Cs wave calc; ph shs fit to EXAFS ph shs from CsBr and AgCl

L3 edge
QUALITY OF EXPERIMENT-THEORY FIT
Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (&) Bx (A) By (K) a (°) Matrix Pattern Cell type

Bulk 2.887 0.000 1.443 2.500 60.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)

Surface 1 4.330 2.500 -4.330 2.500 { 120.0 ¢ 1.000, 0.000) | disordered nd1: non-recon.
¢ 0.000, 1.000) lattice-gas dis

3D COORDINATES

Cs1: disordered overlayer in 3-fold hollow sites (here fcc hollow assumed)

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.360 &
Reg [Chem] At.| Cell| Site| Rel. Dx t e€x Dy % ey Dz + ¢z Dz/Bz(%) % €z2/Bz
ion | el. no.| type| occ.| to
epir -2 f f A
subr -1 1.443 A 0.833 A 2.360 A
ovrl| Cs 1 |ndl .30 0 0.000 f 0.000 f 0.000 A 0.0
intf| Ag 2 |b 1.00( 1 0.333 f 0.333 f 3.070 + .030 A 130.1 + 1.3
subl| Ag 3 |b 1.00] 2 0.333 f 0.333 f 2.360 A 100.0
BOND DISTANCES AND ANGLES
No. of distances/angles: 2
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
3.500 Cs1 Ag2
2.887 Ag2 Ag2¢1,0)
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COMMON NAME s Ag(100)-(1x1)-Cu multilayer ILLUSTRATION: 83
CLASSIFICATION : 47.29.3

TECHNIQUE : SEXAFS

AUTHORS : D.T. Jiang, E.D. Crozier and B. Heinrich

REFERENCE : Phys. Rev., B&4, 6401 (1991)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Cu About 8 epitaxial (1x1) monolayers, forming strained
Crystal face: 100 Coverage : 8 Cu/Ag fce Cu

Temperature : RT Pattern : (1x1)

Bulk tattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: pé4m ¢ 0.000, 1.000)

2D surf symm: p4m

SAMPLE _PREPARATION ( 3 sample) COMMENTS

Treatment : Cu film grown in MBE chamber Cu film is itself covered with 10ML Au film for transfer
Crystallinity: to SEXAFS chamber

Anal. methods: NEXAFS (XANES); coverage from AES
Contamination:

DATA COLLECTION THEORY/DATA TREATMENT
Technique: SEXAFS; glancing angle EXAFS at SSRL NEXAFS suggests bcc Cu structure; SEXAFS FT and curve-
Dataset : XAFS fluorescence spectra near incident fitting determine 1st and 2nd neighbor shell distances

critical angle of 6.8mrad

2D UNIT CELLS ( 1 domain observed )

Cell AX (A) Ay (b Bx (R) By (L) a (%) Matrix Pattern Cell type
Bulk 2.880 0.000 0.000 2.880 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.880 0.000 0.000 2.880 90.0 ¢ 1.000, 0.000) { ¢1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

coordinates are derived from bond distances

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: & Bulk z = 1.550 &
Reg [Chem| At.| Cell| Site| Rel. Dx + e€x Dy + ey Dz + ez Dz/Bz(%) * €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 -1.440 Al -1.440 A 1.550 A

intf| Cu 1 |b 1.00] O 0.000 f 0.000 f 0.000 A 0.0

intf] Cu 2 b 1.00| 1 0.500 f 0.500 f 1.550 + .020 A 100.0 + 1.3
intf| Cu 3 |b 1.00] 2 -0.500 f| -0.500 f 1.550 + .020 A 100.0 = 1.3
subl} Cu 4 ib 1.00; 3 0.500 f 0.500 f 1.550 + .020 & 100.0 + 1.3

BOND DISTANCES AND ANGLES

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (k) A-B-C (°)
2.880 cul Cul¢1,0) Cu2 55.8
2.559 Cut Cu2 Cu3 74.6
2.559 cu2 cu3 Cu 4.6
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COMMON NAME : Ag(100)-(1x1)-2Cu ILLUSTRATION: 83

CLASSIFICATION : 47.29.2a

TECHNIQUE : LEED

AUTHORS : H. Li, D. Tian, J. Quinn, Y.S. Li, F. Jona and P.M. Marcus

REFERENCE : Phys. Rev., B43, 6342 (1991)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Cu 2 to 3 epitaxial (1x1) monolayers, forming metastable

Crystal face: 100 Coverage : 2.0 Cu/Ag bee Cu

Temperature : RT Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: p4m ¢ 0.000, 1.000)

2D surf symm: p4m

SAMPLE PREPARATION ¢ 1 sample) COMMENTS

Treatment : Cu evaporated from Cu single crystal Limited amount of long-range order found: tabulated

Crystallinity: broad LEED beams, increased background structure refers to ordered part only; coverages measured

Anal. methods: ARPES; coverage from AES in layer-equivalents (i.e. giving equivalent AES signal

Contamination: monitored by AES as layer-by-layer growth); 2-layer model tabulated here;
-3-layer model gives slightly worse R-factors

DATA COLLECTION THEORY/DATA TREATMENT

Technique: LEED; video LEED Dynamical LEED (CHANGE code): Moruzzi et al pots, 8 ph shs;

Dataset : IV spectra for 3 beams at normal Vor=-10 eV, Voi=-4eV; rms vibs 0.156A&

incidence: (10),(11),(20); 50<E<280 eV

STRUCTURES EXAMINED
Fcc continuation; 1 to 4 monolayers and semi-infinite Cu with lateral Ag(100) lattice constant tried;
spacings varied: 'bulk’ Cu, Cu-Ag

QUALITY OF EXPERIMENT-THEORY FIT
RVHT=0.45, RPE=0.72, RZJ=0.25

2D UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) [ (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Cul-Cu2: 2 (1x1) epitaxial monolayers, continuing flattened Ag fcc lattice with bce-like strain

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: & Bulk z = 2.043 A
Reg |Chem| At.| Cell| Site| Rel. Dx % €x Dy t ey Dz + €2 Dz/Bz(%) * €z/Bz
jion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 -1.445 Al -1.445 A 2.043 A

ovrl| Cu 1 b 1.00] O 0.000 f 0.000 f 0.000 A 0.0

ovrl| Cu 2 (b 1.00| 1 0.500 f 0.500 f 1.450 + .060 A 71.0+ 2.9
intf| Ag 3 |b 1.00] 2 -0.500 f| -0.500 f 1.520 + .060 & 744 + 2.9
subl| Ag 4 b 1.00| 3 0.500 f 0.500 f 2.043 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.889 cul Cui(1,0) cu2 54.8
2.505 cul cu? Ag3 72.0
2.546 cu2 Ag3 Agh 81.7

J. Phys. Chem. Ref. Data, Monograph No. 5



38 WATSON, VAN HOVE, AND HERMANN

COMMON NAME : Ag(100)-(1x1)-5Fe (bcc)
CLASSIFICATION : 47.26.0a

TECHNIQUE : ARXPS

AUTHORS : Hong Li and B.P. Tonner
REFERENCE : Phys. Rev., B40, 10241 (1989)

ILLUSTRATION: 83

SURFACE TYPE

Substrate : Ag Adsorbate: Fe

Crystal face: 100 Coverage : 5 Fe/(1x1)
Temperature : RT Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D bulk symm: p4m ¢ 0.000, 1.000)

2D surf symm: pim

SAMPLE PREPARATION ( 1 sample)
Treatment : resistive heating of a 99.997-purity Fe
wire

Crystallinity:
Anal. methods: LEED; XPS$; AES; quartz microbalance for
Contamination: <2% of C and O

DATA COLLECTION

Technique: ARXPS

Dataset : Fe 2p3/2 polar intensity scans at two
azimuths

STRUCTURES EXAMINED
No structure optimization

2D UNIT CELLS

STRUCTURE TYPE

Fe grows in the bcc structure, with its [110] parallel to
the [100] of the fcc Ag(100) lattice; 2 and 3.5 MLs show
layer-by-layer growth and sharp (1x1) LEED patterns; at

5 ML, long-range order is lost, but the local bcc order is
preserved

COMMENTS

ARXPS was used in the fingerprint mode to identify the
overlayer crystallography: no attempt was made to
optimize structural parameters

THEORY/DATA TREATMENT

( 1 domain observed )

Cell Ax (R) Ay (&) Bx (&) By (&) @ (*) Matrix Pattern Cell type
Bulk 2.892 0.000 0.000 2.892 90.0 ¢ 1.000, 0.000) { (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.892 0.000 0.000 2.892 90.0 ¢ 1.000, 0.000) | ¢(1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Fel-fFe5: 5 bce layers of Fe

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 6

Bulk z = 2.892 &

Reg |Chem| At.| Cell| Site| Rel. Dx t e€x Dy * ey Dz + ez Dz/Bz(%) *+ €z/Bz
ion | el.| no.| type| occ.!| to

epir -2 f f i

subr -1 1.446 A 1.446 A 2.045 A

ovrl| Fe 1 |s1 1.00| O 0.000 f 0.000 f 0.000 A 0.0

ovrl| Fe 2 |s1 1.00¢ 1 0.500 f 0.500 f 1.446 A 70.7

ovrl| Fe 3 st 1.00| 2 -0.500 f{ -0.500 f 1.646 A 70.7

ovrl| Fe 4 |s 1.00( 3 0.500 f 0.500 f 1.446 A 70.7

ovrl| Fe 5 s 1.00} 4 -0.500 fi -0.500 f 1.446 A 70.7

subl| Ag 6 |b 1.00| 5 0.500 f 0.500 f 2.045 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°
2.505 Fel Fe2 Fe3 90.0
2.892 Fel Fe1(1,0) Fel(1,1) 90.0
2.892 Fe5 Agt Ag1(1, 1) 45.0
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: Ag(100)-(1x1)-Fe multilayer

: H. Li, Y.S. Li, J. Quinn, D. Tian, J. Sokolov, F. Jona and

COMMON NAME
CLASSIFICATION : 47.26.1
TECHNIQUE : LEED
AUTHORS
P.M. Marcus
REFERENCE : Phys. Rev., B42, 9195 (1990)

39

ILLUSTRATION: 83

SURFACE _TYPE
Substrate

: Ag

Adsorbate: Fe

Crystal face: 100 Coverage :
Temperature : RT Pattern
Bulk lattice: fcc Matrix

2D bulk symm: p4m

2D surf symm: p4m

SAMPLE PREPARATION ¢ 1 sample)
Treatment

Crystallinity:

Anal. methods: coverage from AES
Contamination: monitored by AES

ON

DATA COLLECTI
Technique: LEED; video LEED

Dataset

25 Fe/Ag

: (Ix1)

: ( 1.000, 0.000)
( 0.000, 1.000)

: IV spectra at normal incidence:

€10),¢11),(20),(21); 60<E<360 eV

STRUCTURES EXAMINED

STRUCTURE TYPE

About 25 epitaxial (1x1) monolayers, forming bct Fe
(slightly distorted from bcc)

COMMENTS

Bcc Fe structure cannot be excluded; it would imply
a 0.8% different lateral lattice constant from Ag(100),
a difference which LEED could not detect

THEORY/DATA TREATME

NT

Dynamical LEED

Semi-infinite Fe(100) with lateral Ag(100) lattice constant;
spacings varied: 'bulk' Fe, top two Fe-Fe

QUALITY OF EXPERIMENT-THEORY FIT

RZJ=0.16
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx () By (&) a (°) Matrix Pattern Cell type
Bulk 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.889 0.000 0.000 2.889 90.0 ¢ 1.000, 0.000) (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

1.42A bulk spacing was fit, keeping lateral Ag distance

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: & Bulk z = 1.420 &
Reg |Chem| At.| Cell| Site| Rel. Dx + e€x Dy % ¢y Dz : ez Dz/Bz(%) * €z/Bz
ion | el.i no.| type{ occ.| to
epir -2 f f A
subr -1 -1.445 Al -1.445 A 1.420 A
intf| Fe 1 (b 1.00; O 0.000 f 0.000 f 0.000 R 0.0
intf| Fe 2 |b 1.00] 1 0.500 f 0.500 f 1.450 &+ 030 A 102.1 ¢+ 2.1
intf| Fe 3 |b 1.00} 2 -0.500 f| -0.500 f 1.450 =+ .030 A 102.1 ¢+ 2.1
subl| Fe 4 |b 1.00| 3 0.500 f 0.500 f 1.420 + .030 & 100.0 + 2.1
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 3
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.889 Fel Fel¢1,0) Fel 54.8
2.505 Fel Fe2 Fe3 70.7
2.505 Fe2 Fe3 Fe4 70.2
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COMMON NAME : Ag(111)-(/3x/3)R30°-1

CLASSIFICATION : 47.53.1

TECHNIQUE : LEED

AUTHORS : F. Forstmann, W. Berndt and P. Buttner
REFERENCE : Phys. Rev. lLett., 30, 17 (1973)

WATSON, VAN HOVE, AND HERMANN

ILLUSTRATION: 22,24

SURFACE TYPE

Substrate : Ag Adsorbate: 1

Crystal face: 111 Coverage : 1/3 1/Ag
Temperature : RT* Pattern : (4/3x/3)R30°
Bulk lattice: fcc Matrix : ( 1.000, 1.000)
2D bulk symm: p3m1 (-1.000, 2.000)
2D surf symm: p31m

SAMPLE PREPARATION ( 1 sample)

Treatment : 20E-6 L exposure from 12 gas at RT
Crystallinity:

Anal. methods:

Contamination:

DATA COLLECTION

Technique: LEED; spot photometer and Faraday cup

Dataset : at least 3 independent beams at ©=8° in
[-2111 azimuth; E range 10-140 eV

STRUCTURES EXAMINED
Unrelaxed bulk; top, fcc-and hcp-hollow sites; variable I

QUALITY OF EXPERIMENT-THEORY FIT
Visual: moderate

2D UNIT CELLS (

STRUCTURE _TYPE
Atomic adsorption in 3-fold fcc hollow sites on unrelaxed
substrate

COMMENTS
For iodine, atomic, ionic and averaged phase shifts were
tried: atomic fit best

THEORY/DATA TREATMENT
Dynamical LEED (RFS): pots have HF Coulomb and SWW exchange;
Vor=-11 eV (fit), Voi=-4eV; empirical Debye-Waller factor

-Ag spacing

1 domain observed )

Cell Ax (R) Ay (R) Bx (R) By (&) a (°) Matrix Pattern Cell type
Bulk 2.889 0.000 1.445 2.502 60.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
surface 1 4.334 2.502 0.000 5.005 60.0 ¢ 1.000, 1.000) | (/3x/3)R30° s1: commens.
(-1.000, 2.000) superlattice
3D COORDINATES
11: overlayer in fcc hollow sites

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.359 A
Reg |Chem| At.| Cell! Site| Rel. Dx + ex Dy + ey Dz * €z Dz/Bz(%) + €2/B2
ifon | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.445 A 0.834 A 2.359 A
ovrl| 1 1 |s1 33| 0 0.000 f 0.000 f 0.000 A 0.0
intf| Ag 2 b 1.00] 1 0.333 f 0.333 f 2.250 + 174 A 95.4 £ 7.7
subl| Ag 3 |b 1.00] 2 0.333 f 0.333 f 2.359 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 3
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°
2.801 11 Ag2 Ag2(1,0) 121.1
2.801 11 Ag2 Ag3 180.0
2.889 Ag2 Ag2¢1,0)
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COMMON NAME : Ag(111)-(¥3x/3)R30°-1
CLASSIFICATION : 47.53.4

TECHNIQUE : LEED

AUTHORS : M. Maglietta, E. Zanazzi, U. Bardi, D.
Jona

REFERENCE : Surf. Sci., 123, 141 (1982)

ILLUSTRATION: 22,24

Sondericker and F.

SURFACE TYPE

Substrate : Ag Adsorbate: 1

Crystal face: 111 Coverage : 0.33 I/Ag
Temperature : RT Pattern : (V/3xJ/3)R30°
Bulk lattice: fcc Matrix : ( 1.000, 1.000)
20 bulk symm: p3m1i (-2.000, 1.000)

2D surf symm: p31m

SAMPLE PREPARATION ¢ 1 sample)

Treatment : exposure at 373-423 K to I vapor at
1E~2 torr, then annealed

Crystallinity:

Anal. methods:

Contamination: monitored by LEED and AES

DATA COLLECTION

Technique: LEED

Dataset : 1-V spectra: 3 beams at ©=0,¢=141.5°, 6
beams at ©=10,¢=141.5°, 5 beams at
0=30,¢=-38.5 °, 40<E<160 eV

STRUCTURES EXAMINED

STRUCTURE TYPE
Atomic adsorption mostly (55-75%) in fcc hollows, but also
in hep hollows (only fcc structure is tabulated here)

COMMENTS

Mixed fcc and hcp hollows is in disagreement with earlier
work of Forstmann et al, Phys. Rev. Lett. 30, 17 (1973),
which favored fcc hollows

THEORY/DATA TREATMENT
Dynamical LEED (CHANGE): 8 phase shifts; 93 beams;
Vor=-11 eV (best fit), Voi=-4eV, rms vibr ampl=0.164&

1) 3-fold fcc-hollow sites: 1-Ag spacing 2.15-2.354; 2) mixed Ag/! wurtzite type layer;
substitutional model: 1/3 top layer Ag sites occupied by I; domains of I in fce and hcp sites: concentration of fcc

domains varied from 55 to 100%

QUALITY OF EXPERIMENT-THEORY FIT

RZJ=0.22
2D UNIT CELLS ( 1 domain observed )
Celt AXx (R) Ay (A) Bx (R) By (&) a (°) Matrix Pattern Cell type
Bulk 2.887 0.000 1.443 2.500 60.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 4.330 2.500 -4.330 2.500 [ 120.0 ( 1.000, 1.000) | (vV3x/3)R30° s1: commens.
(-2.000, 1.000) superlattice

3D COORDINATES

I1: overlayer in fcc hollows (coexisting with I in hcp hollows, not tabulated here)

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3

Butk z = 2.360 A

Reg [Chem| At.]| Cell| Site] Rel. Dx % ex Dy * ¢y Dz * ez Dz/Bz(%) + €z/Bz
ion | el.| no.( type| occ.| to

epir -2 f f A

subr -1 1.443 A 0.833 A 2.360 A

ovrl} I 1 sl 331 0 0.000 f 0.000 f 0.000 A 0.0

intf| Ag 2 |b 1.00| 1 0.333 f 0.333 f 2.290 + 060 A 97.0 + 2.5
subl| Ag 3 |b 1.00| 2 0.333 f 0.333 f 2.360 + .060 A 100.0 + 2.5

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-8- °)
2.832 11 Ag2 Ag2(1,0) 120.6
2.832 11 Ag2 Ag3 180.0

2.889 Ag2 Ag3
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COMMON NAME T Ag(110)-(2x1)-0
CLASSIFICATION : 47.8.4

TECHNIQUE : SEXAFS

AUTHORS : A. Puschmann and J. Haase
REFERENCE : Surf. Sci., 144, 559 (1984)

ILLUSTRATION: 35

SURFACE TYPE

Substrate : Ag Adsorbate: 0

Crystal face: 110 Coverage : 0.5 O/Ag
Temperature : RT Pattern : (2x1)

Bulk lattice: fcc Matrix : ( 2.000, 0.0
2D bulk symm: pmm ¢ 0.000, 1.0

2D surf symm: pmm

SAMPLE PREPARATION ( 1 sample)
Treatment : oxygen exposure at RT and pressures
<1.0E-9 torr

Crystallinity:
Anal. methods:
Contamination: 2000L gave sharp (2x1) LEED pattern

DATA COLLECTION

Technique: SEXAFS; oxygen K-edge SEXAFS

Dataset : SEXAFS spectra (500-800 eV photons) for
E-vector parallel to {1101, and for E
parallel to [100]

STRUCTURES EXAMINED

STRUCTURE TYPE

Atomic adsorption in long-bridge sites (short-bridge sites

w.r.t. 2nd Ag layer

00)
00)

COMMENTS

)

Use made of the effective coordination number of the central
atom by the scatterers, determined from SEXAFS amplitude;
bulk coordination for substrate was assumed

THEORY/DATA TREATMENT

Fourier transform, using polar and azimuthal dependence of

signal

Long-bridge site, 2-fold and 3-fold hollow sites, short-bridge site with 0 above or below top Ag plane

20 UNIT CELLS ( 1 domain observed )
cell Ax (R) Ay (R) Bx (&) By (&) a (°5 Matrix Pattern Cell type
Bulk 2.890 0.000 0.000 4.090 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 5.780 0.000 0.000 4.090 90.0 ( 2.000, 0.000) | (2x1) s1: commens.
( 0.000, 1.000) superlattice

3

D COORDINATES

01: overlayer in long-bridge site, bonding to 2 Ag atoms in 1st Ag layer, and to 2 Ag atoms in 2nd Ag layer;

0.1% error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3

Bulk z = 1.445 &

Reg [Chem| At.| Cell| Site| Rel. Dx ¢ e€x Dy * ey Dz * ez Dz/Bz(%) + €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.445 Al -2.045 A 1.445 A
ovrl| O 1 sl .50 0 0.000 f 0.000 f 0.000 A 0.0
intf{ Ag 2 |b 1.00| 1 0.000 f 0.500 f 0.200 + .100 & 13.8 ¢ 6.9
subl| Ag 3 |b 1.00] 2 0.500 f| -0.500 f 1.445 A 100.0
BOND DISTANCES AND ANGLES
No. of distances/angles: 3
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°
2.055 01 Ag2 01¢0,1) 168.8
2.190 01 Ag3 Ag3(1,0) 131.3
2.891 Ag2 Ag3
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COMMON NAME : Ag(100)-c(2x2)-Se TLLUSTRATION: 28,29

CLASSIFICATION : 47.34.1

TECHNIQUE : LEED

AUTHORS : A. Ignatiev, F. Jona, D.W. Jepsen and P.M. Marcus

REFERENCE : Surf. Sci., 40, 439 (1973)

SURFACE TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Se Atomic adsorption in hollow sites

Crystal face: 100 Coverage : 0.5 Se/Ag

Temperature : RT Pattern : c(2x2)

Bulk lattice: fcc Matrix : ( 1.000, 1.000)

2D bulk symm: p4m (-1.000, 1.000)

2D surf symm: p4m

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : Se source Was a pre-evacuated pyrex vial Good agreement obtained between theory and experiment with

Crystallinity: the integral order spectra for 4-fold hollow site; agreement

Anal. methods: was not good for any of the models tested for the fractional

Contamination: monitored by LEED order beams; work was reported to be in progress for testing
a mixed Se-Ag layer model

DATA COLLECTION THEORY/DATA TREATMENT

Technique: LEED Dynamical LEED (layer KKR): 8 phase shifts, 56 beams

Dataset : I-V curves: (0,0), (1,0), and (0.5,0.5) eD=150 K(Se), 215K(Ag)

beams at ©=5°, ¢=0 and 90°

STRUCTURES EXAMINED
Hollow, top and bridge sites; Se-Ag spacing varied between 1.1 and 2.6A

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R Bx (R) By (A a (°) Matrix Pattern Cell type
Bulk 2.892 0.000 0.000 2.892 90.0 ¢ 1.000, 0.000) | ¢(1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.892 2.892 -2.892 2.892 90.0 ¢ 1.000, 1.000) | c(2x2) st: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

Sel: overlayer in hollow sites

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.045 &
Reg {Chem| At.{ Cell| Site| Rel. Dx t €x Dy % ey Dz *+ €2 Dz/Bz(%) *+ €z/Bz
ion | el. no.| type| occ.| to

epir -2 f f A

subr -1 -1.446 Al -1.446 A 2.045 A

ovrl| Se 1 [s1 .50( 0 0.000 f 0.000 f 0.000 R 0.0

intf| Ag 2 |b 1.00) 1 0.500 f 0.500 f 1.910 £ .040 A 93.4 + 2.0
subl| Ag 3 |b 1.00| 2 -0.500 f| -~0.500 f 2.045 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 3

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-8-C (°)
2.798 Sel Ag2 Ag2¢1,0) 121.1
2.798 Sel Ag2 Ag3 88.1

2.892 Ag2 Ag3
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COMMON NAME : Ag(111)-Xe incommensurate
CLASSIFICATION : 47.54.1

TECHNIQUE : LEED

AUTHORS : P.I. Cohen, J. Unguris and M.B. Webb
REFERENCE : Surf. Sci., 58, 429 (1976)

ILLUSTRATION: 82

SURFACE TYPE

Substrate : Ag Adsorbate: Xe

crystal face: 111 Coverage : 0.42 (Xe/Ag)
Temperature : 25 K Pattern : incommensurate
Bulk lattice: fcc Matrix : ( 1.542, 0.000)
2D bulk symm: p3mi ¢ 0.000, 1.542)

2D surf symm: none

SAMPLE PREPARATION ¢ 1 sample)
Treatment : Xe admitted at 25 K until sharp
diffraction ring appeared

Crystallinity:
Anal. methods:
Contamination: diffuse scattering: <0.002ML impurities

DATA COLLECTION

Technique: LEED

Dataset : I-k curves: (00) beam at 10 polar angles,
E range 40-380 eV

STRUCTURES EXAMINED
Variation of Xe-Ag spacing, assuming no buckling

2D UNIT CELLS

STRUCTURE_TYPE

Atomic physisorption in dense incommensurate hexagonal
monolayer with variable overlayer lattice orientation;
Xe 2D lattice constant 4.44:0.01A; monolayer assumed
planar

COMMENTS

THEORY/DATA TREATMENT

Kinematic LEED (constant momentum transfer averaging and
Fourier transform): ms vibr. ampl.=0.004575A?

