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ABSTRACT

This report gives a brief summary of the technical activities conducted in

the NBS Surface Science Division during Fiscal Year 1987. These activities

include surface -standards work, experimental and theoretical research in

surface science, the development of improved measurement methods, and applica-

tions to important scientific and national problems. Listings are given of

publications, talks, Division staff, and guest scientists.

key words: surface chemistry; surface physics; surface science; surface

standards



FOREWORD

This report is a brief summary of the technical activities of the NBS
Surface Science Division for the period October 1, 1986 to September 30, 1987.
The report was prepared as part of the Annual Report of the Center for Chemical
Physics within the National Measurement Laboratory of NBS.

Section 1 of the report contains narrative descriptions of technical
projects within three program areas: surface standards, surface measurements,
and surface competence. Sections 2 and 3 contain listings of papers published
and talks presented during the year. The Division staff are listed in section
4 and guest scientists who have worked in the Division in section 5.

Further information on the activities of the Division can be obtained by
contacting Dr. C. J. Powell, Chemistry B-248, National Bureau of Standards,
Gaithersburg, MD 20899 (telephone, 301-975-2534).

NOTE: Certain commercial equipment, instruments, or materials are identified
in this report in order to adequately specify the experimental procedure. Such
identification does not imply recommendation or endorsement by the National
Bureau of Standards, nor does it imply that the materials or equipment iden-

tified are necessarily the best available for the purpose.
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1. SUMMARY OF TECHNICAL WORK

(a) Introduction

Over the last ten years, there has been a dramatic growth in surface

science and its applications. A large number of techniques are utilized for

surface characterization. A choice of one or more techniques is made typically

on the basis of the property to be measured, the specimen material, and the

specific needs (e.g., spatial resolution, chemical information, sensitivity,

degree of difficulty, and cost). Most surface analyses, for example, are now

qualitative since there are very few standard procedures and limited reference

data and reference materials.

The goal of the Surface Science Division is to improve the quality of

existing surface-characterization measurements and to extend the present capa-

bility. Specific objectives of the Division are to: perform research so as to

develop improved methodologies; provide data for surface properties and

processes; develop standards in cooperation with relevant organizations; and

develop expertise to provide new measurement services. These objectives are

met organizationally through three formal NBS programs: surface standards,

surface measurements, and surface competence. This report contains brief
descriptions of work conducted during 1987 in these three programmatic areas;

further information on. these activities is contained in a more detailed
Division report prepared in 1986 (Technical Activities 1986 - Surface Science
Division, C. J. Powell, editor, NBSIR 86-3491, December, 1986).

(b) Surface Standards Program

The Division improves the quality of surface measurements through the
development of reference data, reference materials, and reference procedures.
New calculations have been made of inelastic electron mean free paths in
thirty-one materials in the energy range important for quantitative surface
analyses by Auger-electron spectroscopy and x-ray photoelectron spectroscopy
(XPS) . From these calculations, a general formula has been developed to pred-
ict inelastic mean free paths in other materials. New measurements of electron
attenuation lengths are being made in a number of molecular solids using an
improved measurement method developed at NBS. High-accuracy measurements have
been made of core-electron binding energies for copper, silver, and gold and
found to correspond, within the combined uncertainties, with independent
measurements at the UK National Physical Laboratory. These data will be useful
for the calibration of XPS energy scales. Work is nearing completion on a

compilation and evaluation of elemental sputtering yields, data important for
the calibration of the depth scales when ion bombardment is used with surface
analysis to obtain depth profiles.

A new batch of the Ni/Cr multi-layer thin-film SRM 2135 has been
characterized and will be issued shortly. A new "marker" type of multilayer
material consisting of about 3 ML of Cr2 0 3

between much thicker Cr layers is

under development. Sputter-depth profiles of Ni/Ag multi-layered thin-film
structures have broad interfaces when measured at room temperature on account
of radiation-enhanced diffusion. When measured above 130°C, however, the
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profiles are much sharper due apparently to the annealing of bombardment-
produced defects.

The Division provides leadership to standards committees, particularly to

ASTM Committees E-42 on Surface Analysis and D-32 on Catalysts and to the

Surface Chemical Analysis Working Party of the Versailles Project on Advanced
Materials and Standards (VAMAS) . The latter group is an international coopera-
tion involving the USA, Canada, UK, FRG, France, Italy, Japan, and the European
Economic Community; at present, 12 projects are underway and others are
expected to be initiated. Liaison is made between this VAMAS group, the ASTM
E-42 Committee, and an active IUPAC Working Group on Surface Analysis.
Finally, workshops and conferences have been organized to promote the develop-
ment of needed reference procedures in surface analysis.

