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AIMS AND ACCOMPLISHMENTS OF SURFACE THEORY* 
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ABSTRACT MAS I tR 

The goals of surface science include the understanding of 
surface structure, transport and chemistry. However, our present 
activities are mainly focussed on the most basic problem, viz., 
what are the constituents of a given surface and where are they 
located? Theorists are approaching this surface characterization 
problem from two sides. To make better use of the data available 
from the many experimental surface probes, we are developing an 
understanding of the force laws which govern the motion of 
probe-particles near surfaces, and we are studying intensively 
the relation between the excitation and ground state spectra 
of a solid. In order to develop a predictive capability regard
ing surface structure, we are studying a variety of intrinsic 
surface properties including the nature of bonds at transition 
metal surfaces, the meaning of bond "locality" in extended systems, 
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and generally the electronic factors underlying the forces 
which govern surface geometry. These studies often raise 
technical issues such as the validity of using local exchange-
correlation potentials and the applicability of cluster 
calculations to th& analysis of extended surface situations, 
which,however, should not obscure the main thrust of current 
work — empirical and predictive surface structure determination. 
These points will be illustrated with examples from recent 
research and ways in which experimental surface work might 
assist theoretical efforts will be indicated. 

^ 
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INTRODUCTION 

The abundance of theoretical and experimental results 
in surface science makes it easy to lose sight of what the 
fundamental issues are, of what we have accomplished and of 
where we are headed. This lecture is therefore focussed on 
the context of surface work and represents an attempt to assess 
the recent achievements and present directions specifically 
of theoretical surface research. 
Among the chief goals of surface science (cf. the outline of the 

field given in Fig. 1) is the understanding of surface chemistry, 
specifically of the mechanisms by which reactants are adsorbed, 
diffuse, react on and are desorbed from gas-solid and liquid-
solid interfaces of interest. Currently, however, these 
problems can only be studied in a very general way because 
the basic surface structural information is unknovm. If we 
knew where the atoms sit in a particular surface system and 
knew the corresponding filled and unfilled electron densities 
of states, and if we understood the electronic and ionic: 
excitation spectra of the system, then presumably we would 
be able to begin constructing a predictive theory of surface 
chemistry. Accordingly, the focus of current surface research 
is the development of the tools necessary for reliable static 
and dynamical surface structure determination. 

Theoretical efforts in this direction generally fall 
into one of two categories (see Fig. 1) - studies of the 
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intrinsic properties of surface systems, aimed at understanding 
the forces responsible for surface structure, and analysis 
of the experiments used to probe surface properties. Perhaps 
the greatest success story in surface science falls into the 
latter category. After more than a decade of work (and 
controversy) low-energy electron diffraction (LEED) data can 
now be used to determine the geometry of simpler surfaces. 
(A small unit cell and a thin surface region are the essential 
criteria.) This fact coupled with the discovery that self-
consistent band structure calculations for a number of 

(2 3) surfaces ' can be directly compared to angle-resolved 

photoemission data strongly supports a program of studying 

intrinsic surface properties, specifically the nature of 

surface bondiny, via self-consistent b^nd structure calculations. 

Work on the theory of experimental surface probes is 

generally motivated by the failure of a zeroth order model 

to explain experimental results. For example, the strong disparity 

bet veen UPS data for the bands of Ni and band structure calcu-
(4) lat ons' forces one to consider when we should expect the 

groi d state spectrum of a solid to resei?.ble the 1-hole spectrum. 
A similar question arises when one wishes to explain why 

the Auger spectrum of Cu resembles that of a Cu atom rather 
than what we would expect of Cu metal. 

In what follows, I will discuss a number of examples of 

studies of intrinsic surface properties which attempt to 
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explolt our successes in theoretical-experimental comparisons, 
and studies of experimental surface probes which represent 
attempts to understand our failures. By way of apology, 1 
wish to point out that this is not intended to be a review 
paper in the sense of being complete, and that the specific 
topics highlighted were chosen as much because of my personal 
interest in them as because of their importance. I regret 
having to neglect mention of much other fine work. A more 
complete analysis of the program of surface theory is provided 
by a recent "Panel Report on Theory of Surfaces" published 
(Jan. 1979) by the Council on Materials Science of the 
U. E. Department of Energy, which interested readers are 
encouraged to consult. 