( 0 domain observed )

Celt Ax (R) Ay (R) Bx (R) By (&) a (°) Matrix Pattern Cell type
Bulk 2.880 0.000 -1.440 2.494 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 4,440 0.000 -2.220 3.845 | 120.0 ¢ 1. 542 0.000) | incommensurate it: incomm.
( 0.000, 1.542) superlattice

3D COORDINATES

Xel: incommensurate overlayer; 0.1& error bar assumed for tabulation

Dx/Dy in &, or as a fraction of lLayer's unit cell vectors;

No. of atoms: 3

atom 0 at the origin. Epir/subr are bulk repeat vectors.

Bulk z = 2.350 &

Reg |Chem| At.| Cell| Site| Ret. Dx * ex Dy ¢ ey Dz * ez Dz/Bz(%) + €z/Bz
ion | el.] no.j type]| occ.] to

epir -2 f f A

subr -1 1.440 A 0.831 A 2.350 A

ovrl| Xe 1 i1 427 0 0.000 f 0.000 f 0.000 A 0.0

intf| Ag 2 |b 1.00( 1 0.000 f 0.000 f 3.500 ¢ .100 A 148.9 + 4.3
subl| Ag 3 |b 1.00; 2 0.667 f 0.333 f 2.350 A 100.0
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COMMON NAME : Ag(111)-Xe incommensurate TLLUSTRATION: 82
CLASSIFICATION : 47.54.2

TECHNIQUE : LEED

AUTHORS : N. Stoner, M.A. Van Hove, S.Y. Tong and M.B. Webb

REFERENCE : Phys. Rev. Lett., 40, 243 (1978)

SURFACE_TYPE STRUCTURE TYPE

Substrate : Ag Adsorbate: Xe Atomic physisorption in dense incommensurate hexagonal
Crystal face: 111 Coverage : 0.42 (Xe/Ag) monolayer with variable overlayer lattice orientation;
Temperature : 25 K Pattern : incommensurate Xe 2D lattice constant 4.44:0.01A; monolayer assumed
Bulk tattice: fcc Matrix : ( 1.542, 0.000) planar

2D bulk symm: p3m1 ¢ 0.000, 1.542)

2D surf symm: none

SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : Xe admitted at 25 K until sharp
diffraction ring appeared

Crystallinity:
Anal. methods:
Contamination: diffuse scattering: <0.002ML impurities

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED: RFS for substrate, special perturbation
Dataset : I-V curves method for substrate-adsorbate region

STRUCTURES EXAMINED
Xe-Ag spacing varied

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( O domain observed )
Cell Ax (R) Ay (&) Bx (R) By (A) a (%) Matrix Pattern Cell type
Bulk 2.880 0.000 -1.440 2.494 | 120.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 4.440 0.000 -2.220 3.845 | 120.0 ( 1.542, 0.000) | incommensurate i1: incomm.
( 0.000, 1.542) superlattice

3D COORDINATES

Xel: incommensurate overlayer

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom O at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.360 &
Reg {Chem| At.| Cell| Site| Rel. Dx % ex Dy * ey Dz + ez Dz/Bz(%) t+ €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.440 A 0.831 A 2.360 A

ovrl| Xe 1 li1 .42] 0 0.000 f 0.000 f 0.000 A 0.0

intf| Ag 2 |b 1.00( 1 0.000 f 0.000 f 3.550 £+ .100 A 150.4 ¢+ 4.2
subl | Ag 3 |b 1.00( 2 0.667 f 0.333 f 2.360 A 100.0
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COMMON NAME : AgBr(100)-(1x1) TLLUSTRATION: 149
CLASSIFICATION : 47.35.2a
TECHNIQUE : SEXAFS
AUTHORS : P. Tangyunyong, T.N. Rhodin, Y.T. Tan and K.J. Lushington
REFERENCE : Surf. Sci., 255, 259 (1991)
SURFACE TYPE STRUCTURE_TYPE
Substrate : AgBr Adsorbate: Unreconstructed bulk-like termination without
Crystal face: 100 Coverage : layer relaxation
Temperature : 30 K Pattern : (1x1)
Bulk lattice: NaCl Matrix : ( 1.000, 0.000)
2D bulk symm: p4m ( 0.000, 1.000)
2D surf symm: p4m
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : sheet crystals grown with a
gradient-growth technique
Crystallinity:
Anal. methods:
Contamination:
DATA COLLECTION THEORY/DATA TREATMENT
Technique: SEXAFS Fourier filtering and multishell curve-fitting
Dataset : SEXAFS data taken at Ag and Br adsorption
edges at x-ray total external reflection
condition
STRUCTURES EXAMINED
No contractions in the first- and second nearest-neighbor distances were observed for both Br and Ag
2D UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (R) Bx (R) By (A) a (%) Matrix Pattern Cell type

Bulk 4.083 0.000 0.000 4,083 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢( 0.006, 1.000)
Surface 1 4.083 0.000 0.000 4.083 90.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Ag1-Br2: non-buckled top layer; Ag3-Br4: periodically repeating bulk layers;

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: & Bulk z = 2.887 A
Reg {Chem; At.| Cell| Site] Rel. DX = €x Dy * ey Dz 2 ez Dz/Bz(%) * €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 2.042 A 2.042 A 2.887 A

intf{ Ag 1 |[b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0

intf| Br 2 |b 1.00] 1 0.500 f 0.500 f 0.000 A 0.0

subl| Ag 3 ib 1.00| 2 0.000 f 0.000 f 2.887 + .010 & 100.0 = .3
subl| Br 4 |b 1.00| 3 0.500 f 0.500 f 0.000 + .010 A 0.0z .3

BOND DISTANCES AND ANGLES

No. of distances/angles: 4

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°
2.887 Ag1 Br2 Ag1(1,1) 180.0
2.887 Ag1 Br4 Ag3 90.0
2.887 Br2 Ag3 Br4¢1,1) 90.0
2.887 Ag3 Br&(1,1) Ag1¢1,1) 90.0
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COMMON NAME 1 AgBr(111)-(2x1)

CLASSIFICATION : 47.35.2b

TECHNIQUE : SEXAFS

AUTHORS : P. Tangyunyong, T.N. Rhodin, Y.T. Tan and K.J. Lushington
REFERENCE : Surf. Sci., 255, 259 (1991)

47

[LLUSTRATION: 151

SURFACE TYPE

Substrate : AgBr Adsorbate:

Crystal face: 111 Coverage :

Temperature : 30 K Pattern : (2x1)

Bulk lattice: NaCl Matrix : ( 2.000, 0.000)

2D bulk symm: p3m1
2D surf symm: pm

¢ 0.000, 1.000)

SAMPLE PREPARATION ( 1 sample)

Treatment : sheet crystals grown with a
gradient-growth technique

Crystallinity:

Anal. methods:

Contamination:

DATA COLLECTION

Technique: SEXAFS

Dataset : SEXAFS data taken at Ag and Br adsorption
edges at x-ray total external reflection
condition

STRUCTURES EXAMINED

STRUCTURE TYPE
Ag-terminated surface with (2x1) reconstruction:
every second row of Ag ions is missing in the top
layer; first three interlayer spacings are contracted

COMMENTS

THEORY/DATA TREATMENT

Fourier filtering and multishell curve-fitting methods

Measured contractions in the nearest-neighbor Ag-Br and next-nearest-neighbor Ag-Ag and Br-Br distances
were compared with those of two surface reconstructions predicted by theoretical calculation: alternate row

model with Ag in the top layer agrees best with the data

2D UNIT CELLS

( 3 domains observed )

Cell Ax (R) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 4.083 0.000 2.042 3.536 60.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
: ¢ 0.000, 1.000)
Surface 1 8.166 0.000 2.042 3.536 60.0 ( 2.000, 0.000) | (2x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Agl: rows in top layer with every other row missing; Br2: second hexagonal close packed layer;

Ag3-Br4: periodically repeating bulk pair of layers

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 6 Bulk z = 3.334 A
Reg [Chem| At.| Cell| Site| Rel. Dx * €x Dy % ey Dz + ez Dz/Bz(%) & €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 2.042 A 1.179 A 3.334 A
intf| Ag 1 |s1 .50f 0 0.000 f 0.000 f 0.000 A 0.0
intf| Br 2 (b 1.00] 1 0.667 f 0.667 f 1.632 £+ .015 & 49.0 ¢ 5
intf{ Ag 3 |b 1.00§ 2 -0.333 fl -0.333 f 1.650 + ,015 & 49.5 ¢ 5
intf| Br 4 b 1.00] 3 -0.333 fl -0.333 f 1.650 + .015 A 49.5 5
subl| Ag 5 |b 1.00( 4 0.667 f 0.667 f 1.667 A 50.0
subl | Br 6 |b 1.00( 5 -0.333 f| -0.333 f 1.667 A 50.0
BOND DISTANCES AND ANGLES
No. of distances/angles: 7
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.867 Ag1 Br2¢0,-1) Ag3 89.4
2.867 Br2 Ag1(1, 1) Br2(¢1,0) 90.8
2.877 Br2 Ag3 Br2(0,-1) 90.4
2.878 Ag3 Br2(¢0,-1) Ag1 89.4
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AgBr¢111)-(2x1)

WATSON, VAN HOVE, AND HERMANN

47.35.2b Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.877 Ag3 Bré Ag3(0,-1) 90.4
2.887 Ag5 Bré¢1,1) Ag3(1, 1) 180.0
2.887 Ag5 Bré Ag1(1,0) 60.0
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COMMON NAME s ALC100)-(1x1) TLLUSTRATION: 2
CLASSIFICATION : 13.15a

TECHNIQUE s LEED

AUTHORS : M.A. Van Hove, S.Y. Tong and N. Stoner

REFERENCE : Surf. Sci., 54, 259 (1976)

SURFACE TYPE STRUCTURE TYPE

Substrate : Al Adsorbate: Unrelaxed bulk termination
Crystal face: 100 Coverage :

Temperature : 110 K pPattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: p4m ¢( 0.000, 1.000)

2D surf symm: p4m

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : mech. polishing, then electropolishing

and Xe sputtering
Crystallinity: sharp LEED pattern
Anal. methods: AES
Contamination: AES: <0.5% ML O

DATA COLLECTION THECRY/DATA TREATMENT
Technique: LEED; spot photometer Dynamical LEED (RFS): Snow self consistent potential;
Dataset : Vor=-7.5 eV, Voi=-4.1eV; ©D=356 K

STRUCTURES EXAMINED
Top spacing varied from 1.725 to 2.2254 in 0.1A steps

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 0.000 2.860 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
surface 1 2.860 0.000 0.000 2.860 90.0 ( 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 2 Bulk z = 2.025 &
Reg |Chem| At.! Cell] Site| Rel. Dx * e€x Dy = ey Dz + €2 Dz/Bz(%) t €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.430 A 1.430 A 2.025 A
intf] Al 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0
subl| Al 2 |b 1.00} 1 0.500 f 0.500 f 2.025 + 100 A 100.0 + 4.9
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 2
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.860 Al1 AlL1(1,0)
2.862 At1 AlL2
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COMMON NAME : ALC100)-(1x1)

CLASSIFICATION : 13.16a

TECHNIQUE : LEED

AUTHORS ¢ Groupe d'Etude des Surfaces (Grenoble)
REFERENCE : surf. Sci., 62, 567 (1977)

WATSON, VAN HOVE, AND HERMANN

ILLUSTRATION: 2

SURFACE TYPE

Substrate : Al Adsorbate:

Crystal face: 100 Coverage :

Temperature : 293 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: p4m
2D surf symm: p4m

( 0.000, 1.000)

SAMPLE PREPARATION ( 1 sample)

Treatment : crystal spark cut and given several
hours Ar+ bombardment

Crystallinity: sharp LEED spots

Anal. methods:

Contamination: AES

DATA COLLECTION

Technique: LEED

Dataset IV curves for (00) beam for a range of
angles and primary beam energies of 10 to
190 ev

STRUCTURES EXAMINED
Only truncated bulk

QUALITY OF EXPERIMENT-THEORY FIT

STRUCTURE TYPE
Unrelaxed bulk termination

COMMENTS

Voi was found to be energy dependent, decreasing from
Voi=-3.4 eV at 10eV to Voi=-5eV at 120eV primary beam
energy; best fit for Vor=-12+2 ev

THEORY/DATA TREATMENT
Dyn. LEED (intralayer m/s treated exactly, interlayer m/s
assumes 00 beam dominates forward scattering): €0 = 380 X

Visual
20 UNIT CELLS ( 1 domain observed )
cell Ax (B Ay (B Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 0.000 2.860 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( G.000, 1.000)
Surface 1 2.860 0.000 0.000 2.860 90.0 ( 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice
3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors

; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 2 Bulk z = 2.022 &
Reg |Chem| At.| Cell]| Site| Rel. Dx * e&x Dy * ey Dz + €z Dz/Bz(%) * €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.430 A 1.430 A 2.022 A
intf| Al 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0
subl| Al 2 |b 1.00{ 1 0.500 f 0.500 f 2.022 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 2
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B- e
2.860 Al AlL1¢1,0)
2.860 AL Al2
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COMMON NAME : ALC100)-(1x1)
CLASSIFICATION : 13.26
TECHNIQUE : MEED

AUTHORS

REFERENCE

ATLAS OF SURFACE STRUCTURES

51

ILLUSTRATION: 2

: N. Masud, R. Baudoing, D. Aberdam and C. Gaubert
: Surf. Sci., 133, 580 (1983)

SURFACE TYPE

Substrate : Al Adsorbate:

Crystal face: 100 Coverage :

Temperature : 77 K Pattern : (1x1)

Bulk lattice: fcc Matrix : (¢ 1.000, 0.000)
2D bulk symm: p4m ( 0.000, 1.000)
2D surf symm: p4m

SAMPLE PREPARATION ( 1 sample)

Treatment

Crystallinity:
Anal. methods:
Contamination:

DATA COLLECTION
Technique: MEED
Dataset

range

STRUCTURES EXAMIN

40-82°

ED

: rot. diagram at 980 eV; ¢ range 0-45°; ©

STRUCTURE TYPE
Bulk termination with possible slight top contraction

COMMENTS

Vor small because exchange potential is small at high
energies

R-factor: mean square deviation of the peak energies
in theory and experiment, averaged over 50 spectra

THEORY/DATA TREATMENT
MEED (chain method with full mult. scattering in the layers,
RFS between layers); 17 phase shifts; Vor=-5 eV, Voi=-3 eV

Top spacing relaxations of +10% +5% 0% -5% -10%, interpolated to best fit of -1.5%

QUALITY OF EXPERIMENT-THEORY FIT

See comments

2D UNIT CELLS ¢

1 domain observed )

Cell Ax (R) Ay (R) Bx (A) By (k) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 0.000 2.860 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.860 0.000 0.000 2.860 90.0 ¢ 1.000, 0.000) | (1x1 s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

0.1& error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.022 &
Reg |Chem| At.| Cell| Site| Rel. Dx % e€x Dy t ¢y Dz + ez Dz/Bz(%) *+ €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 -1.430 Al -1.430 A 2.022 A
intf| Al 1 |b 1.00| O 0.000 f 0.000 f 0.000 A 0.0
intf| Al 2 |b 1.00] 1 0.500 f 0.500 f 2.052 + .100 & 101.5+ 5.0
subl| Al 3 |b 1.00( 2 -0.500 f| -0.500 f 2.022 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 4
Interatomic Atom A Atom B Atom C Bond angl
dist. A-B (&) A-B-C (°
2.860 Al AlL1(1,0) Al2 60.2
2.881 Al1 Al2 AlL1¢1,0) 59.5
2.881 Al1 Al2 Al2¢1,0) 119.8
2.860 AL2 AL3 Al2¢0,-1) 60.0

J. Phys. Chem. Ref. Data, Monograph No. 5



(110)-(1x1)
.16b

62

COMMON NAME : Al
CLASSIFICATION : 13
TECHNIQUE : LEED
AUTHORS

REFERENCE

WATSON, VAN HOVE, AND HERMANN

: Groupe d'Etude des Surfaces (Grenoble)
: Surf. Sci., 62, 567 (1977)

ILLUSTRATION: 4

SURFACE TYPE

Substrate : Al
Crystal face: 110
Temperature : 293 K

Bulk lattice: fcc
2D bulk symm: pmm
2D surf symm: pmm

SAMPLE PREPARATION
Treatment

Adsor
Cover
Patte

Matrix

( 1 sample)

bate:

age :

rn : (1x1)

: ¢ 1.000, 0.0
( 0.000, 1.0

: crystal spark cut and given several

hours Ar+ bombardment

Crystallinity: shar
Anat. methods:
Contamination: AES

DATA COLLECTION
Technique: LEED
Dataset

p LEED spots

: I-V curves for (00) beam for a range of

angles; E-range 10-190 eV

STRUCTURES EXAMINED

Contraction of outermost layer only by 0-15%

QUALITY OF EXPERIME

NT-THEORY FIT

Visual

00)
00)

STRUCTURE TYPE
Relaxed bulk termination

COMMENTS

Standard LEED parameters,but Voi fit: Voi found E-dependent,
decreasing from -3.4 eV at 10eV to Voi=-5eV at 120eV;

best fit Vor=-12:2 eV;

random surface steps in theory markedly improve fit

THEORY/DATA TREATMENTY
Dyn. LEED (intralayer m/s treated exactly, interlayer m/s
assumes 00 beam dominates forward scattering): €D=380 K

20 UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (R) Bx (&) By (R) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 0.000 4,044 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.860 0.000 0.000 4.044 90.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

0.14 error bars assumed for tabulation

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 1.430 &
Reg |Chem| At.| Cell| Site| Rel. Dx * €x Dy % ey Dz t ez Dz/Bz(%) ¢t €z/Bz
ion | el.{ no.{ type| occ.| to
epir -2 f f A
subr -1 1.430 A 2.022 A 1.430 A
intf{ Al 1 (b 1.00{ 0 0.000 f 0.000 f 0.000 A 0.0
intf| At 2 |b 1.00( 1 0.500 f 0.500 f 1.300 + 100 A 90.9 + 7.0
subl| Al 3 ib 1.00{ 2 -0.500 f! -0.500 f 1.430 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 5
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°
2.860 Al AL1(1,0) Al2 59.3
2.797 ALY Al2 AlL1(1,0) 61.5
2.797 ALY AL2 AL3 57.7
2.730 Al Al3 AlL2 60.0
2.860 Al2 AL3(CY, 1) AL2¢1,0) 60.0
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ATLAS OF SURFACE STRUCTURES 53

COMMON NAME s ALC110)-(1x1) ILLUSTRATION: 4
CLASSIFICATION : 13.25
TECHNIQUE : LEED
AUTHORS : J.N. Andersen, H.B. Nielsen, L. Petersen and D.L. Adams
REFERENCE : J. Phys., C17, 173 (1984)
SURFACE TYPE STRUCTURE TYPE
Substrate : Al Adsorbate: Bulk termination with multilayer relaxation
Crystal face: 110 Coverage :
Temperature : 100 K Pattern : (1x1)
Bulk lattice: fcc Matrix : ( 1.000, 0.000)
20 bulk symm: pmm ¢ 0.000, 1.000)
2D surf symm: pmm
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : cycles of long Ar+ bombardment and
anhealing

Crystallinity: sharp (1x1) LEED pattern
Anal. methods:
Contamination: AES: <0.02 monolayer Cu and O

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED: Vor=-9.3:¢0.8 eV, Voi=-3.9:0.6 eV,
Dataset : I-V spectra for eD=625+125 K (all fit)

(013, ¢10),(11),(02),(12),(20),(03), (2,1
and (13) beams for 40-350 eV at normal inc

STRUCTURES EXAMINED
Various spacings between first 4 layers

QUALITY OF EXPERIMENT-THEORY FIT
Weighted R2=0.042

2D UNIT CELLS ( 1 domain observed )

Cell AX (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 2.850 0.000 0.000 4.036 90.0 ¢ 1.000, 0.000) { (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.850 0.000 0.000 4.036 90.0 ¢ 1.000, 0.000) | ¢1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 5 Bulk z = 1.425 A
Reg {Chem| At.| Cell] Site| Rel. Dx % ex Dy + ey Dz + €z Dz/Bz(%) t €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.425 A 2.018 A 1.425 A

intf] Al 1 |b 1.00] 0 0.000 f 0.000 f 0.000 A 0.0

intf| Al 2 (b 1.00( 1 0.500 f 0.500 f 1.3046 + 012 & 1.5+ .8
intf| Al 3 |b 1.00] 2 -0.500 f| -0.500 f 1.499 = 015 A 105.2 + 1.1
intf| Al 4 |b 1.00] 3 0.500 f 0.500 f 1.404 + 017 A 98.5 + 1.2
subl| Al 5 |b 1.00} 4 0.500 f 0.500 f 1.429 + .018 A 100.3 + 1.3

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 18

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.850 ALl ALICT,0) Al2 59.3
2.890 Al2 AL3CL, T AL2¢1,0) 59.1
2.890 Al2 AL3¢1,1) AlL3¢0,1) 60.5
2.890 AL2 AL3C1,1) Al4(1,0) 90.4
2.890 Al2 AL3(1,D) Al4 60.9
2.903 AlL2 Al4 Al3 60.4
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54 WATSON, VAN HOVE, AND HERMANN

ALCI10)-(1x1)

13.25 Bond Distances and Angles - Continued

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°

2.803 Al3 Al AL2 62.2
2.842 AL3 Al4 Al2 60.4
2.842 Al3 AlG AlL3(¢1,0) 60.2
2.842 AL3 Al4 AL4(1,0) 120.1
2.794 AT Al2 AlL1(1,0) 61.3
2.794 Al AlL2 Al2¢1,0) 120.7
2.794 Al1 Al2 Al3¢1,0) 89.4
2.794 ALl Al2 Al3 59.1
2.794 Al Al2 AlG 117.8
2.803 Al1 AL3 Al2 58.8
2.803 Al1 AL3 Al4 119.6
2.890 AL2 AL3C1, D AT, D 58.8
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ATLAS OF SURFACE STRUCTURES 55

COMMON NAME 2 ALCTI0)-(1x1) ILLUSTRATION: 4

CLASSIFICATION : 13.27

TECHNIQUE : LEED

AUTHORS : J.R. Noonan and H.L. Davis

REFERENCE : Phys. Rev., B29, 4349 (1984)

SURFACE TYPE STRUCTURE TYPE

Substrate : Al Adsorbate: Bulk termination with multilayer relaxation

Crystal face: 110 Coverage :

Temperature : 300 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: pmm ¢ 0.000, 1.000)