(c) Surface Measurements Program

The Division undertakes a number of projects directed to improved
determinations of surface properties and processes. New techniques are

developed along with theories of the measurement processes. Applications to

important scientific and national problems are pursued. One area of importance
concerns the "high- temperature" superconductivity materials which have caused
great excitement in the scientific community as well as interest by the admin-
istration during the past year. In collaboration with scientists at NRL,
Division staff made the first measurements of the photoelectron spectra of
YBa2 Cu3

0
7

to compare with electronic structure calculations. The measurements
showed two unexpected results: the density of states at the Fermi level was
small and the Cu was in the +2 oxidation state with no evidence for the +3

state

.

In another area, measurements are made of the reaction kinetics and the
structures of molecules on single-crystal surfaces to understand heterogeneous
catalytic chemistry. In preliminary experiments, monolayer films of platinum
have been deposited on a W(110) surface and shown to have chemisorption
properties quite different from those of clean tungsten or platinum surfaces
alone. This work will be extended to search for unusual catalytic activity of
the Pt/W system. Division staff have constructed a novel digital- imaging
instrument to give direct information on the structure of adsorbed molecules
using the NBS-developed Electron Stimulated Desorption Ion Angular Distribution
method. This instrument has been used to investigate the interactions of the
first-row protic hydrides (H2 0, NH

3 ,
and HF) with both stepped and planar

Si (100) surfaces. All molecules adsorb dissociatively between 125 and 300 K
and structures of the adspecies on both types of silicon surfaces have been
determined. Similar measurements have been made to investigate the orientation
of H2 0 on a Cu(110) surface; at 90 K, H2 0 adsorbs molecularly with tendency to

cluster into hydrogen-bonded dimers. In related work, inelastic incoherent
neutron scattering has been employed to characterize the adsorption and
absorption of hydrogen by palladium black, a high-surface-area Pd powder.
These experiments at the NBS reactor have shown the presence of subsurface
hydrogenic species in addition to the expected bulk and surface phases.
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Synchrotron radiation is used in a number of Division projects (at both

the NBS SURF facility and the Brookhaven National Synchrotron Light Source)

.

In addition to the experiments on the superconducting materials mentioned

earlier, investigations have been made of the interaction of H2
0 with

Ti02
(llO)surfaces ,

in one case with a near-perfect surface and in another case

with a surface having numerous defects. The reactivity of H2 0 was greater on

the "defective" Ti02 surface which was shown to have traces of Ti3+
,
Ti2+

,
and

metallic Ti whereas the more perfect surface was almost completely TiA+ .

Molecular dynamics calculations have been made to give a better understanding

of the effects of defect structures on particular surface properties. In other

experiments, a new mechanism was found for the photon- stimulated desorption of

ions from an MgO surface: core-exciton- induced desorption. This and other

mechanisms of surface decomposition are important in establishing rates of beam

damage in other surface spectroscopies. Recent collaborative work at the

Cornell synchrotoron has shown that chemisorbed monolayers can be detected

using glancing- incidence x-ray diffraction to excite transverse x-ray standing
waves. Finally, improved devices have been developed in which a photovoltaic
x-ray detector has been fabricated on a silicon monochromator crystal; such

devices are efficient and useful for instrumental alignment.

The pathways and rates of energy transfer at surfaces remain key un-

resolved issues for understanding chemical reactions at interfaces. In
cooperation with the Laser Spectroscopy Group, the Division utilizes both the

temporal and spectral characteristics available in state-of-the-art lasers to

address the issues of energy transfer on surfaces. Laser-excited fluorescence
along with multi-photon ionization are used as state-specific probes of laser-

induced desorption processes. Investigations of the desorption of NO from Pt

surfaces have shown that there is non-equilibrium partitioning of kinetic and
internal energy at all laser wavelengths studied. This result indicates that
the desorption does not occur through a NO resonance but through a coupling
with the substrate, perhaps involving electron-hole pair excitations. In other
experiments, vibrational lifetimes have been measured on a series of metal-
cluster carbonyls in solution and for metal particles on Si02 . Complementary
theoretical studies are being made to elucidate the roles of quasi-periodic
versus chaotic intramolecular dynamics as applicable in molecule-surface
collisions and in surface vibrational spectroscopies. Another theoretical
study has demonstrated that chemical selectivity can be obtained in the
scattering of polyatomic molecules by surfaces.

