The Surface Contingent

A recent finding at the General Motors Research
Laboratories has changed scientific thinking about
the behavior of electrons in metal surfaces. This discovery

provides a greater understanding of the fundamental
physical processes involved in such surface events as

adhesion, corrosion and catalysis.
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Figure I: Energy distribution of electrons in
outermost atomic layer. Shaded area indicates
electrons in surface states.

Figure 2: Two electron density contour maps of

the cross-section of a Cu(100) surface. One map
shows a clean copper surface (It. gray); the other
shows a nitrogen-covered copper surface (dk. gray).

CONVENTIONAL scientific
thought treats virtually all
of the valence electrons found in

the surface atomic layer of a
metal as if they are free to roam

throughout the metal’s interior.

The work of three physicists at

the General Motors Research Lab-
oratories suggests otherwise.

Through calculations confirmed
by experimental data, the
theorists have shown that more

than a quarter of the valence elec-

trons in the top atomic layer of
some metals are effectively

trapped in the surface. The pres-
ence of so many “surface state”

electrons must be considered
when analyzing physical and

chemical surface phenomena, in-
cluding such surface events as ox-

idation leading to corrosion.

Drs. John Smith, Jack Gay
and Frank Arlinghaus applied
their theoretical analysis to the

(100) surface of five metals: cop-

per, nickel, silver, rhodium and

palladium. They made bold predic-

tions concerning the percentage
of electrons in the surface atomic
layer to be found in surface states:

Cu(36%), Ni(23%), Ag(23%),

Rh(23%) and Pd(19%). The ratio of
the shaded area to the hatched

area of figure 1 gives the percent-

age for copper.
Electrons in surface states
are not only abundant, but also

highly localized on the surface.

Chemisorption on a metal is also

confined to the surface region.

Figure 2 shows what happens in
the case of nitrogen chemisorbed
on copper. The two contour maps
coincide except in the surface
layer, where the interaction is
largely exhibited. Localization of

the interaction holds for the chemi-

sorption of other gases, including
oxygen in the initial stage of

metal oxidation. These observa-

tions led the physicists to conclude
that surface states are important
in chemisorption.

One way to probe electrons
in surfaces is to chemisorb atoms
on a clean metal surface and look
for changes in photoemission
spectra. Such an experiment was
performed at GM for fractional
monolayers of nitrogen, oxygen

and sulfur on Cu(100). The domi-

nant change in the photoemission
spectrum was the disappearance
of a large peak whose shape and
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energy location was independent
of the chemisorbed atom. It was of
special interest that the shape and
energy location of this peak was
nearly identical to the envelope
around the surface state peaks in
figure 1. This suggests that sur-
face state electrons play a major
role in the chemisorption process.

IHE THEORETICAL ad-
vance at the heart of the dis-

covery is the “Self-Consistent
Local Orbital (SCLO) Method” for
solving the Schrodinger equation.
This new mathematical method
was devised by the GM theorists
to handle the classic dilemma
posed by the self-consistency re-
quirement. The characterization of
electron behavior used to com-
plete the equation must be consis-
tent with the behavior predicted
by the equation. In other words,
one almost needs to know the an-
swer in order to make the calcula-
tion.

Self-consistent solution of
the equation for a metal surface is
made exceedingly difficult by the
three-dimensional nature of the
electron density distribution. The
theorists dealt with this challenge
successfully by dividing the elec-
tron density distribution into two
parts—the first part due to over-
lapping atomic density distribu-
tions; the second part equaling the
difference between this atomic
contribution and the exact density
distribution.

One of the more stringent
tests of the accuracy of the SCLO
method was an angular photo-
emission experiment conducted
by Heimann et al., at the Univer-
sity of Munich subsequent to pub-
lication of the GM research. The
German research team confirmed
a prominent surface state band
predicted by the three GM physi-
cists. This was the first time a
surface state band on a solid had
been calculated prior to its being
seen experimentally. The SCLO
method makes possible something
that could not be done before—ac-
curate prediction of the actual be-
havior of electrons whirling
around nuclei at the surface of a
metal.

“The large body of surface
states we found on metal sur-
faces,” says Dr. Smith, “may be a
controlling factor in many physi-
cal and chemical surface phenom-
ena. By replacing conjecture with
calculation, the new surface theo-
retical methods give us the means
to make major steps forward in
the analysis of surface and inter
face properties.”

THE
MEN
BEHIND
THE
WORK

Drs. Smith, Gay
and Arlinghaus
are theorists in
the Physics De-
partment at the
General Motors Research Labora-
tories.

John Smith (center) and
Jack Gay (right) received doctor-
ates in physics; Smith from Ohio
State University and Gay from the
University of Florida. Frank Ar-
linghaus received his Ph.D. in
physical chemistry from the Mas-
sachusetts Institute of Technology.

John Smith, leader of the
GM solid state physics group, did
postdoctoral work at the Univer-
sity of California in La Jolla. He
joined General Motors in 1972.
Frank Arlinghaus and Jack Gay
joined the corporation in 1964 and
1965, respectively.

Each member of the team
brings to the project a different
expertise: Smith in surface phys-
ics, Gay in solid state theory, and
Arlinghaus in bulk band structure
calculations.
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software locator service

The world'’s first software locator service.
Call
1-800-531-5955
In Texas, 512-340-8735

Find any software for any micro, mini, or mainframe. :
SOFSEARCH outperforms all software directories i
because it's not a directory. SATISFACTION GUARANTEED.
CCS Incorporated PO.Box 5276 San Antonio, Texas 78201
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SOFSEARCH Service Summary

Allowable subscriber-defined
__________ Service components report selection criterla sets Subscriber rates Single Search

SOFSEARCH software locator service...
Basic service binder and contents, detalled
service usage instructions and report request
forms, plus quarterly SOFSEARCH Practical
Advice (C) reports.

$145 Base annual Not available
subscription fee
(See Note A)

Software product report options:

1. SOFSEARCH Regular Reports (hardcopy . Software/application functional
product with 48 hour turnaround) — type — One specific function per
Software product reports based on up to set.
five selection criteria sets, automatically . Computer system (operating
updated quarterly after initial usage. environment) — One specific

CPU/operating system per set.
. Industry/activity served — One
specific industry/activity per set.

No extra charge Not available

2. SOFSEARCH Speclal Reports (hardcopy Same as SOFSEARCH Regular
product with 48 hour turnaround) — Single Reports, above.
search software product reports based
on one selection criteria set per request,
avallable in unlimited request quantities
per subscription.

$25 Per request $45 Per request
(See Note B)

3. SOFSEARCH Sofselect™ Reports (hardcopy  a. Software/application functional
product with 48 hour turnaround) — Same type — One specific function per
as SOFSEARCH Special Reports except that set.

$75 Per request $95 Per request
(See Note B)

computer system selection criteria may be b. Computer system range —One Note A Payment of base subscription fee Is required in
specified as one of three ranges of systems: of either MICROCOMPUTERS, it b eyl
MICROCOMPUTERS, MINICOMPUTERS, or MINICOMPUTERS, or MAIN-

Note B Speclal Reports and Sofselect Reports are
MAINFRAME COMPUTERS. An invaluable FRAME COMPUTERS. avallable to nonsubscribers at rates Indicated
tool for computer system selection basedon  c. Industry/activity served — One 2:3;’: Tgm'r;; °?f‘;;:;55;‘°_‘;'gsze‘ I’:“T’:x::
software avallability. specific industry/activity per set. Sri