2D surf symm: pmm

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : electro-polishing, sputtering and Two R-factors used, giving quantitatively similar results:
annealing RZJ and R2

Crystallinity: sharp LEED pattern
Anal. methods:
Contamination: AES: clean

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED (RFS): Moruzzi-Janak-Williams potential;
Dataset : symmetrical LEED beams averaged; 8 beams Vor=-10.4ev, Voi=4.7ev; @D=470 K (fit)

for 50<E<100 eV at normal incidence

STRUCTURES EXAMINED

First varied top 2 interlayer spacings to minimise RZJ, then optimized 3rd, then 4th spacings;
non-structural parameters varied at the first stage only for R2J: d12=-8.9%, d23=5.9%;

for R2: d12=-8.1%, d23=5.2%

QUALITY OF EXPERIMENT-THEORY FIT

R2J=0.032
2D UNIT CELLS ( 1 domain observed )
cell Ax (R) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 0.000 4,040 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.860 0.000 0.000 4.040 90.0 ¢ 1.000, 0.000) | C(1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 5 Bulk z = 1.430 &
Reg iChem] At.| Cell| Site| Rel. Dx + e€x Dy * ¢y Dz t ez Dz/Bz(%) t+ €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.430 A 2.020 A 1.430 A

intf| Al 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0

intf| Al 2 |b 1.00] 1 0.500 f 0.500 f 1.310 + .014 A 91.6 + 1.0
intf| Al 3 1|b 1.00| 2 -0.500 f| -0.500 f 1.510 =+ 016 & 105.6 = 1.1
intf] Al 4 |b 1.00( 3 0.500 f 0.500 f 1.463 ¢+ .019 A 102.3 ¢+ 1.3
subl| Al 5 |b 1.00| 4 -0.500 f| -0.500 f 1.455 ¢ .022 A 101.8 ¢+ 1.5

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 8

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.860 Al1 Al1(1,0) Al2 59.3
2.800 Al Al2 AL1¢1,0) 61.4
2.800 All Al2 Al3 59.3
2.800 Al AlL2 Al4 17.9
2.899 Al2 AL3(1, 1) AL2(1,0) 59.1
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AL(110)-(1x1)

WATSON, VAN HOVE, AND HERMANN

13.27 Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (k) A-B-C (°)
2.899 Al2 AlL3¢1,1) Al3(0,1) 60.5
2.899 Al2 AL3CY, 1) Al4 62.0
2.899 Al2 AL3(1,1) Al5¢1,1) 121.4

J. Phys. Chem. Ref. Data, Monograph No. 5



ATLAS OF SURFACE STRUCTURES

COMMON NAME s ALCI11)-(1xT1)

CLASSIFICATION : 13.19

TECHNIQUE ¢ LEED

AUTHORS : F. Jona, D. Sondericker and P.M. Marcus
REFERENCE : J. Phys., C13, L155 (1980)

57

ILLUSTRATION: 1

SURFACE TYPE

STRUCTURE_TYPE
Bulk termination with expanded top spacing

Substrate : Al Adsorbate:

Crystal face: 111 Coverage :

Temperature : RT* Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: p3m1 ( 0.000, 1.000)

2D surf symm: p3ml

SAMPLE PREPARATION ( sample) COMMENTS

Treatment : see Jepsen et al, Phys Rev B6 3684
(1972) & B8 1786 (1973)

Crystallinity:

Anal. methods:

Contamination:

DATA COLLECTION
Technique: LEED
Dataset : I-V curves for 12 beams at different

angles of incidence; cumul. E range 2128 ev

STRUCTURES EXAMINED

THEORY/DATA TREATMENT

Dynamical LEED (program CHANGE): 8 ph sh, 31 beams;
Vor=-8.7:0.6 eV (fit), Voi=-3eV; rms vib ampls 0.1654

1st - 2nd layer spacing varied in range 2.038-2.638% in steps of 0.1 A using a bulk spacing of 2.3384

for subsequent layer spacings

QUALITY OF EXPERIMENT-THEORY FIT

RZ24=0.21
2D UNIT CELLS ( 1 domain observed )
Cell Ax (A) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 2.863 0.000 -1.432 2.479 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.863 0.000 -1.432 2.479 | 120.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.338 &
Reg {Chem| At.| Cell] Site| Rel. Dx % ex Dy ¢ ey Dz * ez Dz/Bz(%) % €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.432 Al -0.827 A 2.338 A
intf| Al 1 |b 1.00] 0 0.000 f 0.000 f 0.000 A 0.0
intf{ Al 2 b 1.00| 1 0.333 f 0.667 f 2.390 + 030 A 102.2 £+ 1.3
subll AL 3 Ib 1.00} 2 0.333 f1 -0.333 f 2.338 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 2
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A1) A-8-C (°
2.863 Al1 ALTCT, 1) Al2 60.5
2.906 Al Al2 AL1(Y, 1) 59.0

J. Phys. Chem. Ref. Data, Monograph No. 5



58 WATSON, VAN HOVE, AND HERMANN

COMMON NAME : ALCTIDY-(IxY) TLLUSTRATION: 1
CLASSIFICATION : 13.20a

TECHNIQUE : LEED

AUTHORS : V. Martinez, F. Soria, M.C. Munoz and J.L. Sacedon

REFERENCE : Surf. Sci., 128, 424 (1983)

SURFACE TYPE

Substrate : Al Adsorbate:

Crystal face: 111 Coverage :

Temperature : 300 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D bulk symm: p3m1 ( 0.000, 1.000)

2D surf symm: p3ml

SAMPLE PREPARATION ¢ 1 sample)
Treatment : clean AL(111) grown in situ on mica
substrate at 773 K

Crystallinity:
Anal. methods:
Contamination: AES: <0.01 monolayer of C and 0

DATA COLLECTION

Technique: LEED

Dataset : I-V curves for (10), (01) beams at ©=0°;
(00) beam at €=5, ¢=18°

STRUCTURES EXAMINED
-10% to +10% relaxation of top interlayer spacing

QUALITY OF EXPERIMENT-THEORY FIT

STRUCTURE TYPE
Bulk termination with expanded top interlayer spacing

COMMENTS

Authors note that oxygen contaminated surface could lead to
an anomalous interpretation as a first layer expansion of
the clean surface

THEORY/DATA TREATMENT
Dynamical LEED (CAVLEED package): Vor=-9 eV

RZJ=0.23
2D UNIT CELLS (¢ 1 domain observed )
Cell Ax (R) Ay (R) Bx (R) By (&) a (°) Matrix Pattern Cell type
Bulk 2.864 0.000 -1.432 2.480 | 120.0 ¢ 1.000, 0.000) (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.864 0.000 -1.432 2.480 | 120.0 ¢ 1.000, 0.000) | ¢(1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 2

Bultk z = 2.338 A

Reg jChem| At.| Cell} Site| Rel. Dx * €x Dy * ey Dz + ez Dz/Bz(%) *+ €z/Bz
jon | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.432 ki -0.827 A 2.338 A

intf| Al 1 |b 1.00|{ 0 0.000 f 0.000 f 0.000 A 0.0

subl| Al 2 |b 1.00( 1 0.333 f 0.667 f 2.410 £ .050 & 103.1 ¢ 2.1

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 2

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (4) A-B-C (°
2.864 AlL1 ALTCT, D) Al2 60.7
2.923 Al Al2 AL1(1,1) 58.7

J. Phys. Chem. Ref. Data, Monograph No. 5



COMMON NAME : ALCIMD-(1XY)
CLASSIFICATION : 13.21
TECHNIQUE : LEED

AUTHORS

REFERENCE

ATLAS OF SURFACE STRUCTURES

: H.B. Nielsen and D.L. Adams
: J. Phys., C15, 615 (1982)

59

ILLUSTRATION: 1

SURFACE TYPE

Substrate : Al
Crystal face: 111
Temperature : 90 K

Bulk lattice: fcc
2D bulk symm: p3m1
2D surf symm: p3m1

SAMPLE PREPARATION ( 1 sample)
Ar+ bombardment at RT, with brief

Treatment :

Adsorbate:
Coverage :

Pattern
Matrix

: (1x1)

: ( 1.000, 0.000)

( 0.000, 1.000)

anneals to 700 K

Crystallinity:
Anal. methods:
Contamination: AES:
DATA COLLECTION
Technique: LEED
Dataset

clean

sharp (1x1) LEED pattern

: I-V curves for 5 non-equivalent normal

incidence beams; 45<E<360 eV

STRUCTURES EXAMINED

STRUCTURE TYPE
Bulk termination wi

COMMENTS

THEORY/DATA TREATME

th expanded top spacing

NT

Dynamical LEED (RFS): 10 ph sh, 3 pots: Moruzzi et al, Snow,
Herman-Skillman; Vor=-11.6 eV, Voi=-5.1eV; @D=490 K (alt fit)

1st - 2nd layer spacing varied in range 2.1-2.6A in steps of 0.05 A using a bulk spacing of 2.3288A
for subsequent layer spacings

QUALITY OF EXPERIMENT-THEORY FIT

Weighted R2=0.063

20 UNIT CELLS ( 1 domain observed )

Cell Ax (A Ay (R) Bx (A) By (&) a (°) Matrix Pattern Cell type
Bulk 2.852 0.000 -1.426 2.470 | 120.0 ¢ 1.000, 0.000) | ¢1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.852 0.000 -1.426 2.470 | 120.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 2 Bulk z = 2.329 &
Reg [Chem| At.| Cell| Site| Rel. Dx + e€x Dy * ¢y Dz + ez Dz/Bz(%) * €z/Bz
ion | el.| no.| typel| occ.| to
epir -2 f f A
subr -1 1.426 Al -0.823 A 2.329 A
intf| Al 1 |b 1.00] 0 0.000 f 0.000 f 0.000 A 0.0
subl | Al 2 |b 1.00] 1 0.333 f 0.667 f 2.350 + .012 A 100.9 ¢+ .5
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 2
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.852 ALt ALT(1, D) Al2 60.2
2.870 Al1 AL2 ALICT, 1) 59.6
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COMMON NAME : ALCI11)-(1x1) ILLUSTRATION: 1
CLASSIFICATION : 13.21a

TECHNIQUE : LEED

AUTHORS s J. Neve, J. Rundgren and P. Westrin

REFERENCE : J. Phys., C15, 4391 (1982)

SURFACE TYPE STRUCTURE TYPE

Substrate : Al Adsorbate: Bulk termination

Crystal face: 111 Coverage :

Temperature : 293 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: p3m1 ( 0.000, 1.000)

2D surf symm: p3m1

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment :

Crystallinity:

Anal. methods:

Contamination:

DATA COLLECTION THEORY/DATA TREATMENT

Technique: LEED Dynamical LEED (KKR): DCV method to generate pot with
Dataset : LEED data of Martinsson et al, Surf. Sci. energy dependent excited state potential

89, 102 (1979)

STRUCTURES EXAMINED
Truncated bulk structure only

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Butk 2.860 0.000 -1.430 2.477 | 120.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.860 0.000 -1.430 2.477 | 120.0 ¢ 1.000, 0.000) § (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 2 Bulk z = 2.340 &
Reg (Chem} At.| Cell| Site| Rel. Dx #* €x Dy * ey Dz * ez Dz/Bz(%) * €z/Bz
ion | el.{ no.| type| occ.| to
epir -2 f f A
subr -1 0.000 A 1.651 A 2.340 A
intf| Al 1 |b 1.00} 0 0.000 f 0.000 f 0.000 A 0.0
subl| Al 2 |b 1.00| 1 0.333 f 0.667 £ 2.340 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 2
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.860 AlT ALTCT, D AL2(1, 1) 120.0
2.864 ALl Al2 ALTCT, ) 59.9
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COMMON NAME : ALCI1I1)Y-(IXT)

CLASSIFICATION : 13.41

TECHNIQUE : LEED

AUTHORS : J.R. Noonan and H.L. Davis

REFERENCE : J. Vac. Sci. Technol., A8, 2671 (1990)

ILLUSTRATION: 1

SURFACE TYPE

Substrate : At Adsorbate:

Crystal face: 111 Coverage :

Temperature : 160 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D bulk symm: p3m?1 ¢ 0.000, 1.000)

2D surf symm: p3ml

SAMPLE PREPARATION ( 2 sample)

Treatment : sputtering and annealing at 525° C
Crystallinity: sharp LEED pattern

Anal. methods: AES

Contamination:

DATA COLLECTION
Technique: LEED; video LEED

Dataset : 1V spectra for 7 non-equivalent beams, E

range 50-380 eV

QUALITY OF EXPERIMENT-THEORY FIY

STRUCTURE TYPE
Multilayer relaxation: expansion of the 1st and 2nd
interlayer spacing

COMMENTS
Also done at RT with the same result

THEORY/DATA TREATMENT
Dynamical LEED: RFS

R2=0.0191
2D UNIT CELLS ( 1 domain observed )
Cell Ax (A Ay (R) Bx (&) By (A) a (°) Matrix Pattern Cell type
Bulk 2.864 0.000 1.432 2.480 60.0 ¢ 1.000, 0.000) | ¢(1x1) b: bulk lattice
¢ 0.000, 1.000)
surface 1 2.864 0.000 1.432 2.480 60.0 ( 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3

Butk z = 2.338 A

Reg |Chem| At.}| Cell| Site| Rel. Dx % ex Dy * ey Dz + ez Dz/Bz(%) + €z2/Bz
ion [ el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.432 A 0.827 A 2.338 A

intf| Al 1 |b t1.00] O 0.000 A 0.000 A 0.000 A 0.0

intf| Al 2 |[b 1.00| O 1.432 A 0.827 A 2.378 + .007 A 101.7+ .3
subl| Al 3 |b 1.00] 0 2.864 A 1.673 A 4,728 + 016 A 202.2 + .7

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordina

No. of distances/angles: 1

tes

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C ()
2.864 Al1 Al2
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COMMON NAME 1 AL(210)-(1x1)
CLASSIFICATION : 13.36

- TECHNIQUE : LEED
AUTHORS : D.L. Adams, V. Jensen, X.F. Sun and J.H.
REFERENCE : Phys. Rev., B38, 7913 (1988)

ILLUSTRATION: 9

Vol lesen

SURFACE TYPE

Substrate : Al Adsorbate:

Crystal face: 210 Coverage :

Temperature : 135 K Pattern : (1x1)

Bulk lattice: fcc Matrix : (¢ 1.000, 0.000)
2D bulk symm: cm ¢ 0.000, 1.000)

2D surf symm: cm

SAMPLE PREPARATION ( 1 sample)

Treatment : Ar sputturing at 3k eV, 8E-5torr, 15gA,
annealing at 800 K

Crystallinity: surface <0.2° from (210) plane

Anal. methods:

Contamination: AES: small amounts of C and O

DATA COLLECTION

Technique: LEED

Dataset : I-V curves for 14 symmetry-inequivalent
beams; E range 40-340 eV

STRUCTURES EXAMINED

STRUCTURE TYPE
Bulk termination with multilayer relaxations perpendicular
to surface (by -16, -1, +9, -4 and -1%) and parallel to
surface (by 0, -3, +2, -2 and -1%) along symmetry plane

COMMENTS

THEORY/DATA TREATMENT
Dynamical LEED (layer doubling): 12 phase shifts from
Moruzzi et al potential; vor=-7.9 ev, Voi=-4.0eV; @=600 K

Variation of first 5 interlayer spacings and first 5 layer registries, giving 451 different structures

QUALITY OF EXPERIMENT-THEORY FIT

R2=0.1041
2D UNIT CELLS ( 1’domain observed )
Cell Ax (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 4,037 0.000 2.018 4.513 65.9 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 4,037 0.000 2.018 4.513 65.9 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice
3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors

No. of atoms: 7

; atom 0 at the origin. Epir/subr are bulk repeat vectors.

Bulk z = .903 A

Reg [Chem| At.| Cell| Site| Rel. Dx % ex Dy % ey Dz + ez Dz/Bz(%) + €z/Bz
ion | el.| no.j type| occ.| to
epir -2 f f A
subr -1 2.018 A 1.805 A 0.903 A
intf| Al 1 |b 1.00( O 0.000 f 0.000 f 0.000 A 0.0
intf| Al 2 |b 1.00] 1 0.300 f 0.400 f 0.758 + .020 & 84.0 + 2.2
intf| Al 3 |b 1.00} 2 0.306 f 0.388 f 0.894 + .030 A 99.0 + 3.3
intf| Al 4 |b 1.00f 3 0.296 f| -0.592 f 0.984 + .030 & 109.0 + 3.3
intf| Al 5 |b 1.00( 4 -0.696 f 0.392 f 0.867 =+ .040 A 96.0 + 4.4
intf| Al 6 |b 1.00( 5 0.302 f 0.396 f 0.894 + .050 A 99.0 + 5.5
subl| Al 7 |b 1.00] 6 0.300 f| -0.600 f 0.903 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 6
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°

2.812 ALY Al2 AL3¢0,-1) 58.1

2.812 Al Al2 Al4c¢-1,0) 58.2

2.812 Al AL2 ALS 116.6

2.818 AlL2 AL3 Al4 61.7

2.818 AlL2 AL3 AL5 60.5
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13.36 Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.847 Al3 Al4 AL5(1,0) 61.2
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COMMON NAME
CLASSIFICATION :
TECHNIQUE
AUTHORS

REFERENCE

ALY - (1)

WATSON, VAN HOVE, AND HERMANN

ILLUSTRATION: 8
13.30

: LEED
: J.R. Noonan, H.L. Davis, W. Erley
: Surf. Sci., 152/153, 142 (1985)

SURFACE TYPE

STRUCTURE TYPE

Substrate : Al Adsorbate: Bulk termination with multilayer relaxation;
Crystal face: 311 Coverage : no detectable lateral relaxation
Temperature : 298 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: cm ¢ 0.000, 1.000)

20 surf symm: cm

SAMPLE PREPARATION ( 1 sample)

COMMENTS

Treatment

: electropolish in H2S04/H3P04; Ar+

sputter; 500C anneal

Crystallinity:
Anal. methods:

Contamination: AES: <0.05% ML Si

DATA COLLECTION
Technique: LEED;
Dataset

: 34 LEED beams (21 symmetry-inequivalent);

THEORY/DATA TREATMENT
Dynamical LEED (Reverse Scattering Perturbation): Moruzzi-
Janak-Williams potential; Voi=4.75 ev; @D=550 K

Faraday cup

energy range 50-300ev; normal incidence
within 0.5°

STRUCTURES EXAMINED

Relaxation of top two interlayer spacings and lateral displacement of top layer

QUALITY OF EXPERIMENT-THEORY FIT

Rz4=0.07, R2=0.083

2D UNIT CELLS ( 1 domain observed )

Cell AX (R) Ay (R) Bx (R) By (&) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 -1.432 4.749 | 106.8 ¢ 1.000, 0.000) (1x1) b: bulk tattice
¢ 0.000, 1.000)
Surface 1 2.860 0.000 -1.432 4,749 | 106.8 ¢ 1.000, 0.000) | ¢1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

0.05& error bars assumed for tabulation of lateral relaxation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: & Bulk z = 1.227 A
Reg |Chem| At.] Cell| Site| Rel. Dx % e€x Dy + ey Dz + ez Dz/Bz(%) + €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 0.003 Al -2.588 A 1.227 A
intf| Al 1 |b 1.00 © 0.000 f 0.000 f 0.000 A 0.0
intf| Al 2 |b 1.00( 1 0.727 + .023 f 0.454 + 011 f 1.068 + .010 A& 87.0+ .8
intf| Al 3 |b 1.00]| 2 -0.273 f 0.455 f 1.335 + .020 A 108.8 + 1.6
subl | Al 4 |b 1.00] 3 -0.272 f| -0.545 f 1.227 A 100.0 + 8.2
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 14
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)

2.860 Al AlL1¢1,0) Al2 59.3

2.916 Al2 Al3 AL1¢0,1) 88.4

2.916 AL2 AL3 AL3(1,0) 60.6

2.830 AlL3 ALICT, 1) AL3(1,0) 60.7

2.912 Al3 Al2¢0,1) AL3¢0,1) 116.7

2.916 AL3 Al2 Al3(1,0) 58.8
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Bond Distances and Angles - Continued

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.860 AlL1 AlL1(1,0) AL3¢0,-1) 59.6
2.798 Al Al2 AL1(1,0) 61.5
2.798 Al1 Al2 AL3 119.7
2.799 Al1 At2¢-1,0) AL1¢0,1) 124.5
2.799 All Al2¢-1,0) Al3 119.7
2.804 A2 ALICT, D) Al3 62.3
2.799 AL2 AL1(1,0) AL3¢0,-1) 62.3
2.914 Al2 AL3(1,0) Al2(1,0) 58.8
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COMMON NAME : AL(331)-(1x1)

CLASSIFICATION : 13.31

TECHNIQUE : LEED

AUTHORS : D.L. Adams and C.S. Sorensen
REFERENCE : surf. Sci., 166, 495 (1986)

ILLUSTRATION: 10

SURFACE TYPE

Substrate : Al Adsorbate:

Crystal face: 331 Coverage :

Temperature : 115 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D butk symm: cm ¢ 0.000, 1.000)
2D surf symm: cm

SAMPLE PREPARATION ( 1 sample)

Treatment : Ar sputturing at 3k eV, 8E-5torr, 15gA,

annealing at 800 K
Crystallinity: surface <0.2° from (331) plane
Anal. methods:
Contamination: AES: trace amount of C

DATA COLLECTION

Technique: LEED

Dataset : I-V curves for 15 symmetry-inequivalent
beams; E range 50-300 eV

STRUCTURES EXAMINED

STRUCTURE TYPE

Bulk termination with multilayer relaxations perpendicular
to surface (in 4 layers) and parallel to surface (in top

layer) along symmetry plane

COMMENTS

THEORY/DATA TREATMENT
Dynamical LEED (layer doubling):
al pot); Vor=-10.3+1.6 eV, Voi=-4.421.4eV;8D=500+150 K

Variation of first 6 interlayer spacings and first 5 layer registries (and of non-structural parameters)

QUALITY OF EXPERIMENT-THEORY FIT

10 phase shifts (Moruzzi et

R2=0.065
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (k) a (°) Matrix Pattern Cell type
Bulk 2.853 0.000 1.427 6.219 7.1 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.853 0.000 1.427 6.219 77.1 1. 000 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 7 Bulk z = .926 A
Reg {Chem| At.| Cell| Site| Rel. Dx * e€x Dy ey Dz + ez Dz/Bz(%) * €z/Bz
ion | el. no.| type| occ.| to
epir -2 f f A
subr -1 1.427 A 2.292 A 0.926 A
intf| Al 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0
intf| Al 2 |b 1.00] 1 0.321 f 0.358 f 0.817 ¢+ .021 A 88.2 + 2.3
intf| Al 3 |b 1.00f 2 0.316 f 0.368 f 0.888 + .028 A 95.9 + 3.0
intf| Al 4 |b 1.00{ 3 0.316 f| -0.632 f 1.022 + .025 A 110.4 + 2.7
intf| Al 5 |b 1.00( 4 -0.684 f 0.368 f 0.881 ¢+ .038 A 95.1 ¢+ 4.1
intf| Al 6 |b 1.00( 5 0.316 f 0.368 f 0.903 + .049 A 97.5+ 5.3
subl| Al 7 |b 1.00( 6 0.316 f| -0.632 f 0.929 + .051 A 100.3 + 5.5
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 8
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)

2.768 Al AlL2 AL2¢-1,0) 59.0

2.768 Al Al2 AL3(-1,0) 118.8

2.768 Al Al2 Al4C-1,0) 59.0

2.768 Al Al2¢-1,0) Al1¢-1,0) 62.1

2.799 Al Al3¢0,-1) Al4c-1,0) 58.8
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13.31 Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°
2.841 Al2 At3 Al4¢-1,1) 120.2
2.841 Al2 Al3 AL5 60.1
2.887 AL3 Al4(0, 1)
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COMMON NAME : AL(100)-¢c(2x2)-Na ILLUSTRATION: 28,29
CLASSIFICATION : 13.11.1
TECHNIQUE : LEED
AUTHORS : B.A. Hutchins, T.N. Rhodin and J.E. Demuth
REFERENCE : Surf. Sci., 54, 419 (1976)
SURFACE_TYPE STRUCTURE TYPE
Substrate : Al Adsorbate: Na Atomic adsorption in hollow site
Crystal face: 100 Coverage : 0.25 Na/Al
Temperature : <RT Pattern : c(2x2)
Bulk lattice: fcc Matrix : ¢ 1.000, 1.000)
2D bulk symm: p4m (-1.000, 1.000)
2D surf symm: p4m
SAMPLE PREPARATION ( sample) COMMENTS
Treatment : electropolished; Na vapor source, B.P.
1E-10 torr;

Crystallinity: Xe ion bombardment; anneal temp. 850K
Anal. methods:
Contamination: LEED/Auger: <5% O contamination

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED: 8 ph sh (Snow pot for Al, metallic pot for
Dataset : I-V curves for (00) beam at ©=4.4,7,12° Na), Voi=5.5 eV(Al), 3eV(Na),8D=339 K(blk)150K(Na)170K(AL)

and for (-1,0) and (-1,-1) beams at ©=0°

STRUCTURES EXAMINED
Substrate undistorted variation of adsorbate site (top, bridge, hollow)
and height (1.4-3.44)

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (A) Ay (R) Bx (&) By (&) a (°) Matrix Pattern Cell type
Bulk 2.864 0.000 0.000 2.864 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.864 2.864 -2.864 2.864 90.0 ¢ 1.000, 1.000) | c(2x2) s1: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

Nal: overlayer in 4-fold hollow sites

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin., Epir/subr are bulk repeat vectors.