(d) Surface Competence Program

The Surface Competence Program (initiated in 1984) has two components:
"Novel Two-Dimensional Materials" and "State Characterization of Energetic
Species Ejected from Surfaces". The objective of the first component is to

synthesize and determine the fundamental chemical properties of ultrathin
layered materials with layers so thin (a few atoms thickness) that they exhibit
two-dimensional behavior. The objective of the second component is to under-
stand the excitation dynamics by which atoms and molecules are desorbed from
surfaces in ion- sputtering processes as well as in electron- and photon-
stimulated processes. Each program component consists of several technical
proj ects

.
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Within the first program component, the x-ray photoelectron spectroscopy
(XPS) searchlight effect has been applied to the characterization of the growth
modes of ultra-thin metal films. Superlattice structures consisting of Cu and
Fe layers on Cu(100) have been successfully prepared with film thicknesses of

1, 2, and 3 monolayers and atomically sharp interfaces. These structures have
been found to have novel magnetic properties: the Fe layers are ferromagnetic
and the magnetic moment is perpendicular to the film plane with a large
anisotropy. In other experiments, the XPS searchlight effect has been used to

study the initial stages of Schottky barrier formation when Ni is deposited on
GaAs(llO); it was found that Ni replaced both Ga and As in the second and third
atomic layers beneath the surface. A second- generation design has been develo-
ped for the ovens that generate ultra- thin metal films by molecular beam
epitaxy. The new ovens are both simple, compact, and effective. Four such
ovens are being mounted on a single flange and will be used to fabricate non-
equilibrium ordered alloys, a new class of materials, by alternating monolayer
deposition. An auxiliary vacuum chamber has also been constructed to perform
Mossbauer spectroscopy on superlattice structures containing iron films using
an electron multiplier to detect the conversion electrons.

In a separate project, the microstructure of YBa2 Cu3
Q 7 _ x (0<x<0.5) has

been examined by field- ion microscopy (FIM) . Specimens from nominally super-
conducting and nonsuperconducting samples (determined by magnetic suscep-
tibility measurements) were studied by FIM and significant differences were
found. Preferential imaging of atomic or molecular layers, due to preferential
field evaporation, field .ionization, or both, was found in the superconducting
phase below the transition temperature, and is interpreted as possible evidence
for the occurrence of relatively highly conducting layers in the YBa2 Cu3

0
7 _ x

unit cell perpendicular to the orthorhombic c-axis.

The nucleation and growth of crystalline layers of Cr on W and of Cr on Re
has been studied using field-electron emission microscopy. Two different modes
of nucleation on W(100) were found to occur at room temperature, depending only
on the angle of incidence of the Cr flux. In separate work, it has been
demonstrated that the field- ion microscope atom probe can measure compositional
changes and impurity distributions at metal-metal interfaces with monolayer
resolution.

Theoretical contributions have been made to the understanding of the

fractional quantum Hall effect. A particular type of off-diagonal long-range
order has been shown to lead to the fractional quantum Hall effect. This
result extends the analogies previously found between superconductivity and
superfluidity; both types of systems have dissipationless transport because of
a remarkably low density of excited states at low energies.

Within the second program component, new instrumentation has been designed
and built to determine the energy states of sputtered neutral particles by
resonant multiphoton ionization and time-of-flight mass spectrometry. Follow-
ing tests, improvements have been made to reduce the neutral and doubly- ionized
components in the ion beam to insignificant levels. The incident Ar+ beam is

rapidly switched and a 38 ns plus width has been obtained. The instrument has
been interfaced to a computer that also displays time-of-flight spectra and
kinetic-energy distributions. This instrumentation will be used to determine
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the energy states of neutral species sputtered from Al and Mg surfaces by
resonance- ionization mass spectrometry.

In another project, a special angle-resolving, display-type ion and
electron energy analyzer has been constructed and is undergoing testing. This
analyzer will be installed at the NBS synchrotron radiation facility SURF-II to

measure simultaneously the angular, energy, and mass distributions of ions
desorbed from surfaces by photon or electron excitation. Special video-
processing software for manipulating and displaying the data is being developed
as is software for controlling voltages applied to the instrument. The
instrument will be employed to examine the desorption dynamics of adsorbed
molecules

.
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