No. of atoms: 3 Butk z = 2.020 A
Reg (Chem| At.| Cell| Site| Rel. Dx % ex Dy * ¢y Dz t ¢z Dz/Bz(%) t €z/Bz
ion | el. no.| type| occ.| to
epir -2 f f A
subr -1 1.432 A 1.432 A 2.020 A
ovrl| Na 1 |81 .50] 0 0.000 f 0.000 f 0.000 A 0.0
intf| Al 2 |b 1.00( 1 0.500 f 0.500 f 2.050 + .100 A 101.5+ 5.0
subl| Al 3 |b 1.00] 2 -0.500 f| -0.500 f 2.020 + .050 A 100.0 + 2.5
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 7
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.882 Nal AlL2 Na1¢1,0) 89.3
2.882 Nail Al2 AL2¢1,0) 119.8
2.882 Na1l Al2 AL3(1,0) 120.2
2.882 Na1l Al2 AlL3 90.3
2.864 Al2 Al2¢1,0) Nai(¢1,0) 60.2

J. Phys. Chem. Ref. Data, Monograph No. 5



AL(100)-¢c(2x2)-Na

ATLAS OF SURFACE STRUCTURES 69

13.11.1 Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.864 Al2 Al2¢1,0) AL3(2,0) 120.0
2.860 Al2 AL3(Y, 1) Al2¢1,0) 60.1
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COMMON NAME : AlL(100)-c(2x2)-Na
CLASSIFICATION : 13.11.2

TECHNIQUE : LEED

AUTHORS :

REFERENCE :

surf. Sci., 54, 259 (1976)

M.A. Van Hove, S.Y. Tong and N. Stoner

ILLUSTRATION: 28,29

SURFACE TYPE

Substrate : Al
Crystal face: 100
Temperature : 110

Bulk lattice: fcc
2D butk symm: pé4m
2D surf symm: p4m

SAMPLE PREPARATION (

K

Treatment

Adsorbate: Na
Coverage : 0.5 (Na/Al)

STRUCTURE TYPE
Atomic adsorption in 4-fold hollow sites

000)

Pattern : c(2x2)
Matrix : (¢ 1.000, 1.000)
(-1.000, 1.
sample)

Demuth, Surf. Sci.
Crystallinity: 45, 419 (1976)

Anal. methods:
Contamination:

DATA COLLECTION
Technique: LEED
Dataset

: I-V curves: (-10), (-1-1), (0.5,0.5) beams

at ©=0,¢=0; 00 beam at 6=12,¢=0);
cumulative E range: 530 eV

STRUCTURES EXAMINED

COMMENTS

: see B.M. Hutchins, T.N. Rhodin and J.E.

THEORY/DATA TREATMENT

Dynamical LEED (RFS); Snow pot for Al, superpos pot for Na;

Top site, bridge site, hollow site; Na-Al layer spacing varied from 1.7 to 2.9A

QUALITY OF EXPERIMENT-THEORY FIT

8 phase shifts; Vor=-5 eV, Voi=-4.1eV, 6D=356 K(Al),b284K(Na)

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (&) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 0.000 2.860 90.0 ( 1.000, 0.000) | (1x1 b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.860 2.860 -2.860 2.860 90.0 ( 1.000, 1.000) | c(2x2) s1: commens.
(-1.000, 1.000) superlattice
3D COORDINATES
Nal: overlayer in 4-fold hollow site

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.025 A&
Reg |Chem; At.| Cell| Site| Rel. Dx * e€x Dy t ey Dz + €2 Dz/Bz(%) + €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.430 A 1.430 A 2.025 A

ovrll Na 1 |s1 .501 @ 0.000 f 0.000 f 0.000 A 0.0

intf]| Al 2 |b 1.00] 1 0.500 f 0.500 f 2.080 + .120 A 102.7 = 5.9
subl| Al 3 |b 1.00{ 2 -0.500 f| -0.500 f 2.025 + 100 A 100.0 + 4.9

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 7
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.901 Nail Al2 Na1¢1,0) 88.4
2.901 Nal Al2 Al2(1,0) 119.5
2.901 Na1l AL2 Al3(¢1,0) 120.5
2.901 Na1l Al2 AL3 90.8
2.860 Al2 AL2¢1,0) Na1(1,0) 60.5
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13.11.2 Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-
2.860 Al2 AL2¢1,0) AL3(2,0) 120.0
2.862 Al2 AL3(1,1) AL2¢1,0) 60.0
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COMMON NAME s AL(111)-(/3x/3)R30°-Na
CLASSIFICATION : 13.11.3
TECHNIQUE : SEXAFS

ILLUSTRATION: 27

AUTHORS : A. Schmalz, S. Aminpirooz, L. Becker, J.Haase,
J.Neugebauer, M. Scheffler, D.R. Batchelor, D.L. Adams and E

REFERENCE : Phys. Rev. Lett., 67, 2163 (1991)

SURFACE TYPE

Substrate : Al Adsorbate: Na

Crystal face: 111 Coverage : 0.16-0.33 ML
Temperature : RT Pattern : (/3x/3)R30°
Bulk lattice: fcc Matrix : ( 1.000, 1.000)
2D bulk symm: p3m1 (-1.000, 2.000)

2D surf symm: p31m

SAMPLE PREPARATION ( 1 sample)
Treatment : ion bombardment and annealing; Na from
SAES getter sources

Crystallinity:
Anal. methods: LEED, AES, X-ray adsorption
Contamination: O < 0.005ML

DATA COLLECTION

Technique: SEXAFS

Dataset : X-ray adsorption from 0-8A-1
two polarizations

STRUCTURES EXAMINED
Threefold hollow site, sixfold substitutional site

QUALITY OF EXPERIMENT-THEORY FIT

STRUCTURE TYPE
Na in a sixfold substitutional site 1.67A above Al surface

COMMENTS
Measured at 0.16ML with the same structural result
total energy calculations also done

THEORY/DATA TREATMENT
Fourier-transform method (Excurve program)

Visual
2D UNIT CELLS ( 1 domain observed )
Cell AX (R) Ay (R) Bx (A) By (A) a (®) Matrix Pattern Cell type
Bulk 2.864 0.000 1.432 2.480 60.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 4.295 2.480 0.000 4.960 60.0 ¢ 1.000, 1.000) | (v/3x/3)R30° s1: commens.
(-1.000, 2.000) superlattice

3D COORDINATES

Nal: in a 6-fold substitutional site Nal1-Al2 bond determined within +0,03A

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4

Bulk z = 2.338 A

Reg [Chem| At.] Cell| Site} Rel. Dx * ex Dy * ey Dz * ez Dz/Bz(%) t €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.432 A 0.827 A 2.338 A

ovrl| Na 1 st .33( 0 0.000 A 0.000 A 0.000 A 0.0

intf| Al 2 |s1 3310 1.432 A 2.480 A 1.670 + .030 A 7.4 + 1.3
intf| Al 3 181 .331 0 2.864 A 4.960 A 1.670 £+ 030 A 7.6 £ 1.3
subl{ Al 4 |b 1.00] 0 1.432 A 0.827 A 4.008 A 171.4

BOND DISTANCES AND ANGLES

No. of distances/angles: 1

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°
3.315 Nal AlL2
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COMMON NAME : ALCITIND-0 TILLUSTRATION: 22,23

CLASSIFICATION : 13.8.8

TECHNIQUE : SEXAFS

AUTHORS : R.Z. Bachrach, G.V. Hansson and R.S. Bauer

REFERENCE : Surf. Sci., 109, L560 (1981)

SURFACE TYPE STRUCTURE TYPE

Substrate : Al Adsorbate: 0 Atomic O in 3-fold hollow sites (which undetermined);

Crystal face: 111 Coverage : 125L ordering undetermined, here tabulated as (1x1);

Temperature : RT* Pattern : unspecified unrelaxed bulk

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

20 bulk symm: p3m1 ¢ 0.000, 1.000)

2D surf symm: none

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : see Flodstrom et al, Phys. Rev. Lett. Authors find pressure dependent oxidation state: mol. oxygen
40, 907 (1978) chemisorbs for p<2E-7 torr, and atomic oxygen chemisorbs

Crystallinity: for p>1E-6 torr

Anal. methods:

Contamination:

DATA COLLECTION THEORY/DATA TREATMENT

Technique: SEXAFS Standard EXAFS Fourier transform

Dataset : oxygen K-edge EXAFS for 400-1000 eV above
threshold; angle of incidence of
p-polarised light was 85°

STRUCTURES EXAMINED
Those consistent with the derived 0-Al bond length and the assumption of a 3-fold hollow site

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay () Bx (A) By (A) a (°) Matrix Pattern Cell type
Butk 2.860 0.000 -1.430 2.477 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.860 0.000 -1.430 2.477 | 120.0 1. 000 0.000) { unspecified st: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

01: overlayer in one or the other 3-fold hollow site, here tabulated as fcc site; coverage assumed 1;
coordinates are derived from 0-Al bond length; error bar on 0-Al bond length is 0.05A&

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.340 A
Reg [Chem| At.| Cell| Site| Rel. Dx + ex Dy z ey Dz + ez Dz/Bz(%) + €z/Bz
ion | el. no.| type| occ.| to

epir -2 f f A

subr -1 0.000 Al -1.651 A 2.340 A

ovrl| O 1 |b 1.001 0 0.000 f 0.000 f 0.000 A 0.0

intf} Al 2 |b 1.00| 1 0.667 f 0.333 f 0.980 A 41.9

subl| Al 3 |b 1.00} 2 -0.333 f 0.333 f 2.340 A 100.0

BOND DISTANCES AND ANGLES

No. of distances/angles: 5

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (k) A-B-C (°)
1.920 01 Al2 01¢1,0) 96.3
1.920 01 Al2 At2(¢1,0) 138.1
1.920 01 AlL2 Al3(1,0) 155.9
1.920 01 Al2 AL3 99.7
2.860 Al2 AlL2¢1,1) AlL3(1,0) 60.1
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COMMON NAME AL -(IxT)-
CLASSIFICATION : 13.8.12
TECHNIQUE : LEED
AUTHORS :
REFERENCE :

WATSON, VAN HOVE, AND HERMANN

0

J. Neve, J. Rundgren and P. Westrin
J. Phys., €15, 4391 (1982)

ILLUSTRATION: 22,23

SURFACE TYPE

Substrate : Al

Crystal face: 111 Coverage :
Temperature : 100 K Pattern :
Bulk lattice: fcc Matrix

2D butk symm: p3mt
2D surf symm: p3mi1

SAMPLE PREPARATION ( 1 sample)
Treatment

Crystallinity:

Anal. methods:

Contamination:

DATA COLLECTION
Technique: LEED
Dataset

89, 102 (1979)

STRUCTURES EXAMINED

Adsorbate: 0

1.0 o/AL
(1x1)

: ¢ 1.000, 0.000)

¢ 0.000, 1.000)

: LEED data of Martinsson et al, Surf. Sci.

STRUCTURE TYPE

Atomic oxygen in fcc hollow sites;
0-Al spacing temperature dependent:
0.7 and 1.3 A at 100K and 293K

COMMENTS

Conclusions based on visual comparison of (10) and (01)
beams only;

different oxygen muffin-tin spheres used for calculations
for 0.7 and 1.3 A spacings

THEORY/DATA TREATMENT
Dynamical LEED: DCV method to generate pots with E-dep.
excited state pot, based on Moruzzi-Janak-Williams pot

0-Al spacings of 0.7 and 1.3 & at 100K and 293K; O over hollow sites

2D UNIT CELLS (

1 domain observed )

Cell Ax () Ay (R) Bx (&) By (R) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 -1.430 2.477 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.860 0.000 -1.430 2.477 | 120.0 ( 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

01: overlayer in fcc hollows

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.340 A
Reg [Chem| At.| Cell| Site| Rel. Dx + e€x Dy t ey Dz + ez Dz/Bz(%)  €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.430 A 0.826 A 2.340 A
ovrl| O 1 |b 1.00] 0 0.000 f 0.000 f 0.000 A 0.0
intf| Al 2 |b 1.00] 1 0.667 f 0.333 f 0.700 + .100 A 29.9 ¢+ 4.3
subl| Al 3 b 1.00) 2 -0.333 f 0.333 f 2.340 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 7
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)

1.794 01 AlL2 01¢1,1) 105.8

1.794 01 Al2 AlL2¢1,1) 142.9

1.794 01 AL2 AL2¢-1,0) 37.1

1.794 01 AL2 AL3(1,0) 148.2

1.794 01 Al2 AlL3 93.1

1.794 Al2 01¢1, 1 AL2(1, 1) 105.8

2.860 Al2 Al2¢1,1) 01(1, 1) 37
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COMMON NAME T ALC111)Y-(1x1)-0
CLASSIFICATION : 13.8.15

ILLUSTRATION: 22,23

TECHNIQUE : LEED
AUTHORS : V. Martinez, F. Soria, M.C. Munoz and J.L. Sacedon
REFERENCE : Surf. Sci., 128, 424 (1983)

SURFACE TYPE

Substrate : Al Adsorbate: ©

Crystal face: 111 Coverage : 1.0 0/Al
Temperature : 300 K Pattern : (1x1)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D bulk symm: p3m1 ¢ 0.000, 1.000)

2D surf symm: p3m1

SAMPLE PREPARATION ( 1 sample)
Treatment : clean AL(111) grown on mica, then
exposed to 02

Crystallinity:
Anal. methods:
Contamination: AES and LEED monitoring of coverage

DATA COLLECTION

Technique: LEED

Dataset : [-V data: (01) beam at ©=0;
€10),(-10),¢00) and (0-1) at e=5, ¢=18°;
(00) and (-10) at ©=12, ¢=18°; E<=180 eV

STRUCTURES EXAMINED

STRUCTURE TYPE
Atomic overlayer in fcc 3-fold hollow sites;
unrelaxed bulk termination

COMMENTS

Measurements and calculations done for 3 O exposures; fit
is weighted average, giving: 70% 0 in fcc sites, 10% 0 in
tetrahedral underlayer sites, 20% clean AL(111)

THEORY/DATA TREATMENT
Dynamical LEED (CAVLEED package)

Substrate-adsorbate layer spacings between 0.6 and 0.9A (see comments)

QUALITY OF EXPERIMENT-THEORY FIT

RZJ=0.18
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 2.864 0.000 -1.432 2.480 | 120.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
surface 1 2.864 0.000 -1.432 2.480 | 120.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

01: overlayer in fcc hollow sites

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: &

Bulk z = 2.338 A

Reg |Chem| At.{ Cell| Site] Rel. Dx * ex Dy * ey Dz + ez Dz/Bz(%) * €z/Bz
ion | el.[ no.| type| occ.| to

epir -2 f f A

subr -1 -1.432 Al -0.827 A 2.338 A

ovrl| O 1 |b 1.00] 0 0.000 f 0.000 f 0.000 A 0.0

intf| Al 2 |b 1.00| 1 0.333 f 0.667 f 0.700 + .080 & 29.9 + 3.4
intf| Al 3 (b 1.00( 2 0.333 f| -0.333 f 2.338 A 100.0

subl| Al 4 (b 1.00] 3 -0.667 f| -0.333 f 2.338 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 4

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
1.796 o1 AlL2 01¢0,1) 105.8
1.796 o1 AL2 AL2¢0, 1) 142.9
1.796 01 AlL2 AlL3¢0, 1) 148.2
1.796 o1 AlL2 AL3 93.0
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COMMON NAME : AL -(1x1)-0
CLASSIFICATION : 13.8.6a

TECHNIQUE : SEXAFS

AUTHORS

REFERENCE : Surf. Sci., 105, L297 (1981)

ILLUSTRATION: 22,23

SURFACE TYPE
Substrate

Crystal face:
Temperature :
Bulk tattice:
2D bulk symm:
2D surf symm:

: Al

11
300 K
fcc
p3m1
p3m1

Adsorbate: 0

Coverage : 50L 02

Pattern : (1x1)

Matrix : ( 1.000, 0.000)

SAMPLE PREPARATION ( 1 sample)

Treatment

: exposure to 50L 02

Crystallinity:
Anal. methods:
Contamination:

DATA COLLECTION

Technique: SEXAFS; SEXAFS at SSRL
: SEXAFS signal of O K-edge up to 900 eV

Dataset
above edge

STRUCTURES EXAMINED

¢ 0.000, 1.000)

STRUCTURE TYPE

Atomic oxygen overlayer in 3-fold hollow sites

(which undetermined)

COMMENTS

Bulk lattice constant of 2.86 A was assumed;
however, the measured 0-0 separation of 2.90:0.05 A
is consistent with this assumption

THEORY/DATA TREATMENT

Fourier transform; phase shifts constructed from analysis of
bulk Al203 where the bond length is known

Those consistent with the inferred SEXAFS 0-Al bond length of 1.75:0.03&, giving an interlayer spacing of 0.6%0.14

QUALITY OF EXPERIMENT-THEORY FIT

Visual
20 UNIT CELLS ( 1 domain observed )
Cetl AX (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 2.860 0.000 -1.430 2.477 | 120.0 ¢ 1.000, 0.000) | (1x1) b: butk lattice
( 0.000, 1.000)
Surface 1 2.860 0.000 -1.430 2.477 | 120.0 ( 1.000, 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

coordinates are derived from O-Al bond length; error bar on 0-Al bond length is 0.034

O coverage assumed 1

Dx/Dy in A&, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: & Bulk z = 2.340 &
Reg |Chem| At.] Cell| Site| Rel. Dx % e€x Dy t ey Dz * €z Dz/Bz(%) + €z/Bz
ion | el.| no.[ type| occ.] to
epir -2 f f A
subr -1 -1.430 Rl -0.826 A 2.340 A
ovrl{ O 1 |b 1.00] 0 0.000 f 0.000 f 0.000 A 0.0
intf| Al 2 |b 1.00f 1 0.333 f 0.667 f 0.600 + .100 A 25.6 £+ 4.3
intf| Al 3 |b 1.00( 2 0.333 f| -0.333 f 2.340 A 100.0
subl [ Al 4 |b 1.00| 3 -0.667 f| -0.333 f 2.340 A 100.0
BOND DISTANCES AND ANGLES
No. of distances/angles: 5
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
1.757 01 Al2 01¢0,1) 109.0
1.757 01 Al2 AL2C1, D 144.5
1.757 01 Al2 AL3¢0,1) 145.2
1.757 o1 Al2 Al3 90.5
2.860 AlL2 AL2¢1, 1 AL3¢0,1) 60.1

J. Phys. Chem. Ref. Data, Monograph No. §



ATLAS OF SURFACE STRUCTURES 44

COMMON NAME : ALCITD)-(1x1)-0 ILLUSTRATION: 26
CLASSIFICATION : 13.8.6b
TECHNIQUE : SEXAFS
AUTHORS : D. Norman, S. Brennan, R. Jaeger and J. Stohr
REFERENCE : Surf. Sci., 105, L297 (1981)
SURFACE TYPE STRUCTURE TYPE
Substrate : Al Adsorbate: 0 Atomic oxygen in tetrahedral sites below top Al layer,
Crystal face: 111 Coverage : 50L 02 forming oxide-like surface;
Temperature : RT* Pattern : (1x1) Al possibly unrelaxed
Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D bulk symm: p3m1 ( 0.000, 1.000)
2D surf symm: p3mi
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : exposure to 50L of 02, then heating to
473 K for 10 mins bulk lattice constant of 2.86A was assumed; O placed below

Crystallinity: top Al on the evidence that: 1. sharp (1x1) LEED pattern
Anal. methods: observed up to 1000L of 02; 2. the site can be
Contamination: simultaneously occupied by oxidé-like and chemisorbed O
DATA COLLECTION THEORY/DATA TREATMENT
Technique: SEXAFS; SEXAFS at SSRL Fourier transform; phase shifts constructed from analysis
Dataset : SEXAFS signal for oxygen K-edge up to 900 of bulk Al203 where the bond length 1s known

eV above edge

STRUCTURES EXAMINED
Those consistent with the inferred SEXAFS 0-Al bond length of 1.75:0.03A, giving an interlayer spacing of

0.6:0.14

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (B | « (°) Matrix Pattern Cell type
Bulk 2.860 0.000 -1.430 2.477 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.860 0.000 -1.430 2.477 | 120.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

coordinates are derived from O-Al bond length; error bar on 0-Al bond length is 0.03A;
0 coverage assumed 1

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom O at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 5 Bulk z = 2.340 &
Reg |Chem| At.| Cell| Site| Rel. Dx t ex Dy t ey Dz + €z Dz/Bz(%) % €z/Bz
ion | el. no.| type| occ.| to
epir -2 f f A
subr -1 0.000 Al -1.651 A 2.340 A
intf} Al 1 |b 1.00{ 0 0.000 f 0.000 f 0.000 A 0.0
intfj O 2 |b 1.00} 1 0.667 f 0.333 f 0.600 + .100 A 25.6 £+ 4.3
intf| Al 3 |b 1.00{ 2 0.000 f 0.000 f 1.740 + 100 A 76.4 £ 4.3
intf| Al 4 |b 1.00| 3 -0.333 f 0.333 f 2.340 A 100.0
subt | Al 5 |[b 1.00| 4 -0.333 f| -0.667 f 2.340 A 100.0
BOND DISTANCES AND ANGLES
No. of distances/angles: &
Interatomic Atom A Atom 8 Atom C Bond angle
dist. A-B (R) - A-B-C (°)
2.860 Al1 ALY, 1) 02 35.5
2.860 Al ALTCT, 1) Al3 60.1
1.757 Al 02 Al1¢1,0) 109.0
1.757 ALl 02 AL3 110.0
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COMMON NAME : ALP(110)-(1x1)

CLASSIFICATION : 13.15.2

TECHNIQUE : LEED

AUTHORS : C.B. Duke, A. Paton, A. Kahn and C.R. Bonapace
REFERENCE : Phys. Rev., B28, 852 (1983)

WATSON, VAN HOVE, AND HERMANN

ILLUSTRATION:

116

SURFACE TYPE

Substrate : ALP Adsorbate:

Crystal face: 110 Coverage :

Temperature : 300 K Pattern : (1x1)

Bulk lattice: zincblende Matrix : ( 1.000, 0.000)
2D bulk symm: pm ¢ 0.000, 1.000)
2D surf symm: pm

SAMPLE PREPARATION ( sample)

: GaP Ar+ bombarded to remove Ga, then Al
deposition, anneal

Treatment

Crystallinity:
Anal. methods:
Contamination: only high-E Ga AES peaks, so Ga deep

DATA COLLECTION

Technique: LEED

Dataset : I-V spectra for 14 beams up to 210 eV;
data taken at Al coverages of 16 and 75ML:
average compared to theory

STRUCTURES EXAMINED

1. unreconstructed surface; 2. bond length conserving reconstructions with vertical
relaxations of 1st 2 layers with relative displacements

3. as in 2. without bond conservation

QUALITY OF EXPERIMENT-THEORY FIT

STRUCTURE TYPE

Tilted topmost two ALP bilayers

COMMENTS

LEED data taken below @ (=590 K), so lattice vibrations

not important;

calculated spectra checked for sensitivity to inelastic mfp;

THEQCRY/DATA TREATMENT
Dynamical LEED: 6 layer slab; 6 phase shifts (Hara exchange)
Vor=-15.5 to -13.2 eV (E=30eV-240 eV); mfp=10A; @D=590 K

along (100) direction;

RZJ=0.19
2D UNIT CELLS ( 1 domain observed )
Cell AX (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 3.850 0.000 0.000 5.450 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 3.850 0.000 0.000 5.450 90.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

P1-Al2: top tilted layer; Al3-P4: next layer, slightly tilted in opposite sense;
AlL5-P6: bulk planar bilayer; 0.1A error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 6 Bulk z = 1.925 &
Reg |Chem| At.| Cell| Site| Rel. Dx % ex Dy + ey Dz *+ ez Dz/Bz(%) * €z2/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.925 A 2.725 A 1.925 A

intf{ P 1 |b 1.00( 0 0.000 f 0.000 f 0.000 A 0.0

intf| Al 2 |b 1.00( 1 0.500 + .026 f 0.168 + .018 f 0.630 + .100 A 32.7+ 5.2
intf| Al 3 |b 1.00( 2 -0.500 + .026 f 0.543 + .018 f 1.327 + .100 A 68.9 + 5.2
intf| P 4 |b 1.00| 3 0.500 + .026 f| -0.250 + .018 f 0.070 + .100 A 3.6+ 5.2
subl| Al 5 |b 1.00] & 0.000 + .026 f| -0.250 + .018 1.892 + .100 & 98.3 + 5.2
subl| P 6 |b 1.00] 5 -0.500 f 0.750 f 0.000 A 0.0
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BOND DISTANCES AND ANGLES

79

Bond distances and angles are derived from coordinates

No. of distances/angles: 9
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.223 P1 Al2 P1¢1,0) 120.0
2.223 P1 Al2 P4 119.8
2.512 P1 AL3¢0,-1) P4(C,-1) 112.7
2.223 Al2 P1 Al2¢-1,0) 120.0
2.122 Al2 P4 AL3 114.5
2.359 AlL3 P4 Al2 114.5
2.359 AL3 P4 Al3(¢1,0) 109.4
2.122 P4 Al2 P1 119.8
2.359 P4 Al3 P4(-1,0) 109.4

J. Phys. Chem. Ref. Data, Monograph No. 5



80 WATSON, VAN HOVE, AND HERMANN

COMMON NAME : Au(100)-(1x1) ILLUSTRATION: 2

CLASSIFICATION : 79.8a .

TECHNIQUE : LEED

AUTHORS : E. Lang, W. Grimm and K. Heinz

REFERENCE : Surf. Sci., 117, 169 (1982)

SURFACE_TYPE STRUCTURE TYPE

Substrate : Au Adsorbate: Metastable unreconstructed surface

Crystal face: 100 Coverage :

Temperature : 100 K Pattern : (1x1)

Butk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: p4m ( 0.000, 1.000)

2D surf symm: p4m

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : Ar+ sputtering followed by annealing Contraction of first layer uncertain due to shortcomings of
above 250 K theory

Crystallinity:

Anal. methods:
Contamination: AES used to determine surface impurities

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Quasidynamical LEED (no interlayer mult scatt, RFS,
Dataset : IV curves at normal incidence for many additional damping for convergence): #0=165 K

beams; energy range 200-600 eV

STRUCTURES EXAMINED
Variation of topmost interlayer spacing

QUALITY OF EXPERIMENT-THEORY FIT

RZJ=0.147
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (R) By (A) a (°) Matrix Pattern Cell type
Bulk 2.880 0.000 0.000 2.880 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.880 0.000 0.000 2.880 90.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

0.1A error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cetl vectors; atom O at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 3 Bulk z = 2.040 &
Reg |Chem| At.| Cell| Site| Rel. Dx t e€x Dy t ey Dz * €z Dz/Bz(%) t €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.440 A 1.440 A 2.040 A

intf| Au 1 |b 1.00{ 0 0.000 f 0.000 f 0.000 A 0.0

intf| Au 2 |b 1.00( 1 0.500 f 0.500 f 2.0640 + ,100 A 100.0 £ 4.9
subl|{ Au 3 (b 1.00] 2 -0.500 f{ -0.500 f 2.040 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 1

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.880 Aui AUl(1,0)
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COMMON NAME : Au(100)-hex incommensurate

ILLUSTRATION: 3

CLASSIFICATION : 79.80
TECHNIQUE : XRD
AUTHORS : M.M, Ocko, D. Gibbs, K.G. Huang, D.M. Zehner and S.G.J.

Mochrie
REFERENCE : Phys. Rev., B44, 6429 (1991)
SURFACE TYPE STRUCTURE TYPE
Substrate : Au Adsorbate: Incommensurate hexagonal top layer, with 20% expanded
Crystal face: 100 Coverage : spacing to 2nd layer (due to variable registries); top 4
Temperature : 1100 K Pattern : incommensurate layers are found corrugated by 0.28, 0.14, 0.06, 0.02%
Bulk lattice: fcc Matrix : ( .958, 0.000) (= twice maximum excursion): this corrugation is not
2D bulk symm: p4m ( .479, .829) included in tabulation below, which assumes planar layers
2D surf symm: none

SAMPLE PREPARATION ( 1 sample)
Treatment : see Gibbs et al, Phys. Rev. B42, 7330
(1990)

Crystallinity:
Anal. methods:
Contamination:

DATA COLLECTION

Technique: XRD; synchrotron radiation (CHESS, NSLS)

Dataset : rocking curves in vertical scattering
geometry with lambda= 1.59, 1.45 and 1.39A

STRUCTURES EXAMINED

COMMENTS
At T<970 K, hexagonal top layer rotates 0.81° from alignment
with substrate, without measurable change in lateral

lattice constant, layer spacings or corrugations (but fit
vibration amplitudes are reduced);

at T>1170 K, top layer disorders

THEORY/DATA TREATMENT
Spacings, layer density and rms vibr ampl fit to specular

data; corrugations fit to superlattice reflections

Variation of top 5 layer spacings and top layer density for non-corrugated layers; variation of corrugations in top 5
layers assuming commensurate model with 6 top-layer atoms per coincidence unit cell

QUALITY OF EXPERIMENT-THEORY FIT
Chi**2=0.005 (without corrugations)

20 UNIT CELLS ( 2 domains observed )

Cell Ax (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 2.885 0.000 0.000 2.885 90.0 ¢ 1.000, 0.000) | ¢1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.762 0.000 1.381 2.392 60.0 ( .958, 0.000) | incommensurate i1: incomm.
( .479, .829) superlattice

3D COORDINATES

Aul: incommensurate top layer (actually corrugated); Au2-Au3: (1x1) layers (actually slightly corrugated)

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 Bulk z = 2.040 &
Reg |Chem| At.| Cell| Site| Rel. Dx % ex Dy % ey Dz t ez Dz/Bz(%) t €z/Bz
ion | el.| no.|[ type| occ.| to

epir -2 f f A

subr -1 1.443 A 1.443 A 2.040 A

intf| Au 1 i1 1.26( 0 0.000 f 0.000 f 0.000 A 0.0

intf| Au 2 |b 1.00( 1 0.000 f 0.000 f 2.448 ¢+ 061 A 120.0 ¢+ 3.0
intf| Au 3 |b 1.00( 2 0.500 f 0.500 f 2.081 ¢+ .061 & 102.0 + 3.0
subl| Au 4 |b 1.00( 3 0.500 f 0.500 f 2.040 A 100.0
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COMMON NAME : Au(110)-(1x2) ILLUSTRATION: S5
CLASSIFICATION : 79.25
TECHNIQUE : LEED
AUTHORS : W. Moritz and D. Wolf
REFERENCE : surf. Sci., 163, L655 (1985)
SURFACE TYPE STRUCTURE TYPE
Substrate : Au Adsorbate: Missing-row reconstruction with multilayer relaxation,
Crystal face: 110 Coverage : 2nd row pairing and 3rd row buckling
Temperature : RT Pattern : (1x2)
Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D bulk symm: pmm ¢ 0.000, 2.000)
2D surf symm: pmm
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : see W. Moritz and D. Wolf, Surf. Sci.
88, 129 (1979)
Crystallinity:
Anal. methods:
Contamination:
DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED (matrix inversion, combined-space method):
Dataset : I-V curves at normal incidence for 18 9 phase shifts; €D=170 K

beams, E<=200 eV
STRUCTURES EXAMINED
Missing-row model with variable relaxations of top three interlayer spacings, row-pairing in second layer and
buckling in third layer

QUALITY OF EXPERIMENT-THEORY FIT
RPE=0.35, RZJ=0.25

2D UNIT CELLS ( 1 domain observed )

Cell Ax (A) Ay (R) Bx (A) By (A) a () Matrix Pattern Cell type
Bulk 2.880 0.000 0.000 4.080 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.880 0.000 0.000 8.160 90.0 ( 1.000, 0.000) | (1x2) s1: commens.
( 0.000, 2.000) superlattice

3D COORDINATES

Aul: remaining row; Au2-Au3: paired 2nd layer;
Au4-AuS: buckled 3rd layer; 0.05& error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0O at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 7 Bulk z = 1.440 &
Reg |Chem| At.| Cell| Site| Rel. Dx % ex Dy t ey Dz * ez Dz/B2(%) * €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 -1.440 Al -2.040 A 1.440 A

intf| Au 1 st 1.00( 0 0.000 f 0.000 f 0.000 A 0.0

intf| Au 2 sl 1.00| 1 0.500 f 0.259 + .006 f 1.150 + .050 A 79.9 ¢+ 3.5
intf| Au 3 st 1.00) 2 0.000 f 0.482 + .006 f 0.000 A 0.0

intf| Au 4 sl 1.00f 3 -0.500 f| -0.241 = .006 f 1.350 + .050 & 93.8+ 3.5
intf| Au 5 |st 1.00| 4 0.000 f| -0.500 f 0.240 + .050 A 16.7 + 3.5
intf| Au 6 |b 1.00| 5 0.500 f 0.500 f 1.350 + .050 & 93.8+ 3.5
subl| Au 7 b 1.00{ 6 -0.500 f| -0.500 f 1.440 A 100.0
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BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles:

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°
2.880 Aul Au1(1,0)
2.804 Aul Au2 Aub 117.7
2.740 Aul AUS Aub 118.4
2.786 Au2 Au4 Aub 61.5
3.01 Au2 AubS
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COMMON NAME : Au(110)-(1x2) ILLUSTRATION: 5
CLASSIFICATION : 79.32

TECHNIQUE : MEIS

AUTHORS : M. Copel and T. Gustafsson

REFERENCE : Phys. Rev. Lett., 57, 723 (1986)

SURFACE _TYPE STRUCTURE_TYPE

Substrate : Au Adsorbate: Missing-row reconstruction with multilayer relaxation,
Crystal face: 110 Coverage : including 3rd-layer buckling

Temperature : RT Pattern : (1x2)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)

2D bulk symm: pmm ¢ 0.000, 2.000)

2D surf symm: pmm

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment

Crystallinity: well-defined (1x2) LEED pattern
Anal. methods:

Contamination:

DATA COLLECTION THEORY/DATA TREATMENT

Technique: MEIS Qualitative analysis to support missing-row model; Monte
Dataset : medium-energy proton scattering in Carlo simulations for coords; A=170 K(bulk), 130K(surf)

¢-1,1,0), ¢-1,1,1), and (0,0,1) scattering
planes: blocking and shadowing curves

STRUCTURES EXAMINED
Top two interlayer spacings varied; 3rd-layer buckling and 2nd-layer row-pairing considered: row-pairing ruled out

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (R) By (&) a (°) Matrix Pattern Cetl type
Bulk 2.885 0.000 0.000 4.080 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.885 0.000 0.000 8.160 90.0 ¢ 1.000, 0.000) | (1x2) s1: commens.
¢ 0.000, 2.000) superlattice

3D COORDINATES

Aul: remaining row; Pt2-Pt3: bulk-like 2nd layer;
Pt4-Pt5: buckled 3rd layer; 0.05A/0.1& perp/lateral error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 7 Bulk z = 1.440 &
Reg |Chem| At.| Cell| Site| Rel. Dx t ex Dy t ey Dz + ez Dz/Bz(%) ¢ €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 -1.443 Al -2.040 A 1.440 A

intf| Au 1 |81 .50 0 0.000 f 0.000 f 0.000 A 0.0

intf| Au 2 |st .50 1 0.500 f 0.250 + .012 f 1.180 + .100 & 81.9 6.9
intf| Au 3 st .50( 2 0.000 f 0.500 + .012 f 0.000 A 0.0

intf| Au 4 |s1 .50| 3 -0.500 f| -0.250 ¢+ .012 f 1.399 + .100 A 97.2 + 6.9
intf| Au 5 Is1 .50 4 0.000 f| -0.500 f 0.202 + .100 A 4.0 + 6.9
intf{ Au 6 (b 1.00| 5 0.500 f 0.500 f 1.342 + .100 & 93.2 + 6.9
subl] Au 7 |b 1.00{ 6 -0.500 f| -0.500 f 1.440 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 6

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.885 Aut Aul(1,0)
2.763 Aut Au2 Au3(1,-1) 121.5
2.763 Aut Au2 Auk 118.1
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79.32 Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°
2.781 Aul AU5 Aub 118.2
2.864 Au2 Aub AUS(0,1) 119.3
2.864 Au2 Aub Aub 61.0
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COMMON NAME : Au(110)-(1x2)

CLASSIFICATION : 79.34

TECHNIQUE : LEIS

AUTHORS : J. Moeller, K.J. Snowdon and W. Heiland
REFERENCE : Surf. Sci., 178, 475 (1986)

WATSON, VAN HOVE, AND HERMANN

ILLUSTRATION: 5

SURFACE TYPE

Substrate : Au Adsorbate:

Crystal face: 110 Coverage :

Temperature : RT Pattern : (1x2)

Bulk lattice: fcc Matrix : ( 1.000, 0.000)
2D bulk symm: pmm ¢ 0.000, 2.000)
2D surf symm: pmm

SAMPLE PREPARATION ( 1 sample)

Treatment : polishing, sputter etching, and
annealing

Crystallinity:

Anal. methods: LEED pattern

Contamination: clean by ISS standards

DATA COLLECTION

Technique: LEIS

Dataset : large angle (165°), low energy (2000 eV)
Ne+/NeO backscattering along [1,-1,21
azimuth

STRUCTURES EXAMINED
Top interlayer spacing varied

QUALITY OF EXPERIMENT-THEORY FIT

STRUCTURE TYPE
Missing-row reconstruction with relaxation of top layer
spacing

COMMENTS

THEORY/DATA TREATMENT
Calculation of low-energy ion scattering critical angles
using Moliere screening function or universal ZBL potential

Visual
2D UNIT CELLS ( 1 domain observed )
cell Ax (R) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 2.885 0.000 0.000 4.080 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.885 0.000 0.000 8.160 90.0 ¢ 1.000, 0.000) | (1x2) s1: commens.
( 0.000, 2.000) superlattice
3D COORDINATES
Aul: remaining row

Dx/Dy in A, or as a fraction of layer's unit cell vectors

; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: & Butk z = 1.440 A
Reg |Chem| At.| Cell| Site| Rel. Dx % ex Dy * ey Dz % ez Dz/Bz(%) * €z/Bz
ion | el.| no.| type| occ.| to
epir -2 f f A
subr -1 1.443 A 2.040 A 1.440 A
ovrl| Au 1 st .50{ 0 0.000 f 0.000 f 0.000 A 0.0
intf| Au 2 |b 1.00] 1 0.500 f 0.500 f 1.240 £ 070 & 86.1 + 4.9
intf| Au 3 |b 1.00( 2 -0.500 f| -0.500 f 1.440 A 100.0
subl| Au 4 |b 1.00( 3 0.500 f 0.500 f 1.440 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 5
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°
2.885 Aul AU1(1,0)
2.789 Aul Au2 Au3 56.4
2.680 Aut Au3 Aub 120.0
2.884 Au2 Au3 Aub 59.9
2.884 Au3 Au4

J. Phys. Chem. Ref. Data, Monograph No. 5



ATLAS OF SURFACE STRUCTURES

87

COMMON NAME : Au(110)-(1x2) ILLUSTRATION: 5
CLASSIFICATION : 79.66a

TECHNIQUE s XRD

AUTHORS : E. Vlieg, 1.K. Robinson and K. Kern

REFERENCE s Surf. Sci., 233, 248 (1990)

SURFACE TYPE STRUCTURE TYPE

Substrate : Au Adsorbate: Missing-row reconstruction, with multilayer relaxations down
Crystal face: 110 Coverage : to 4th layer

Temperature : RT Pattern : (1x2)

Bulk lattice: fcc Matrix : ¢ 1.000, 0.000)

2D bulk symm: pmm ¢ 0.000, 2.000)

2D surf symm: pmm

SAMPLE PREPARATION ( 1 sample)

Treatment : Ar sputtering, then 450C anneal
Crystallinity:

Anal. methods: AES

Contamination: AES: no contaminants

DATA COLLECTION

Technique: XRD; synchrotron radiation (NSLS)

Dataset : 141 reflections from 23 (hk) rods;
Lambda=1.09A

STRUCTURES EXAMINED

COMMENTS
Rms vibration amplitudes of topmost layers are found
enhanced by a factor of nearly 2 over bulk values

THEORY/DATA TREATMENT
Fitting of parameters by chi**2 minimization, including
&b for layers 1, 2 and 4

Missing-row model with perpendicular relaxations of atoms in layer 1, pairing of layers 2 and 4

QUALITY OF EXPERIMENT-THEORY FIT

Chi**2=2.6
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (R) By (k) a (°) Matrix Pattern Cell type
Bulk 2.885 0.000 0.000 4.080 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
surface 1 2.885 0.000 0.000 8.160 90.0 ¢ 1.000, 0.000) | (1x2) s1: commens.
( 0.000, 2.000) superlattice

3D COORDINATES

Aul: ridge atoms; Au2-Au3: paired 2nd layer;
Au4-AUS: planar 3rd layer; Aub-Au7: paired 4th

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom

Layer

0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Bulk z = 1.443 A
Reg [Chem| At.| Cell| Site| Rel. Dx % ex Dy * ey Dz t ez Dz/Bz(%) ¢ €z/Bz
ion | el. no.! type| occ.| to
epir -2 f f A
subr -1 1.443 A 2.040 A 1.443 A
intf| Au 1 |st .50( 0 0.000 f 0.000 f 0.000 A 0.0
intf{ Au 2 (st .50( 1 0.500 f| -0.256 ¢+ .001 f 1.123 + .100 A 77.8 £ 6.9
intf| Au 3 |s1 50| 2 0.000 f|. 0.512 ¢+ .001 f 0.000 A 0.0
intf{ Au 4 |s1 .50 3 -0.500 f| -0.756 ¢+ .001 f 1.443 A 100.0
intf{ Au 5 |s1 50| 4 0.000 f 0.500 f 0.000 A 0.0
intf] Au 6 |s1 .50( 5 0.500 f| -0.256 + .00%1 f 1.443 A 100.0
intf{ Au 7 |[s1 .50| 6 0.000 f 0.512 + .001 f 0.000 A 0.0
subl| Au 8 |b 1.00( 7 -0.500 f| -1.512 + .002 f 1.443 A 100.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 7
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°

2.885 Aul Au1(1,0) AU2¢1,0) 121.3

2.777 Aul Au2 Au2(¢1,0) 121.3

2.777 Aul Au2 Aub 117.9
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Au(110)-(1x2)

WATSON, VAN HOVE, AND HERMANN

79.66a Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°
2.850 Au2 Aub Aus(1,0) 59.6
2.850 Au2 Auk Aub(-1,0) 91.4
2.850 Au2 Aub Au7(¢0,-1) 119.2
2.850 Au2 Aub Au8 120.4
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COMMON NAME : Au(110)-(1x3) TLLUSTRATION: 7
CLASSIFICATION : 79.55.2

TECHNIQUE : MEIS

AUTHORS : P. Haberle, P. Fenter and T. Gustafsson

REFERENCE : Phys. Rev., B39, 5810 (1989)

SURFACE TYPE STRUCTURE TYPE

Substrate : Au Adsorbate: Missing-row reconstruction (facetting into 2nd layer), with
Crystal face: 110 Coverage : relaxations down to 3rd layer; this rconstruction is
Temperature : RT* Pattern : (1x3) stabilized by 0.05ML of Cs impurities

Bulk lattice: fcc Matrix : ¢ 1.000, 0.000)

2D bulk symm: pmm ( 0.000, 3.000)

2D surf symm: pmm

SAMPLE PREPARATION ¢ 1 sample) COMMENTS

Treatment : cycles of Net+ sputt. and 800 K 0.03ML of Cs produces a poorly ordered (1x5) structure

annealing, then Cs deposition
Crystallinity: clear (1x3) LEED pattern
Anal. methods: AES, LEED
Contamination: AES: 0.05¢(+0.06-0.02) ML Cs

DATA COLLECTION THEORY/DATA TREATMENT
Technique: MEIS; 65 and 150keV protons Monte Carlo simulations with R-factor analysis

Dataset : polar angular yield distributions in
several different azimuths

STRUCTURES EXAMINED
Models with varying numbers and depths of missing rows; in preferred (facetted) model, variations of 1st, 2nd and

3rd interlayer spacings and 2nd layer pairing

2D UNIT CELLS ( 1 domain observed )

cell AX (R) Ay (R) Bx (A) By (R) a (°) Matrix Pattern Cell type
Bulk 2.885 0.000 0.000 4,080 90.0 ¢ 1.000, 0.000) | (1x1 b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.885 0.000 0.000 12.240 90.0 ( 1.000, 0.000) | (1x3) s1: commens.
( 0.000, 3.000) superlattice

3D COORDINATES

Aul: ridge atom; Au2-Au3: coplanar 2nd layer atoms;
Au4-AuS-Aub: buckled 3rd layer

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Bulk z = 1.443 &
Reg |Chem| At.| Cell| Site! Rel. Dx + e€x Dy + ey Dz + €z Dz/Bz(%) *+ €z/Bz
ion | el.} no.| type| occ.| to

epir -2 f f A

subr -1 1.443 A 2.040 A 1.443 A

intf| Au 1 |st .33( 0 0.000 f 0.000 f 0.000 A 0.0

intf| Au 2 |s1 33101 0.500 f 0.160 + .007 f 1.125 + .058 A 78.0 + 4.0
intf| Au 3 |s1 330 2 0.000 f 0.680 + .007 f 0.000 A 0.0

intfi Au 4 |s1 331 3 -0.500 f| -0.173 ¢+ 007 f 1.243 + 043 A 86.2 + 3.0
intf| Au 5 |s1 33| 4 0.000 f| -0.333 f 0.000 A 0.0

intf| Au 6 |s1 .33 5 0.000 f| -0.333 f 0.140 + 040 A 9.7+ 2.8
intf| Au 7 |b 1.00( 6 -0.500 f 0.500 f 1.329 + 040 A 92.2 + 2.8
subl| Au 8 |b 1.00| 7 -0.500 f| -0.500 f 1.443 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 12

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.885 Aul AUu1(1,0) Au2 57.4
2.850 Au2 Au5 AU7¢-1, 1 175.3
2.798 Au2 Aub Au7 57.6
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Au€110)-(1x3)
79.55.2

WATSON, VAN HOVE, AND HERMANN

Bond Distances and Angles - Continued

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.713 Au2 Au7 Aub 60.6
2.680 Aul Au2 Aul(1,0) 65.1
2.680 Aul Au2 Au5 117.0
2.680 Aul Au2 Aub 54.4
2.680 Au1 Au2 Au7 116.2
2.508 Aul Aub Au2 60.4
2.508 AUl Aub Au?7 118.0
2.850 Au2 AuS Au5(1,0) 59.6
2.850 Au2 AuS AU7 56.3

J. Phys. Chem. Ref. Data, Monograph No. 5§



ATLAS OF SURFACE STRUCTURES 91

COMMON NAME : Au(110)-c(2x2)-K ILLUSTRATION: 41
CLASSIFICATION : 79.19.3
TECHNIQUE : MEIS
AUTHORS : P. Haberle and T. Gustafsson
REFERENCE : Phys. Rev., B40, 8218 (1989)
SURFACE TYPE STRUCTURE TYPE
Substrate : Au Adsorbate: K Mixed Au/K top layer, inducing spacing relaxations and
Crystal face: 110 Coverage : 0.5 K/1x1 buckling in deeper Au layers
Temperature : RT* Pattern : c(2x2)
Bulk lattice: fcc Matrix : ¢ 1.000,-1.000)
2D bulk symm: pmm ¢ 1.000, 1.000)
20 surf symm: cmm
SAMPLE PREPARATION (¢ 1 sample) COMMENTS
Treatment : K deposited from resistively heated
source

Crystallinity: good quality LEED pattern
Anal. methods: AES, TDS; ion scattering gave K

Contamination:
DATA COLLECTION THEORY/DATA TREATMENT
Technique: MEIS; 50-65keV protons Monte Carlo simulations with R-factor analysis

Dataset : polar angular yield distributions in
several different azimuths

STRUCTURES EXAMINED
Pure overlayer model and mixed top-layer model; in latter model, variation of K height, of first 2 Au-Au spacings and
of 3rd Au-layer buckling

2D UNIT CELLS ( 1 domain observed )

cell Ax (R) Ay (R) Bx (R) By (A) a (°) Matrix Pattern Cetl type
Bulk 2.885 0.000 0.000 4,080 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk tattice
( 0.000, 1.000)
Surface 1 2.885 -4.080 2.885 4.080 | 109.5 ( 1.000,-1.000) | c(2x2) s1: commens.
( 1.000, 1.000) superlattice

3D COORDINATES

K1-AuZ2: mixed non-ptanar top layer; Au3-Au4: planar 2nd Au layer;
AUS-Au6: buckled 3rd Au layer

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Butk z = 1.443 &
Reg |Chem| At.| Cell| Site| Rel. DX % €x Dy * ey Dz *+ ¢z Dz/Bz(%) ¢+ €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.443 A 2.040 A 1.443 A

intf| K 1 st .50( 0 0.000 f 0.000 f 0.000 A 0.0

intf| Au 2 |s1 .501 1 -0.500 f 0.500 f 1.050 + .150 & 72.8 + 10.4
intf| Au 3 sl .50( 2 0.000 f| -0.500 f 1.255 + .043 & 87.0 + 3.0
intfl Au 4 |si 501 3 0.500 f 0.500 f 0.000 A 0.0

intf| Au 5 |s1 .50 4 0.000 f| -0.500 f 1,327 + 072 & 92.0+ 5.0
intf| Au 6 |s1 .50 5 -0.500 f 0.500 f 0.115 + .043 A 8.0+ 3.0
intf| Au 7 |b 1.00( 6 -0.500 f| -0.500 f 1.385 ¢+ .043 & 96.0 + 3.0
subl| Au 8 |b 1.00{ 7 0.500 f 0.500 f 1.443 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 11

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
4.997 K1 K1¢1,0)
2.796 Au2 AU3 AuS 118.3
2.796 Au2 Au3 Aué 56.7
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Au(110)-c(2x2)-K

79.19.3 Bond Distances and Angles - Continued

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°

3.070 K1 Au2(1,0) K1¢1,1) 140.0
3.070 K1 Au2(¢1,0) K1¢1,0) 85.1
3.070 K1 Au2(1,0) Au3(1,0) 70.7
3.070 K1 Au2¢1,0) Aub 70.7
4,213 K1 Au2 Au3 53.5
3.399 K1 Au3 Aub 64.9
3.399 K1 Au3 AuS 70.7
2.796 Au2 Au3 Aub 58.9

J. Phys. Chem. Ref. Data, Monograph No. 5



COMMON NAME : AuCu3(

CLASSIFICATION : 29.79.
TECHNIQUE : XPD
AUTHORS :
REFERENCE : Surf.

ATLAS OF SURFACE STRUCTURES 93

100) disordered
5

Sci., 2517252, 670 (1991)

ILLUSTRATION: 135

A. Stuck, J. Osterwalder, L. Schlapbach and H.C. Poon

SURFACE TYPE
Substrate : AuCu3
Crystal face: 100
Temperature : 823 K
Bulk lattice: AuCu3
2D bulk symm: none
2D surf symm: none

SAMPLE PREPARATION ( 1
Treatment : 800 eV
to 920 K
Crystallinity: sharp LE
Anal. methods:. XPS and
Contamination: 0 and C

DATA COLLECTION
Technique: XPD; modifie

Adsorbate:

Coverage :

Pattern : disordered

Matrix : ( 1.000, 0.000)
¢ 0.000, 1.000)

sample)
Ar sputtering and annealing up
ED spots at RT

LEED
were <15% of a monolayer

d VG ESCALAB Mark 11

Dataset : Au 4f and Cu 3p polar scans at 45° above

surface

STRUCTURES EXAMINED

STRUCTURE TYPE

Disordered alloy; 50% each of Au and Cu in top layer; 100%
Cu in 2nd layer; 35% Au and 65% Cu in 3rd layer; deeper
layers contain 25% Au and 75% Cu, reflecting the
concentration of disordered bulk AuCu3

COMMENTS
For this tabulation, an ordered fcc lattice is assumed,
with lattice constant of 3.7442A

THEORY/DATA TREATMENT

Layer-type multiple-scattering calculations

A second structure was tested with 25% Au and 75% Cu in each layer to mimic complete disorder

QUALITY OF EXPERIMENT-T
Visual

HEORY FIT

2D UNIT CELLS

( 1 domain observed )

Cell Ax (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 2.648 0.000 0.000 2.648 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 5.295 0.000 0.000 5.295 90.0 ( 2.000, 0.000) | disordered m1: randomly mixed
¢ 0.000, 2.000) layer

3D COORDINATES

Aul-Cu4: top random mixed layer, Au/Cu=50/50; Cu5-Cu8: 2nd layer, 100% Cu;
Au9-Cu12: 3rd random mixed layer, Au/Cu=35/65; Aul3-Cu16: bulk random mixed layer, Au/Cu=25/75

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 16

Bulk z = 1.872 &

Reg |[Chem| At.| Cell| Site] Rel. Dx % €x Dy 2 ey Dz * ez Dz/Bz(%) + €z/Bz
ion | el.| no.! type| occ.| to

epir -2 f f A

subr -1 1.324 A 1.324 A 1.872 A

intf| Au 1 |m .25| 0 0.000 f 0.000 f 0.000 A 0.0
intf| Au 2 |mt .25 1 0.500 f 0.500 f 0.000 A 0.0
intf| Cu 3 (m .25( 1 0.500 f 0.000 f 0.000 A 0.0
intf| Cu 4 |ml .25 1 0.000 f 0.500 f 0.000 A 0.0
intf| Cu 5 (m .25( 1 0.250 f 0.250 f 1.872 A 100.0
intf| Cu 6 |ml .25 5 0.500 f 0.500 f 0.000 A 0.0
intf| Cu 7 |m .25 5 0.500 f 0.000 f 0.000 A 0.0
intf| Cu 8 |m .25 5 0.000 f 0.500 f 0.000 A 0.0
intf| Au 9 |m 34| 0 0.000 f 0.000 f 3.744 A 200.0
intf| Cu 10 (m 22| 9 0.500 f 0.500 f 0.000 A 0.0
intf| Cu 11 (ml .22| 9 0.500 f 0.000 f 0.000 A 0.0
intf| cu 12 (m .22 ¢ 0.000 f 0.500 f 0.000 A 0.0
subl | Au 13 (m1 .25, 9 0.250 f 0.250 f 1.872 A 100.0
subl| Cu 14 m .25 13 0.500 f 0.000 f 0.000 A 0.0
subl| Cu 15 (m1 .25 13 0.000 f 0.500 f 0.000 A 0.0
subl| Cu 16 |m1 .25( 13 0.500 f 0.500 f 0.000 A 0.0
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AuCu3(100) disordered
29.79.5

WATSON, VAN HOVE, AND HERMANN

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 2
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B () A-B-C (°)
2.648 Aul cu3 Au2 90.0
3.547 Aul Au2 cus 45.0

J. Phys. Chem. Ref. Data, Monograph No. §
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COMMON NAME : C(0001)-(1x1) graphite ILLUSTRATION: 157
CLASSIFICATION : 6.4

TECHNIQUE : LEED

AUTHORS : N.J. Wu and A. Ignatiev

REFERENCE : Phys. Rev., B25, 2983 (1982)

SURFACE TYPE STRUCTURE TYPE

Substrate : C Adsorbate: Bulk termination with top spacing contraction
Crystal face: 0001 Coverage :

Temperature : 300 K Pattern : (1x1)

Bulk lattice: graphite Matrix : ( 1.000, 0.000)

2D bulk symm: p3m1 ( 0.000, 1.000)

20 surf symm: p3m1

SAMPLE PREPARATION ¢ 1 sample)

Treatment :
dry N2 gas stream

Crystallinity:

Anal. methods:

natural crystal platelets cleaved in

COMMENTS

Contamination: AES: no impurity peaks in background

DATA COLLECTION

Technique: LEED

Dataset : normal incidence LEED I-V dat
beams; E-range 60-300 eV

STRUCTURES_EXAMINED

various 1st layer spacings for two stacking sequences: 1. ABABA...

QUALITY OF EXPERIMENT-THEORY FIT
RZJ=0.19

a for 13

THEORY/DATA_TREATMENT

3-fold symmetric LEED pattern indicates absence of steps

Dynamical LEED with RSP and RFS; 5 phase shifts;
22 symmetry reduced beams; Vor=-8.2 eV (fit); eD=973 K

2. AABAB...

20 UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cetl type
Bulk 2.461 0.000 -1.231 2.131 { 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
surface 1 2.461 0.000 -1.231 2.131 | 120.0 ¢ 1.000, 0.000) | ¢1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

C1,C2: topmost biatomic sheet; C3,C4: 1st biatomic sheet of bulk repeat unit;

€5,Cé: 2nd biatomic sheet of bulk repeat unit; 0.1A error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 6 Bulk z = 3.354 A
Reg [Chem| At.| Cell| Site| Rel. Dx * e€x Dy t ey Dz + ez Dz/Bz(%) + €z/Bz
ion [ el.| no.| type| occ.| to
epir -2 f f A
subr -1 0.000 A 0.000 A 6.708 A
intf| € 1 |b 1.00] 0 0.000 f 0.000 f 0.000 A 0.0
intf| € 2 |b 1.00] 1 0.333 f 0.667 f 0.000 A 0.0
subl| € 3 |b 1.00] 2 0.333 f| -0.333 f 3.304 £ .100 A 98.5 + 3.0
subl| C 4 (b 1.00] 3 -0.333 f 0.333 f 0.000 A 0.0
subl| C 5 |b 1.00| 4 -0.333 f| -0.667 f 3.354 A 100.0
subl| C 6 |b 1.00( 5 0.333 f 0.667 f 0.000 A 0.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 1
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
1.421 c1 c2 c1¢1,1) 120.0
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COMMON NAME : CC111)-(1x1) diamond ILLUSTRATION: 166
CLASSIFICATION : 6.5
TECHNIQUE : LEED
AUTHORS : W.S. Yang, J. Sokolov, F. Jona and P.M. Marcus
REFERENCE : Solid State Commun., 41, 191 (1982)
SURFACE_TYPE STRUCTURE TYPE
Substrate : C Adsorbate: Ideal bulk termination, within error bars;
Crystal face: 111 Coverage : (probably H-terminated)
Temperature : RT* Pattern : (1x1)
Bulk lattice: diamond Matrix : ( 1.000, 0.000)
2D bulk symm: p3mi ¢ 0.000, 1.000)
2D surf symm: p3m1
SAMPLE PREPARATION ( 2 sample) COMMENTS
Treatment : sample 1 natural; sample 2 boron doped; Sample 1 was insulating diamond (Lurie et al,
both acetone cleaned Surf. Sci. 65, 453 (1977));
Crystallinity: sharp (1x1) LEED pattern sample 2 was semiconducting diamond (Himpsel et al,
Anal. methods: J. Vac. Sci. Technol. 17 1085 (1980))
Contamination:
DATA COLLECTION THECRY/DATA TREATMENT
Technique: LEED Dynamical LEED: 8 phase shifts; 61 beams; rms vibr. 0.054;
Dataset : 5 LEED [-V curves at off normal incidence; Vor=-10 eV, Voi=-3eV

E range 60-220 eV

STRUCTURES EXAMINED
Varied first interplanar spacing from bulk value of 0.515A by contractions of 0.1 and 0.2&, and relaxation of
0.024

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (R) a (°) Matrix Pattern Cell type
Bulk 2.524 0.000 -1.262 2.186 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.524 0.000 ~-1.262 2.186 | 120.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

C1, €C2: top bilayer; C3, C4: bulk bilayer;
0.1& error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 Bulk z = 2.061 &
Reg [Chem| At.| Cell| Site| Rel. Dx % e€x Dy % ey Dz + ez Dz/Bz(%) t €z/Bz
ion ;| el. no.| type| occ.{ to

epir -2 f f A

subr -1 1.262 A 0.729 A 2.061 A

intf| C 1 |b 1.00| O 0.000 f 0.000 f 0.000 A 0.0

intf|j C 2 |b 1.00( 1 0.667 f 0.333 f 0.515 + .100 A 25.0 £ 4.9
subl| € 3 |b 1.00( 2 0.000 f 0.000 f 1.546 A 75.0

subl] C 4 |b 1.00| 3 -0.333 f 0.333 f 0.515 A 25.0

BOND DISTANCES AND ANGLES

*Bond distances and angles are derived from coordinates

No. of distances/angles: &

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
1.546 c1 c2 c1¢, N 109.5
1.546 c1 c2 c3 109.5
1.546 c2 c1¢1, 1 c2(1,1) 109.5
1.546 c2 c3 C4 109.5
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COMMON NAME ¢ €(0001)-(2x2)-Cs
CLASSIFICATION : 6.55.3
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ILLUSTRATION: 162

TECHNIQUE : LEED
AUTHORS : 2.P. Hu, Jia Li, N.J. Wu and A. Ignatiev
REFERENCE : Phys. Rev., B39, 13201 (1989)

SURFACE TYPE

Substrate : C Adsorbate: Cs

Crystal face: 0001 Coverage : 0.25 Cs/1x1
Temperature : RT* Pattern : (2x2)

Bulk lattice: graphite Matrix : ( 2.000, 0.000)

2D bulk symm: p3m1
2D surf symm: p3mi

SAMPLE PREPARATION ( 1 sample)
Treatment : graphite cleaved
Crystallinity:

Anal. methods:

Contamination:

DATA COLLECTION
Technique: LEED

¢ 0.000, 2.000)

Dataset : I-V curves for 4 beams (55<E<200 eV) at
normal incidence; cumutative E range 450 eV

STRUCTURES EXAMINED

STRUCTURE TYPE
Atomic Cs adsorbed in six-fold coord. hollow sites
on unrelaxed bulk-like substrate

COMMENTS

Low step-density area chosen by monitoring 3-fold symmetry
of LEED IV curves; R-factor used is average of ROS,R1,R2,
RPE,RZY

THEORY/DATA TREATMENT
Dynamical LEED (RSP, RFS); 5 phase shifts, @D(Cs)=40 K

Cs in 1) hollow and 2) top sites with variation of Cs-C spacing and 1st C-C layer spacing; 3) (Cs hollow)A/BAB
(/=disordered Cs); 4)(Cs)A/AB; 5) /A/AB; 6)/A/BA

QUALITY OF EXPERIMENT-THEORY FIT
R(5ave)=0.23 for 1)

2D UNIT CELLS

( 1 domain observed )

Cell AX (R) Ay (A Bx (A) By (R) a (°) Matrix Pattern Cell type
Bulk 2.460 0.000 -1.230 2.130 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 4.920 0.000 -2.460 4.261 | 120.0 ( 2.000, 0.000) | (2x2) s1: commens.
¢ 0.000, 2.000) superlattice

3D COORDINATES

Csi: overlayer in 6-fold coord. hollows; C2-C5: substrate repeat unit, with 2 biatomic sheets;

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 5

Bulk z = 3.350 &

Reg [Chem| At.| Cell| Site| Rel. Dx * ex Dy : ey Dz + ez Dz/Bz(%) t €z/Bz
ion | el.| no.[ type| occ.| to

epir -2 f f A

subr -1 0.000 A 0.000 A 6.700 A

intf| Cs 1 [s1 .25 0 0.000 f 0.000 f 0.000 + .100 A 0.0+ 3.0
subl| C 2 (b 1.00| 1 -0.333 f| -0.667 f 2.800 + .100 & 83.6 + 3.0
subl] C 3 |b 1.00| 2 0.667 f 0.333 f 0.000 A 0.0

sublj C 4 |[b 1.00( 3 -0.333 f 0.333 f 3.350 £+ .100 A 100.0 + 3.0
subt] C 5 (b 1.00] 4 0.333 f| -0.333 f 0.000 A 0.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 2

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
3.140 Cst c2
1.420 c2 c3 c2¢1,1) 120.0
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COMMON NAME : €(0001)- (/3x/3)R30°-Cs
CLASSIFICATION : 6.55.2

ILLUSTRATION:

TECHNIQUE : LEED
AUTHORS : 2.P. Hu, Jia Li, N.J. Wu and A. Ignatiev
REFERENCE : surf. Sci., 218, 283 (1989)

163

SURFACE TYPE

STRUCTURE TYPE

Substrate : C Adsorbate: Cs Atomic Cs adsorbed in six-fold coord. hollow sites;
Crystal face: 0001 Coverage : 1/3 Cs/1x1 top graphite layer shifted to a (Cs)AABAB stacking, with
Temperature : RT* Pattern : (¥3x/3)R30° expanded interlayer spacing between 2 top A layers

Bulk lattice: graphite Matrix : ( 2.000, 1.000)

2D bulk symm: p3m1 (-1.000, 1.000)

2D surf symm: p31m

SAMPLE_PREPARATION ( 1 sample)
Treatment : graphite cleaved
Crystallinity:

Anal. methods:

Contamination:

DATA COLLECTION
Technique: LEED

COMMENTS

Low step-density area chosen by monitoring 3-fold symmetry

of LEED IV curves; R-factor used is average of ROS,

R1,R2,

RPE,RZJ; the only fractional beam is given double weight;
d2(C-C first layer spacing) for (Cs)A/AB varied from 3.25-

6.25A; best-fit d2=3.85A means no Cs intercalation

THEORY/DATA TREATMENT
Dynamical LEED (RSP, RFS): 5 phase shifts

Dataset : I-V curves for 2 int. beams (55<E<200 eV)
and 1 fract. beam (35<E<95 eV) at normal

incidence

STRUCTURES EXAMINED

Cs in 1) hollow and 2) top sites with variable height; 3) (Cs)A/BAB (/=disordered Cs); &) (Cs)A/AB; 5) /A(Cs)AB;
6) (Cs)A(Cs)AB with relaxation of Cs-C spacing and 1st C-C layer spacing allowed; disordered Cs not modeled, but
inferred from large C-C spacing, if present (see comment)

QUALITY OF EXPERIMENT-THEORY FIT
R(5ave)=0.18 for 4)

2D UNIT CELLS ( 1 domain observed )
cell Ax (R) Ay (B Bx () By (A1) a (°) Matrix Pattern Cell type
Bulk 2.460 0.000 -1.230 2.130 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 3.690 2.130 -3.690 2.130 | 120.0 ¢ 2.000, 1.000) | (V/3x/3)R30° s1: commens.
(-1.000, 1.000) superlattice

3D COORDINATES

Cs1: overlayer in 6-fold coord. hollows; C2-C3: shifted graphite sheet;
C4-C7: substrate repeat unit, with 2 biatomic sheets; 0.1& error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom O at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 7

Butk z = 3.350 A

Reg |Chem{ At.| Cell| Site| Rel. Dx  ex Dy t ey Dz + ez Dz/Bz(%) t €z/Bz
ion | el.[ no.| type| occ.| to

epir -2 f f A

subr -1 0.000 [} 0.000 A 6.700 A

intf| Cs 1 |s1 .331 0 0.000 f 0.000 f 0.000 + .100 A 0.0+ 3.0
intf| C 2 |b 1.00( 1 -0.333 f| -0.667 f 2.650 + 100 & 78.1+ 3.0
intfj C 3 b 1.00| 2 0.667 f 0.333 f 0.000 A 0.0

subl| C 4 |b 1.00] 1 -0.333 fl -0.667 f 6.500 + .100 A 194.0 + 3.0
subl| C 5 |b 1.00] 4 0.667 f 0.333 f 0.000 A 0.0

subl| € 6 |b 1.00| 5 -0.333 f 0.333 f 3.350 + .100 & 100.0 + 3.0
subl C 7 |b 1.00| 6 0.333 f| -0.333 f 0.000 A 0.0
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€(0001)-(/3x/3)R30°-Cs
6.55.2 BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 2

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
3.010 Cs1 c2
3.850 c2 c4 c5 90.0

J. Phys. Chem. Ref. Data, Monograph No. 5
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COMMON NAME

CLASSIFICATION : 6.1.1a
TECHNIQUE : MEIS
AUTHORS

REFERENCE

WATSON, VAN HOVE, AND HERMANN

: C(M1)-(1x1)-H (diamond)

: T.E. Derry, L. Smit and J.F. van der Veen
: Surf. Sci., 167, 502 (1986)

ILLUSTRATION:

166

SURFACE TYPE

x ¢ ( 1.000, 0.000)

)

STRUCTURE TYPE
Unreconstructed bulk diamond termination between bilayers,
probably stabilized by H, with minor C-C spacing contraction
in top bilayer (H positions not determined, but probably

¢ 0.000, 1.000)

Substrate : C Adsorbate: H
Crystal face: 111 Coverage :
Temperature : RT* Pattern : (1x1
Bulk lattice: diamond Matri

2D bulk symm: p3m1

2D surf symm: p3mi

SAMPLE PREPARATION ( 1 sample)

Treatment

annealing to 1073 K
Crystallinity: sharp (1x1) pattern; 4° misorientation

Anal. methods:

: semicond. diamond: ultrasonic cleaning,

Contamination: O removed by annealing; H present

DATA COLLECTION

Technique: MEIS; 98keV proton beam

Dataset

: incidence along [-1-1-1] and [00-1];

detection in (1-10) plane; all angular
channels monitored simultaneously

STRUCTURES EXAMINED

COMMENTS

terminate dangling bonds)

from 1.4 to 2 relative to butk

THEORY/DATA TREATMENT

Surface atoms have vibration amplitudes enhanced by a factor

Medium-energy ion scattering: blocking and shadowing
interpretation by Monte Carlo simulation of ion trajectories

Various 1st layer spacings in conjunction with different enhancements of surface and subsurface vibrations

(K ignored)

QUALITY OF EXPERIMENT-THEORY FIT

Determined by mean-square deviations

2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 2.524 0.000 -1.262 2.186 | 120.0 ( 1.000, 0.000) (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.524 0.000 -1.262 2.186 | 120.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

C1-C2: top bilayer, with slightly contracted spacing; C3-C4: periodically repeating bulk bilayer

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: & = 2.061 A
Reg |Chem| At.] Cell| Site| Rel. Dx * ex Dy % ey Dz + ez Dz/Bz(%) * €z/Bz
ion | el. no.| type| occ.| to
epir -2 f f A
subr -1 -1.262 A 0.729 A 2.061 A
intf| C 1 |b 1.00( © 0.000 f 0.000 f 0.000 A 0.0
intf| C 2 |b 1.00( 1 0.667 f 0.333 f 0.510 + .005 A 24.8 ¢ 2
subl| € 3 |b 1.00| 2 0.000 f 0.000 f 1.546 A 75.0
subl| C 4 |b 1.00] 3 -0.333 f 0.333 f 0.515 A 25.0
BOND DISTANCES AND ANGLES
Bond distances and angles are derived from coordinates
No. of distances/angles: 3
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
1.544 ct c2 c1¢1,0) 109.7
1.544 c1 c2 c3 109.3
1.546 c2 c3 C4 109.5
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ILLUSTRATION: 164

COMMON NAME : €(0001)-1K disordered underlayer
CLASSIFICATION : 6.19.2a

TECHNIQUE : LEED

AUTHORS : N.J. Wu and A. Ignatiev
REFERENCE : Phys. Rev., B28, 7288 (1983)
SURFACE TYPE

Substrate : C Adsorbate: K

Crystal face: 0001
Temperature : RT*

Bulk lattice: graphite
2D bulk symm: p3m?1

2D surf symm: none

Coverage :

Pattern : disordered

Matrix : ( 1.000, 0.000)
¢ 0.000, 1.000)

SAMPLE PREPARATION ( 1 sample)

Treatment : natural platelets cleaved in N2 stream;
K evaporated

monitored by LEED

AES

AES: 0.06 monolayer O

Crystallinity:
Anal. methods:
Contamination:

DATA COLLECTION

Technique: LEED

Dataset : normal incidence LEED I-V data 80<E<280 eV
for 2 beams, taken at 3 different stages
of intercalation

STRUCTURES EXAMINED

STRUCTURE TYPE

Atomic K intercalated between first two graphite sheets;
K assumed in 6-fold hollows of 1st and 2nd C layers;
graphite has AABA.. stacking;

much expanded spacing between first two graphite sheets;
K assumed disordered with 0.25ML coverage

COMMENTS

With increasing K exposure, K induces shear shift of the
graphite layers to A/A/A/A (/= disordered K) stacking, with
AA spacing increased to 5.35 A from bulk value of 3.35 &;

K assumed random;

6-fold LEED pattern symmetry shows presence of steps

THEORY/DATA TREATMENT
Dynamical LEED (RSP, RFS):
incoherent scatterer

5 phase shifts; K treated as

1. K adsorbed onto C(0001) in (1x1) pattern; 2. K assumed between first two carbon layers, with ABAB..

stacking sequence of C and dilated first layer spacing; 3. as in 2. but substrate in AABA..

top C-C spacing varied 3.35-5.65A; K ignored for 2.,

QUALITY OF EXPERIMENT-THEORY FIT

stacking sequence;

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay () Bx (R) By (A) a (°) Matrix Pattern Cell type

Bulk 2.460 0.000 -1.230 2.130 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)

Surface 1 2.460 0.000 -1.230 2.130 | 120.0 ¢ 1. 000 0.000) | disordered nd1: non-recon.
¢ 0.000, 1.000) lattice-~gas dis

3D COORDINATES
C1,C2: top graphite sheet; K3: disord. intercalate, coverage unknown (assumed 0.25);

C4-C7: substrate repeat unit,

with 2 biatomic sheets; 0.1A error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 7 Bulk z = 3.350 &
Reg (Chem{ At.| Cell| Site| Rel. Dx t ex Dy * ey Dz + ez Dz/Bz(%) + €z/Bz
ion | el. no.| type| occ.| to

epir -2 f f A

subr -1 0.000 A 0.000 A 6.700 A

intf| C 1 b 1.00] 0 0.000 f 0.000 f 0.000 A 0.0

intf| C 2 |b 1.00] 1 0.667 f 0.333 f 0.000 A 0.0

intf| K 3 |ndl .25) 2 -0.333 f 0.333 f 2.675 + .100 A 79.9 + 3.0
subl| C 4 |b 1.00{ 3 -0.333 f| -0.667 f 2.675 ¢+ .100 & 79.9+ 3.0
subl| C 5 |b 1.00| 4 0.667 f 0.333 f 0.000 A 0.0

subl| C 6 |b 1.001 5 -0.333 f 0.333 f 3.350 A 100.0

subl| C 7 |b 1.00( 6 0.333 f[ -0.333 f 0.000 A 0.0
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€(0001)-1K disordered underlayer
6.19.2a

WATSON, VAN HOVE, AND HERMANN

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 6
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (4) A-B-C (°)
1.420 c1 c2 K3 76.4
3.029 c1 K3 c2 27.1
3.029 c1 K3 K3¢0,1) 114.0
3.029 c1 K3 C4(¢0,1) 152.9
3.029 ci K3 cé 124.1
3.029 c1 K3 c5 132.1
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ATLAS OF SURFACE STRUCTURES

COMMON NAME : C(0001)-2K disordered underlayers
CLASSIFICATION : 6.19.2b

TECHNIQUE : LEED

AUTHORS : N.J. Wu and A. Ignatiev
REFERENCE : Phys. Rev., B28, 7288 (1983)

103

ILLUSTRATION: 165

SURFACE _TYPE

Substrate : C Adsorbate: K

Crystal face: 0001 Coverage :

Temperature : RT* Pattern : disordered
Bulk lattice: graphite Matrix : ( 1.000, 0.000)
2D bulk symm: p3ml ¢ 0.000, 1.000)
2D surf symm: none

SAMPLE PREPARATION ( 1 sample)

Treatment

Crystallinity:
Anal. methods:
Contamination:

: natural platelets cleaved in N2 stream;

K evaporated
monitored by LEED

AES

AES: 0.06 monolayer O

DATA COLLECTION

Technique: LEED

Dataset : normal incidence LEED I-V data 80<E<280 eV
for 2 beams, taken at 3 different stages
of intercalation

STRUCTURES EXAMINED

STRUCTURE TYPE

Atomic K intercalated between first 3 graphite sheets;
K assumed in 6-fold hollows of C layers;

graphite has AAABA.. stacking;

much expanded spacing between first 3 graphite sheets;
K assumed disordered

COMMENTS

With increasing K exposure, K induces shear shift of the
graphite layers to A/A/A/A (/= disordered K) stacking, with
AA spacing increased to 5.35 A from bulk value of 3.35 &;

K assumed random;

6-fold LEED pattern symmetry shows presence of steps

THEORY/DATA TREATMENT
Dynamical LEED (RSP, RFS); 5 phase shifts; K treated as
incoherent scatterer

1. K adsorbed onto €(0001) in (1x1) pattern; 2. K assumed between first three carbon layers, with ABAB..
stacking of C sheets and dilated first 2 layer spacings; 3. as in 2. but substrate in AAABA.. stacking sequence;
top C-C spacings varied 3.35-5.654; K ignored for 2., 3.

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
cell Ax (R) Ay (R) Bx (R) By (A) a (°) Matrix Pattern Cell type
Bulk 2.460 0.000 ~1.230 2.130 | 120.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.460 0.000 ~1.230 2.130 | 120.0 ( 1.000, 0.000) | disordered nd1: non-recon.
¢ 0.000, 1.000) lattice-gas dis

3D COORDINATES

C1,C2 and C3,C4: first and second graphite sheets; K3,Ké6: disord. intercalates (coverage assumed 2x0.25);
C7-C10: substrate repeat unit, with 2 biatomic sheets; 0.1A error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 10 Bultk z = 3.350 &
Reg [Chem| At.| Cell| Site| Rel. Dx * e€x Dy % ey Dz + ez Dz/Bz(%) + €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 0.000 A 0.000 A 6.700 A

intf| C 1 b 1.00] O 0.000 f 0.000 f 0.000 A 0.0

intf| ¢ 2 |b 1.00( 1 0.667 f 0.333 f 0.000 A 0.0

intf| K 3 |ndl 251 2 -0.333 f 0.333 f 2.675 ¢+ .100 & 79.9+ 3.0
intf}] C 4 |b 1.00| 3 -0.333 f| -0.667 f 2.675 ¢+ .100 A 79.9 + 3.0
intf} C 5 (b 1.00| 4 0.667 f 0.333 f 0.000 A 0.0

intf| K 6 |nd2 .25| 5 ~-0.333 f 0.333 f 2.675 + 100 A 79.9+ 3.0
subl| C 7 (b 1.00]| 6 ~-0.333 f| -0.667 f 2.675 + .100 A 79.9 + 3.0
subt| C 8 |b 1.00| 7 0.667 f 0.333 f 0.000 & 0.0

subl| C 9 b 1.00| 8 ~0.333 f 0.333 f 3.350 A 100.0

subl! € 10 |b 1.00} 9 0.333 f| -0.333 f 0.000 A 0.0
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€(0001)-2K disordered underlayers
6.19.2b

WATSON, VAN HOVE, AND HERMANN

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 6
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
1.420 c1 c2 K3 76.4
3.029 c1 K3 c2 27.1
3.029 c1 K3 K3¢0,1) 114.0
3.029 c1 K3 C4(0,1) 152.9
3.029 c1 K3 c4 124.1
3.029 c1 K3 c5 132.1
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COMMON NAME : Ca0n(100)-¢1x1) ILLUSTRATION: 149
CLASSIFICATION : 20.8.1
TECHNIQUE : LEED
AUTHORS : M. Prutton, J.A. Ramsey, J.A. Walker and M.R. Welton Cook
REFERENCE : J. Phys., C12, 5271 (1979)
SURFACE TYPE STRUCTURE TYPE
Substrate : Ca0 Adsorbate: Unreconstructed Ca0 termination with contraction of top
Crystal face: 100 Coverage : interlayer spacing and no buckling in mixed top layer
Temperature : 300 K Pattern : (1x1)
Bulk lattice: NaCl Matrix : ¢ 1.000, 0.000)
2D bulk symm: p4m ( 0.000, 1.000)
2D surf symm: p4m
SAMPLE PREPARATION ( 2 sample) COMMENTS
Treatment : Ca0 crystal cleaved at room temperature
at 2E-10 torr
Crystallinity:

Anal. methods:
Contamination: clean as-cleaved sample by EELS and AES

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED (CAVLEED package): 9 phase shifts from
Dataset : I-V spectra for 39 beams at incident Clementi wavefunctions (equal radii for anion and cation)

angles ©=0, 5, 10, and 20°, and ¢=0 to
45°: 120<E<400 ev

STRUCTURES EXAMINED
5% relaxations of first interlayer spacing with no cation/anion buckling; bucklings of 2% or 6% did not
improve agreement with experiment

QUALITY OF EXPERIMENT-THEORY FIT

RZJ=0.156
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R Ay (R) Bx (&) By (&) a (°) Matrix Pattern Cell type
Bulk 3.403 0.000 0.000 3.403 90.0 ¢ 1.000, 0.000) (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 3.403 0.000 0.000 3.403 90.0 ( 1.000, 0.000) (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Ca1-02: top mixed layer; Ca5-06: repeating bulk mixed layer;

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 6 Bulk z = 2.406 &
Reg [Chem| At.] Cell]| Site| Rel. Dx % e€x Dy % ey Dz t €z Dz/Bz(%) + €z/Bz
ion | el. no.| type| occ.| to

epir -2 f f A

subr -1 1.701 A 1.701 A 2.406 A

intf| Ca 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0

intf| O 2 |b 1.00( 1 0.500 f 0.500 f 0.000 + .100 A 0.0 + 4.2
intf| O 3 |b 1.00| 2 -0.500 f| -0.500 f 2.376 + .100 A 98.8 + 4.2
intf| Ca 4 ib 1.00] 3 0.500 f 0.500 f 0.000 A 0.0

subl| Ca 5 |b 1.00] & -0.500 f| -0.500 f 2.406 A 100.0

subl} O 6 |b 1.00] 5 0.500 f 0.500 f 0.000 A 0.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 2

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
3.403 Cal cal(1,0) Ca4 59.8
2.376 Cal 03 Caé4 90.0
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COMMON NAME 1 €dS(11-20)-(1x1) ILLUSTRATION: 125
CLASSIFICATION : 48.16.1
TECHNIQUE : LEED
AUTHORS : A. Kahn, C.B. Duke and Y.R. Wang
REFERENCE : Phys. Rev., B&44, 5606 (1991)
SURFACE _TYPE STRUCTURE TYPE
Substrate : Cds Adsorbate: Top-layer atoms have relaxations both parallel and
Crystal face: 11-20 Coverage : perpendicular to the surface, with a bond-length-
Temperature : 50 K Pattern : (1x1) conserving rotation of the surface Cd-S-Cd and
Bulk lattice: wurtzite Matrix : ( 1.000, 0.000) S-Cd-S triplets by 30°, followed by a 0.1A
2D bulk symm: p1 ( 0.000, 1.000) contraction of the first layer toward the bulk
2D surf symm: p1
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : cleavage in ultra high vacuum
Crystallinity:
Anal. methods:
Contamination:
DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED; computer based aquisition system Dynamical LEED: 6 phase shifts, Vor=-10 eV; mfp=104
Dataset : I-V curves for 15 beams, energy range '
35-250 eV

STRUCTURES EXAMINED
Varied were: a. tilt of plane defined by the S-Cd-S triplet; b. spacing between the Cd-subplanes in the
first and second layers and buckling in second layer

QUALITY OF EXPERIMENT-THEORY FIT
RX=0.21, RI=0.083

2D UNIT CELLS ( 1 domain observed )

Celt Ax (R) Ay (R) Bx (A) By (R) a (°) Matrix Pattern Cell type
Bulk 6.749 0.000 0.000 7.162 90.0 ¢ 1.000, 0.000) | ¢1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 6.749 0.000 0.000 7.162 90.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

§1-52-Cd3-Cd4: buckled top layer with S outermost; $5-$6-Cd7-Cd8: planar periodically repeating bulk layer;
0.1A error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Bulk z = 2.067 A
Reg {Chem| At.! Cell| Site| Rel. DX * ex Dy + ey Dz : ez Dz/Bz(%) t €z/Bz
ion | el.| no.| type] occ.| to

epir -2 f f A

subr -1 0.000 A 3.581 A 2.067 A

intf| s 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0

intf] S 2 |{b 1.00] 1 0.500 f 0.405 f 0.000 A 0.0

intf] cd 3 Ib 1.00f 2 -0.286 f| -0.117 f 0.650 + .100 A 31.4 + 4.8
intf| cd 4 |b 1.00] 3 0.500 f| -0.216 f 0.000 A 0.0

subl| s 5 |b 1.00| 1 0.000 f 0.500 f 2.150 ¢ .100 & 104.0 + 4.8
subl| S 6 |b 1.00( 5 0.500 f 0.333 f 0.000 A 0.0

subl| Cd 7 |b 1.00| 6 -0.345 f 0.000 f 0.000 A 0.0

subl| cd 8 ib 1.00| 7 0.500 f| -0.333 f 0.000 A 0.0
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Bond distances and angles are derived from coordinates

No. of distances/angles: 10
Interatomic Atom A Atom B Atom C Bond angle

dist. A-B (&) A-B-C
2.595 $1 cd3 s2 135.6
2.595 cd3 s1 €d6(0,-1) 86.3
2.595 S1 cd3 s5 107.7
2.102 s1 Cd4(-1,0) $2¢-1,0) 126.5
2.673 $1 €dé(¢0,-1) cd3 46.0
2.205 S2 cd3 st 135.6
2.205 s2 cd3 sS 115.9
2.863 s2 Cd4 $1¢1,0) 126.5
2.863 s2 Cd4 $7¢0,-1) 112.6
2.487 s2 Cd8 cd3 35.9
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COMMON NAME : CdSe(10-10)-(1x1) ILLUSTRATION: 124
CLASSIFICATION : 48.34.2

TECHNIQUE : LEED

AUTHORS : Y.R. Wang, C.B. Duke, A. Paton, K. Stiles and A. Kahn

REFERENCE : Phys. Rev., B36, 9406 (1987)

SURFACE TYPE STRUCTURE TYPE

Substrate : CdSe Adsorbate: Retaxed bulk termination: top Cd-Se layer buckled
Crystal face: 10-10 Coverage : (Se outward, Cd inward)

Temperature : 125 K Pattern : (1x1)

Bulk lattice: wurtzite Matrix : ( 1.000, 0.000)

2D bulk symm: pm ¢ 0.000, 1.000)

2D surf symm: pm

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : cleaved in situ Published coordinates give unusually long and short
Crystallinity: bond lengths (eds.)

Anal. methods:

Contamination:

DATA COLLECTION THEORY/DATA TREATMENT

Technique: LEED Dynamical LEED with R-factor minimisation

Dataset : I-V spectra for 14 beams

2D UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (R) Bx (A) By (R) a () Matrix Pattern Cell type
Bulk 4.300 0.000 0.000 7.020 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 4.300 0.000 0.000 7.020 90.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Sel1-Cd2: buckled top bilayer, Se outward; Cd5-Seé and Cd7-Se8: 2 bulk bilayers, together forming
repeating bulk set of layers

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Bulk z = 3.725 A
Reg |Chem| At.| Cell| Site| Rel. Dx t ex Dy + ey Dz + ez Dz/Bz(%) ¢ €z/Bz
ion | el. no.| type| occ.| to

epir -2 f f A

subr -1 -2.150 A 0.000 A 3.725 A

intf| se 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0

intf| Cd 2 |b 1.00| 1 0.000 f 0.345 + .028 f 1.030 + .200 A 27.7 £+ 5.4
intf| cd 3 |b 1.00] 2 0.500 f 0.584 + .028 f 0.410 + .200 & 11.0 £ 5.4
intf| Se 4 |b 1.00( 3 0.000 f| -0.429 + .028 f 0.000 + .100 & 0.0 £+ 2.7
subl | cd 5 |b 1.00| 4 0.000 f| -0.125 f 2.483 A 66.7

subl| se 6 |b 1.00] 5 0.000 fi -0.375 f 0.000 A 0.0

subl| cd 7 |[b 1.00( 6 -0.500 f 0.875 f 1.242 A 33.3

subl| Se 8 |b 1.00( 7 0.000 f| -0.375 f 0.000 A 0.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 11

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.632 Se1 cd2 Se4 118.4
2.633 cds Seb Se8 90.0
2.633 Seb €d7¢0,-1) Se8 70.5
2.632 Sel cd2 cd5 111.6
2.635 Sel Cd3¢0,-1) Se4(0,-1) 100.9
2.635 Se1 Cd3¢0,-1) Seb 119.9
2.444 Cd2 Se4 cd5 90.6
3.012 Cd3 Sel tds 109.5
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48.34.2 Bond Distances and Angles - Continued
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (R) A-B-C (°)
2.533 cd3 $e6(0,1) cd7 113.4
2.634 Se4 cd5 sSeb 109.5
2.633 cd5 Seb Cd7(¢0,-1) 109.5
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COMMON NAME : CdSe(10-10)-(1x1) ILLUSTRATION: 124
CLASSIFICATION : 48.34.4b
TECHNIQUE : LEPD
AUTHORS : C.B. Duke, D.E. Lessor, T.N. Horsky, G. Brandes, K.F.
Canter, P.H. Lippel, A.P. Mills, A. Paton and Y.R. Wang

REFERENCE : J. Vac. Sci. Technol., A7, 2031 (1989)
SURFACE_TYPE STRUCTURE TYPE
Substrate : CdSe Adsorbate: Top layer buckled with Se outermost, second layer shows
Crystal face: 10-10 Coverage : small buckling with Cd outermost; also relaxations
Temperature : 300 K Pattern : (1x1) parallel to surface of the atoms in the top two layers
Bulk lattice: wurtzite Matrix : ( 1.000, 0.000)
2D bulk symm: pm ( 0.000, 1.000)
2D surf symm: pm
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : cleavage in ultra high vacuum
Crystallinity:
Anal. methods: LEED
Contamination:
DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEPD Dynamical LEPD: Vor=2 eV
Dataset : I-V curves for 14 beams, energy range

20-160 ev

STRUCTURES EXAMINED
Varied were: a. tilt of plane defined by the Se-Cd-Se triplet; b. spacing between the Cd-subplanes in the
first and second layers and buckling in second layer

QUALITY OF EXPERIMENT-THEORY FIT
RX=0.08, R1=0.06

20 UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (&) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 4,300 0.000 0.000 7.020 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 4.300 0.000 0.000 7.020 90.0 ( 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) supertattice

3D COORDINATES

Se1-Cd2: buckled top layer, Se outward; Cd3-Se4: buckled second layer, Cd outward;
Cd5-Seb6-Cd7-Se8: 2 planar bulk layers repeated periodically; 0.1& error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Bulk z = 3.720 &
Reg {Chem| At.| Cell| Site] Rel. Dx % ex Dy & ey Dz + ez Dz/Bz(%) + €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 -2.150 A 0.000 A 3.720 A

intf| Se 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0

intf| cd 2 |b 1.00} 1 0.000 f 0.638 + 014 f 0.680 + .100 A 18.3 ¢+ 2.7
intf} Cd 3 |b 1.00| 2 0.500 fl -0.564 ¢+ .014 f 0.650 + .100 A 17.5 ¢+ 2.7
intf| Se 4 |b 1.00| 3 0.000 f 0.426 + .014 f 0.050 + .100 & 1.3+ 2.7
subl| Cd 5 b 1.00| 4 0.000 f 0.155 f 2.480 A 66.7

subl| Se 6 |b 1.00{ 5 0.000 f| -0.655 f 0.000 A 0.0

subl| cd 7 |b 1.00| 6 -0.500 f 0.155 f 1.240 A 33.3

subl| Se 8 |b 1.00| 7 0.000 f 0.345 f 0.000 A 0.0
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Bond distances and angles are derived from coordinates

No. of distances/angles: &8
Interatomic Atom A Atom B Atom C Bond angle

dist. A-B (A) A-B-C
2.630 Sel €d2(¢0,-1) Se4(0,-1) 117.0
2.581 Sel cd3 Sel1(1,0) 112.8
2.581 Sel cd3 Sed 102.1
2.630 Cd2 Se1(0, 1 cd3¢o, 1) 93.5
2.460 cd2 Se4 cd2(1,0) 121.8
2.581 cd3 Se1(1,0) cd2¢1,-1) 93.5
2.991 Ccd3 Se4 cd2¢1,0) 112.9
2.460 Se4 €d2(¢1,0) Sel1(1,1) 117.0
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COMMON NAME : CdSe(11-20)-(1x1) ILLUSTRATION: 125
CLASSIFICATION : 48.34.4a
TECHNIQUE : LEPD
AUTHORS : C.B. Duke, D.E. Lessor, T.N. Horsky, G. Brandes, K.F.
Canter, P.H. Lippel, A.P. Mills, A. Paton and Y.R. Wang

REFERENCE : J. Vac. Sci. Technol., A7, 2031 (1989)
SURFACE TYPE STRUCTURE TYPE
Substrate : CdSe Adsorbate: Top-layer atoms have relaxations with a bond-length-
Crystal face: 11-20 Coverage : conserving rotation of the surface Cd-Se-Cd and
Temperature : 105 K Pattern : (1x1) Se-Cd-Se triplets by 27°, followed by a contraction
Bulk lattice: wurtzite Matrix : ( 1.000, 0.000) of the first layer toward the bulk; 2nd layer also has
2D bulk symm: p1 ( 0.000, 1.000) a small buckling, with Cd outermost
2D surf symm: p1
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : cleavage in ultra high vacuum
Crystallinity:
Anal. methods: LEED
Contamination:
DATA_COLLECTION THEORY/DATA TREATMENT
Technique: LEPD Dynamical LEPD: Vor=2 eV
Dataset : I-V curves for 14 beams, energy range

20-160 eV

STRUCTURES EXAMINED
Varied were: a. tilt of plane defined by the Se-Cd-Se triplet; b. spacing between the Cd-subplanes in the
first and second layers and buckling in second layer

QUALITY OF EXPERIMENT-THEORY FIT
RX=0.12, R1=0.04

2D UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 7.020 0.000 0.000 7.448 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 7.020 0.000 0.000 7.448 90.0 ( 1.000, 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Sel-Se2-Cd3-Cd4: buckled top layer with Se outermost; Se5-Seé-Cd7-Cd8: buckled second layer;
Se9-Se10-Cd11-Cd12: planar periodically repeated bulk layer; 0.1 error bar assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom O at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 12 Bulk z = 2.150 &
Reg |[Chem| At.| Cell{ Site| Rel. Dx ¢ ex Dy t ey Dz + ez Dz/Bz(%) * €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 0.000 A 3.726 A 2.150 A

intf| Se 1 1b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0

intf{ se 2 |b 1.00( 1 0.500 + .014 f 0.403 + .013 f 0.000 A 0.0

intf| cd 3 |b 1.00| 2 -0.295 + .014 f| -0.070 ¢+ .013 f 0.610 + .100 & 28.4 £ 4.7
intf| cd 4 |b 1.00( 3 0.438 + .014 f| -0.264 & .013 f 0.000 A 0.0

intf{ Se 5 b 1.001 1 0.000 f 0.500 f 2.230 £ 100 A 103.7 = 4.7
intf| se 6 |b 1.00| 5 0.500 f 0.333 f 0.000 A 0.0

intf| cd 7 |b 1.00| 6 -0.345 f 0.000 f 0.120 A 5.6

intf| cd 8 Ib 1.00| 7 0.500 f| -0.333 f 0.000 A 0.0

subl|] se 9 |b 1.00| 5 0.000 f 0.500 f 2.170 £ 100 & 100.9 + 4.7
subl| se 10 (b 1.00| 9 0.500 f 0.333 f 0.000 A 0.0

subl| cd 1 |b 1.00| 10 -0.345 f 0.000 f 0.000 A 0.0

subl| cd 12 |b 1.00| 11 0.500 f| -0.333 f 0.000 A 0.0
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Bond distances and angles are derived from coordinates

No. of distances/angles: 10
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.933 Sel cd3 se2 126.8
2.745 Cdé Se2 cd3 93.8
2.933 Sel cd3 cd4 87.6
2.635 Se1 Cd4(-1,0) se2(¢-1,0) 118.3
2.872 Se1 €d7¢0,-1) $e5¢0,-1) 102.0
2.221 Se2 cd3 se5 126.8
2.745 Se2 Cdé cd3 37.5
2.688 Se2 Cd8 cdé 48.5
2.221 cd3 Se2 cd4 93.8
2.497 cd3 Se5 cd7 104.6
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COMMON NAME : CdTe(110)-(1x1) ILLUSTRATION: 116

CLASSIFICATION : 48.52.2

TECHNIQUE : LEED

AUTHORS : C.B. Duke, A. Paton, W.K. Ford, A. Kahn and G. Scott

REFERENCE : J. Vac. Sci. Technol., 20, 778 (1982)

SURFACE TYPE STRUCTURE _TYPE

Substrate : CdTe Adsorbate: Relaxed bulk termination with 30.5° tilt in top layer

Crystal face: 110 Coverage :

Temperature : 110 K Pattern : (1x1)

Bulk lattice: zincblende Matrix : ( 1.000, 0.000)

2D bulk symm: pm ¢ 0.000, 1.000)

20 surf symm: pm

SAMPLE PREPARATION ( 3 sample) COMMENTS

Treatment : 3 separate in situ cleaves: Top layer is characterized by bond length conserving
experimental data averaged rotations of 30.5° and contraction of 0.05:0.05A

Crystallinity: towards the substrate; observed reconstruction is almost

Anal. methods: identical with that observed in InSb(110); more complete

Contamination: monitored by LEED and AES account given in Duke et al, Phys. Rev. B24, 3310 (1981)

DATA COLLECTION THEORY/DATA TREATMENT

Technique: LEED Dynamical LEED: E-dependent exchange potentials from over-

Dataset : I-V spectra: 12 beams at normal incidence tapping selfconsistent relativistic atomic charge densities

STRUCTURES EXAMINED
1. unreconstructed surface; 2. bond relaxations perpendicular to surface;
3. bond rotation top-layer reconstruction, 2nd layer shears

QUALITY OF EXPERIMENT-THEORY FIT

RX=0.2
20 UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (R) a (°) Matrix Pattern Cell type
Bulk 4.582 0.000 0.000 6.480 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 4.582 0.000 0.000 6.480 90.0 ¢ 1.000, 6.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Te1-Cd2, Cd3-Te4: 2 bilayers with tilted Cd-Te chains; Cd7-Te8: periodically repeating bulk bilayer;
0.1A error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0O at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Bulk z = 2.291 &
Reg [Chem| At.| Cell| Site| Rel. Dx % e€x Dy + ey Dz * ez Dz/Bz(%) t+ €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 2.291 A 3.240 A 2.291 A

intf| Te 1 |b 1.00( O 0.000 f 0.000 f 0.000 A 0.0

intf| cd 2 |b 1.00( 1 0.500 f 0.216 + .015 f 0.820 + .100 & 35.8+ 4.4
intf| cd 3 |b 1.00] 2 -0.500 f 0.594 + 015 f 1.560 £+ .100 A 68.1 + 4.4
intf| Te 4 |b 1.00] 3 0.500 f| -0.250 £+ .015 f 0.180 + .100 A 7.9+ 4.4
intf| Cd 5 |b 1.00§ 4 0.000 f| -0.250 £+ .015 f 2.100 + .100 A 9.7+ 4.4
intf| Te 6 |b 1.00f 5 -0.500 f| -0.250 f 0.000 A 0.0

subt | cd 7 |b 1.00( 6 0.000 f 0.750 f 2.291 A 100.0

subl| Te 8 |b 1.00( 7 0.500 f| -0.250 f 0.000 [} 0.0
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Bond distances and angles are derived from coordinates

No. of distances/angles: 10
Interatomic Atom A Atom B Atom C Bond angle

dist. A-8 (4) A-B-C (°
2.807 Tel Ccd2 Tel¢1,0) 109.4
2.797 cd3 Te6(0,1) cd7 109.3
2.807 Tel Cd2 Teb 124.9
2.680 Tel €d3(0,-1) Te4(0,-1) 108.8
2.680 Tel cd3¢0,-1) Teb 117.3
2.828 Cd2 Te4 cd3 114.5
2.828 cd2 Te4 cd5 90.3
2.812 cd3 Te4 €d3¢1,0) 109.1
2.812 cd3 Teh cd5 113.7
2.797 cd3 Teb6¢0,1) €d5¢0,1) 109.5
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COMMON NAME : CdTe(110)-(1x1) ILLUSTRATION: 116
CLASSIFICATION : 48.52.6

TECHNIQUE : LEED

AUTHORS : P.G. Powell and V.E. de Carvalho

REFERENCE : J. Phys., C21, 2983 (1988)

SURFACE TYPE STRUCTURE TYPE

Substrate : CdTe Adsorbate: Relaxed bulk termination with 30° tilt in top layer
Crystal face: 110 Coverage :

Temperature : RT Pattern : (1x1)

Bulk lattice: zincblende Matrix : ¢ 1.000, 0.000)

2D bulk symm: pm ( 0.000, 1.000)

2D surf symm: pm

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : cleaved in situ

Crystallinity:

Anal. methods:
Contamination: monitored by AES and LEED

DATA COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED: 10 phase shifts; 120 beams; Voi=-4 ev;
Dataset : IV spectra: 12 inequivalent beams at ©=0°, Vor=-5.6 eV (fit); @0=250 K (surface), 600K (bulk), both fit
6 at 40° and 5 at 25°; off normal data for
incidence in the mirror plane

STRUCTURES EXAMINED
Top layer buckling, retaxation, anion and cation lateral shifts and second bilayer buckling and relaxation were
optimized using an unconstrained optimisation algorithm

QUALITY OF EXPERIMENT-THEORY FIT

RPE=0.64
2D UNIT CELLS ( 1 domain observed )
Cell AX (R) Ay (R) Bx (A) By (&) a (°) Matrix Pattern Cell type
Bulk 4.582 0.000 0.000 6.480 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 4.582 0.000 0.000 6.480 90.0 ( 1.000, 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Te1-Cd2, Cd3-Te4: 2 bilayers with tilted Cd-Te chains; Cd5-Teé: bulk bitayer;
Te7-Cd8: periodically repeating bulk bilayer; 0.1A lateral error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Bulk z = 2.291 &
Reg |Chem| At.| Cell| Site| Rel. Dx * ex Dy * ey Dz + ez Dz/Bz(%) * €z/Bz
ion | el.{ no.| type| occ.| to

epir -2 f f A

subr -1 -2.291 A 3.240 A 2.2 A

intf| Te 1 |b 1.00| 0 0.000 f 0.000 f 0.000 A 0.0

intf| cd 2 |b 1.00( 1 0.500 f 0.216 =+ 015 f 0.820 + .100 A 35.8+ 4.4
intf| cd 3 Ib 1.00} 2 -0.500 f 0.560 =+ .015 f 1.610 + 150 & 70.3 + 6.5
intf| Te 4 |b 1.00{ 3 0.500 f| -0.250 f 0.080 + .060 A 3.5+ 2.6
intf| cd 5 |[b 1.00| 4 0.000 f| -0.250 f 2.240 + .080 & 97.8 + 3.5
intf| Te 6 |b 1.00| 5 -0.500 f| -0.250 f 0.000 A 0.0

subl| Te 7 |b 1.00| 6 0.500 f 0.500 f 2.291 A 100.0

subl| cd 8 |b 1.00| 7 -0.500 f 0.250 f 0.000 A 0.0
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Bond distances and angles are derived from coordinates

No. of distances/angles: 11
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.807 Tel Ccd2 Tel1(1,0) 109.4
2.806 cd5 Teb Cd8¢0,-1) 109.5
2.806 cd5 Te? cd8 109.5
2.807 Tel Cd2 Te4 124.7
2.831 Tel cd3¢0,-1) Te4(0,-1) 108.7
2.831 Tel Cd3¢0,-1) Teb 114.2
2.625 cd2 Te4 cd5 94.2
2.807 cd3 Teh cd5 111.2
2.830 cd3 Te6(0,1) cds 109.8
2.764 Ted cds Teb 109.8
2.764 Te4 Ccd5 Te?7 108.9
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COMMON NAME : Co(0001)-(¢1x1) ILLUSTRATION: 19
CLASSIFICATION : 27.5a
TECHNIQUE : LEED
AUTHORS : B.W. Lee, R. Alsenz, A. Ignatiev and M.A. Van Hove
REFERENCE : Phys. Rev., B17, 1510 (1978)
SURFACE TYPE STRUCTURE TYPE
Substrate : Co Adsorbate: Buik hcp termination
Crystal face: 0001 Coverage :
Temperature : 300 K Pattern : (1x1)
Bulk lattice: hep Matrix : ( 1.000, 0.000)
2D bulk symm: p3m1 ¢ 0.000, 1.000)
2D surf symm: p3m1
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : annealing below 623 K to avoid Bulk has (martensitic) phase transformation from hcp to fcc
martensitic transformation at 450C
Crystallinity:
Anal. methods:
Contamination: C (main contaminant): in AES noise
DATA_COLLECTION THEORY/DATA TREATMENT
Technique: LEED Dynamical LEED (RFS): Moruzzi-Janak-Williams potential,
Dataset : I-V spectra: (6=0,¢=0): 10 and 01 beams, 8 phase shifts; Vor=-16.0 eV, Voi=-5.0eV; €0=315 K
(e=6°,¢=0): 00, 10, 01, -10, -11, -21
beams

STRUCTURES EXAMINED
Hep/fce terminations on hcep/fcc bulk with top layer spacing varied from 1.85 to 2.15A in steps of 0.05A

QUALITY OF EXPERIMENT-THEORY FIT

Visual
2D UNIT CELLS ( 1 domain observed )
Cell Ax (R) Ay (R) Bx (A) By (A) a (°) Matrix Pattern Cell type
Bulk 2.520 0.000 1.260 2.182 60.0 ( 1.000, 0.000) (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.520 0.000 1.260 2.182 60.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Dx/Dy in &, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 4 Bulk z = 2.050 A
Reg [Chem{ At.| Cell| Site| Rel. Dx t e€x Dy + ey Dz t ez Dz/Bz(%) % €z/Bz
fon | el.| no.[ type| occ.| to

epir -2 f f A

subr -1 0.000 A 0.000 A 4,100 A

intf| Co 1 |b 1.00{ 0 0.000 f 0.000 f 0.000 A 0.0

intf| Co 2 b 1.00{ 1 0.333 f 0.333 f 2.050 + 050 A 100.0 + 2.4
subl| Co 3 (b 1.00| 2 -0.333 f| -0.333 f 2.050 A 100.0

subl| Co 4 |b 1.00| 3 0.333 f 0.333 f 2.050 A 100.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: §

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (%)
2.520 Co1 Co1(1,0) Co2(1,0) 120.1
2.520 Co1 Co1¢1,0) Co2 59.9
2.514 Col Co2 Co2(1,0) 120.1
2.514 Col Co2 Co3(1,0) 146.4
2.514 col Co2 Co3 109.3
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COMMON NAME : Co(10-10)-(1x1) ILLUSTRATION: 20
CLASSIFICATION : 27.9a

TECHNIQUE : LEED

AUTHORS : M. Lindroos, C.J. Barnes, P. Hu and D.A. King

REFERENCE : Chem. Phys. Lett., 173, 92 (1990)

SURFACE TYPE STRUCTURE TYPE

Substrate : Co Adsorbate: Relaxed bulk with lower-corrugation termination (of
Crystal face: 10-10 Coverage : two possible terminations for a (10-10) hcp surface)
Temperature : RT* Pattern : (1x1) and muttilayer relaxations

Bulk lattice: hep Matrix : (¢ 1.000, 0.000)

2D bulk symm: pmm ( 0.000, 1.000)

2D surf symm: pmm

SAMPLE PREPARATION ( 1 sample) COMMENTS

Treatment : cycles of sputtering/annealing, and

oxidation/reduction
Crystallinity: sharp low-background LEED
Anal. methods:

Contamination:

DATA _COLLECTION THEORY/DATA TREATMENT

Technique: LEED; Auto-LEED system Dynamical LEED (layer doubling, composite layers):
Dataset : 1V curves for 8 inequivalent beams, E-indep. Vor, Voi (fit); eD=385 K

50<E<250 eV, normal incidence

STRUCTURES EXAMINED
Two different bulk terminations, fit of top 3 interlayer distances for preferred termination

QUALITY OF EXPERIMENT-THEORY FIT
Several R-factors used

2D UNIT CELLS ( 1 domain observed )

Cell Ax (A) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Butk 2.512 0.000 0.000 4.077 90.0 ¢ 1.000, 0.000) | (1x1) b: bulk lattice
( 0.000, 1.000)
Surface 1 2.512 0.000 0.000 4,077 90.0 ¢ 1.000, 0.000) | (1x1) s1: commens.
( 0.000, 1.000) superlattice

3D COORDINATES

Col-Co4: have relaxed interlayer spacings; Co7-Co8: periodically repeating set of bulk layers

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 8 Bulk z = 1.450 &
Reg [Chem| At.| Cell| Site| Rel. Dx % e€x Dy % ¢y Dz + ez Dz/Bz(%) t €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 0.000 A 2.039 A 2.175 A

intf| Co 1 |b 1.00| 0 0.000 f 0.500 f 0.000 A 0.0

intf| Co 2 (b 1.00]| 1 0.500 f| -0.500 f 0.678 + .015 A 46.8 + 1.0
intf]| Co 3 |b 1.00| 2 -0.500 f 0.000 f 1.465 ¢+ .029 A 101.0 + 2.0
intf| Co 4 |b 1.00| 3 0.500 f 0.500 f 0.725 + .015 A 50.0 + 1.0
intf| Co 5 (b 1.00( 4 -0.500 f 0.000 f 1.450 A 100.0

intf| Co 6 |b 1.00| 5 0.500 f| -0.500 f 0.725 A 50.0

subl} Co 7 (b 1.00| 6 -0.500 f 0.000 f 1.450 A 100.0

subl| Co 8 |b 1.00| 7 0.500 f 0.500 f 0.725 A 50.0

BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 7

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.512 Co1l Co1(1,0) Co2(1,0) 120.3
2.489 Co1 Co2 Co3 83.0
2.957 Co1 Co3 Co4 69.4

J. Phys. Chem. Ref. Data, Monograph No. 5



120

Co(10-10)-(1x1)
27.9a

WATSON, VAN HOVE, AND HERMANN

Bond Distances and Angles - Continued

Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (A) A-B-C (°)
2.957 Col Co3 Co4(0,-1) 140.5
2.957 Co1 Co3 Co4(-1,0) 69.4
1.929 Co2 Co3 Co4 83.9
2.992 Co2 Co4 Co5 123.6
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COMMON NAME = Co(10-10)-(1x1) ILLUSTRATION: 20
CLASSIFICATION : 27.10
TECHNIQUE : LEED
AUTHORS : H. Over, G. Kleinle, G. Ertl, W. Moritz, K.H. Ernst, H.
Wohlgemuth, K. Christmann and E. Schwarz
REFERENCE : Surf. Sci., 254, L469 (1991)
SURFACE TYPE STRUCTURE TYPE
Substrate : Co Adsorbate: Relaxed bulk with lower-corrugation termination (of
Crystal face: 10-10 Coverage : two possible terminations for a (10-10) hcp surface)
Temperature : RT* Pattern : (1x1)
Bulk lattice: hcp Matrix : (¢ 1.000, 0.000)
20 bulk symm: pmm (¢ 0.000, 1.000)
2D surf symm: pmm
SAMPLE PREPARATION ( 1 sample) COMMENTS
Treatment : cycles of sputtering and annealing Care was taken not to go beyond 680 K in the annealing
Crystallinity: s0 as not to cross hcp to fcc transition at 700K
Anal. methods: HREELS to control cleanliness
Contamination:
DATA COLLECTION THEQRY/DATA TREATMENT
Technique: LEED; Auto-lLeed system Dynamical LEED (layer doubling, composite layers):
Dataset : IV curves for 8 inequivalent beams, automatic search for fit; E-dep. Vor, Voi (fit); eD=450 K

70<E<380 eV, normal incidence

STRUCTURES EXAMINED
Two different bulk terminations, fit of 7 interlayer distances

QUALITY OF EXPERIMENT-THEORY FIT
RPE=0.310, RDE=0.240

2D UNIT CELLS ( 1 domain observed )

Cell Ax (R) Ay (B) Bx (R) By (A) a (°) Matrix Pattern Cell type
Bulk 2.507 0.000 0.000 4.070 90.0 ¢ 1.000, 0.000) | ¢1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 2.507 0.000 0.000 4.070 90.0 (1. 000 0.000) (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Col-Co7 have relaxed interlayer spacings; Co8-Co9 periodically repeating set of bulk layers;

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 9 Bulk z = 1.436 &
Reg {Chem| At.| Cell| Site| Rel. Dx + ex Dy t ey Dz + ez Dz/Bz(%) *+ €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 1.254 A 0.000 A 2.154 A

intf| Co 1 ib 1.00{ O 0.000 f 0.500 f 0.000 A 0.0

intf| Co 2 |b 1.00( 1 0.500 f| -0.500 f 0.625 + .003 A 43.5+ .2
intf| Co 3 |b 1.00f 2 0.000 f 0.500 f 1.458 =+ 003 A 101.5 + .2
intf| Co 4 |b 1.00| 3 0.500 f| -0.500 f 0.722 + .005 A 503+ .3
intf]| Co 5 (b 1.00] 4 0.000 f 0.500 f 1.436 £ .010 A 100.0 + .7
intf| Co 6 |b 1.00( 5 0.500 f| -0.500 f 0.724 + .016 A 50.4 + 1.1
intf| Co 7 |b 1.00} 6 0.000 f 0.500 f 1.403 + .055 A 97.7+ 3.8
subl| Co 8 b 1.00( 7 0.500 f| -0.500 f 0.730 + .040 & 50.8 + 2.8
subl| Co 9 |b 1.00| 8 0.000 f 0.500 f 1.436 A 100.0
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BOND DISTANCES AND ANGLES

Bond distances and angles are derived from coordinates

No. of distances/angles: 6
Interatomic Atom A Atom B Atom C Bond angle
dist. A-B (&) A-B-C (°)
2.507 Co1 Co1(1,0) Co2(¢1,1) 120.5
2.507 Col Co1(1,0) €02(0,1) 59.5
2.507 Cot Col1(1,0) Co3(1,1) 90.0
2.470 Col Co2(0,1) Col(¢1,1) 150.7
2.470 Cotl C02(0,1) Co1(1,0) 61.0
2.470 Col C02(0,1) Co1¢0,1) 110.9
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COMMON NAME t Co(11-20)-(1x1)
CLASSIFICATION : 27.8

TECHNIQUE : LEED
AUTHORS : M. Welz, W. Moritz and D. Wolf
REFERENCE : Surf. Sci., 125, 473 (1983)

ILLUSTRATION: 21

SURFACE TYPE

Substrate : Co Adsorbate:

Crystal face: 11-20 Coverage :

Temperature : 600 K Pattern : (1x1)

Bulk lattice: hcp Matrix : ( 1.000, 0.000)
2D bulk symm: pmg ¢ 0.000, 1.000)

2D surf symm: pmg

SAMPLE PREPARATION ( 1 sample)

Treatment : spark erosion, chemical polishing, >100
sputter/anneals

Crystallinity: sharp LEED pattern with low background

Anal. methods:

Contamination: C, S removed by sputtering and heating

DATA COLLECTION

Technique: LEED

Dataset : I-V spectra for 6 beams at normal
incidence up to 240 eV

STRUCTURES EXAMINED

STRUCTURE TYPE

Bulk termination with top spacing contraction,
but no registry shift

COMMENTS

RZ2J minimizes at top spacing of 1.16A with Vor=-15.5 ev;
RPE minimizes at top spacing of 1.13A with Vor=-16 ev;
sample temperature was maintained at all times below the
hep-fece transition temperature;

hence large number of ion bombardment/anneal cycles

THEORY/DATA TREATMENT
Dynamical LEED: Co potential from band structure calcs,
8 phase shifts, up to 102 symm. beams; Voi=-5 eV; @D=385 K

Top layer spacing varied from 1.25A (bulk value) to 1.07& in steps of 0.03A4; lateral shift of top layer atoms
along (1-10) direction varied from -0.05 to 0.10& in steps of 0.054

QUALITY OF EXPERIMENT-THEORY FIT
RPE=0.22, RzJ=0.09

2D UNIT CELLS

(¢ 1 domain observed )

Cell Ax (R) Ay (R) Bx (R) By (R) a (°) Matrix Pattern Cell type
Bulk 4.070 0.000 0.000 4.340 90.0 ( 1.000, 0.000) | (1x1) b: bulk lattice
¢ 0.000, 1.000)
Surface 1 4.070 0.000 0.000 4.340 90.0 (1. 000 0.000) | (1x1) s1: commens.
¢ 0.000, 1.000) superlattice

3D COORDINATES

Co1-Co2, Co3-Co4, Co5-Cob: coplanar bilayers; 0.1A lateral error bars assumed for tabulation

Dx/Dy in A, or as a fraction of layer's unit cell vectors; atom 0 at the origin. Epir/subr are bulk repeat vectors.

No. of atoms: 6

Bulk z = 1.250 &

Reg |Chem| At.| Cell] Site| Rel. DX % &x Dy * ey Dz + €z Dz/Bz(%) * €z/Bz
ion | el.| no.| type| occ.| to

epir -2 f f A

subr -1 0.000 A 0.000 A 2.500 A

intf| Co 1 |Ib 1.00| O 0.000 f 0.000 f 0.000 A 0.0

intf| Co 2 |b 1.00| 1 0.500 f 0.333 f 0.000 A 0.0

subl| Co 3 |b 1.00] 2 -0.500 f 0.167 + .023 f 1.140 + 040 A 91.2 + 3.2
subl| Co 4 |b 1.00| 3 0.500 f 0.333 f 0.000 A 0.0

subl| Co 5 |b 1.00| 4 -0.500 f| -0.833 f 1.250 A 100.0

subl| Co 6 |b 1.00] 5 0.500 f 0.333 f 0.000 A 0.0

BOND DISTANCES AND ANGLES

Bond distances and angles are <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>