STATIC SURFACE ELECTRONIC STRUCTURE 
Although we would like to use our knowledge of occupied 

and unoccupied electron states to understand electron transfer 
in surface chemical reactions, the current goals of surface 
electronic structure calculations are more modest. We wish 
to use electron spectroscopy in determining surface atomic 
geometry and we would like to elucidate the mechanisms of surf 
bonding to the extent necessary to understand binding energy 
and charge-transfer trends across the periodic table, the 
forces that drive surface reconstruction, etc. For simpler 
semiconductor surfaces much progress has been made along these 
lines. Self-consistent pseudopotential techniques have been 
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used to show the relation between the physicist's picture 

of extended states in a solid and the chemist's idea of 

dangling and saturated bonds at a surface. Reconstruction 

of semiconductor surfaces has thus been related to bond satura-
(8) tion concepts. The spectroscopy of semiconductor surfaces 

can now be calculated sufficiently accurately to distinguish 
(9) between different models of surface atomic geometry, 

although even in the simpler (lxl) cases, spectroscopic 

structure determinations of semiconductor surfaces remain 

controversial. 

Success in understanding semiconductor surfaces from a 

band theoretical viewpoint has led to more recent attempts to 

attack the problem of d-band metal surfaces. Here numerical 

calculations become much more costly, both in computer time 

and in core size requirements, because of the greatly increased 

spatial flucutations of the electron wave-functions. Simul

taneously, the attempt to formulate bonding concepts is 

more challenging because the chemist's idea of bond formation 

via, e.g., d-s overlap,is less pictorial than tho directed 

bond picture appropriate to semiconductors. Nevertheless, 

encouraging progress has been reported and new issues have 

been defined, which I would like to discuss. 

There is every reason to believe that when one cleaves 

any solid to create a surface there wji1 be a significant 

redistribution of charge in the outer layer. Consequently, 
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one anticipates that self-consistency must be an essential 
ingredient of any useful surface electronic structure calcula
tion, and also that calculations based on an artificial 
geometric constraint (specifically a muffin-tin form of the 
potential) will be unreliable. These ideas have been con
firmed via pseudopotential calculations for Mo(001) and 
Linear Combination of Atomic Orbitals (LCAO) calculations 

(12) for Cuilll). In both cases the only physical approximation 
was the usual assumption of a local exchange-correlation 
potential. Direct comparison of the results of these ground 
state calculations with photoemission data led to excellent 
agreement for both bulk and surface states. There is no 
inherent difference in the possible quality of the pseudo-
potential technique as against the LCAO (or for that natter, 
as against any of the other linear combination techniques 
that have been developed), as long as the calculations are 
converged. The question of which technique to use is a 
question of whether one wishes to deal with hundreds of plane-
waves or with fitting a finite set of Gaussians accurately to 
an actual charge distribution, etc. On the other hand, 
the questions of how widely the local-exchange-correlation 
approximation can be used, and when it is reasonable to compare 
ground state energy level spectra to spectroscopic data 
cannot be answered yet, and have recently been raised by the 
failure of theory to explain UPS data from Ni. ' 



Angle-resolved OPS (ARUPS) measurements of the energy bands, 
(2) which agree so beautifully with calculations for Cu, disagree 

(A) 
in band width by 30% with theory for Ni. The calculated ex
change splitting turns out to be twice as large as the measured 
value. There are several possible explanations for these results: 

2 8 
1) The proximity in energy of the atomic Ni 4s 3d and 

1 9 4s 3d configurations means that an essentially uncorrelatcd 

calculation must fail. The local exchange-correlation 

potential is therefore at fault, or; 

2) The Stoner model of ferromagnetism which ignores 
electron-spin-wave coupling is inadequate for Ni, which is 

(14) somewhere between an itinerant and a localized ferromagr.et, or; 
3) The photoemission spectrum of Ni is distorted by dy

namical effects. The band structure calculation may be correct 

but cannot be directly compared to experiment because, e.g., 

a single hole in the d-band is strongly coupled to two hole 

one electron states (or in other words, because shaxe-up 

effects are important). 

Support for the latter possibility was found in the obser

vation of a satellite 6 eV below the d-bands in UPS from 

Ni. ' ' Penn showed that if this were a d-electron shake-up 

satellite, it could take oscillator strength from the d-bands 

and narrow them.' ' However, the recent observation of a 

similar satellite 13 eV below E, in Cu has made this 

suggestion seem much less compelling, since the Cu bands are 
(2) 

not narrowed in relation to theorv. The calculation of 
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bands for Ni using new formulations of band-structure theory 
which account for electron-spin-wave-interaction remain to 
be performed; so possibility 2 cannot yet be assessed. 
Finally, the inclusion of correlation can only be accomplished 
at present for small clusters of atoms. Since the relation 
between cluster and extended solid results has not yet been 
established, we cannot evaluate possiblity 1 either. 

In summary, we do not yet know whether the disagreement 
between theory and experiment for Ni atoms stems from a poor 
description of unperturbed Ni or from a poor understanding of 
the relation between photoemission data and Ni's ground state 
properties. One point is clear, however. So far we have 
found no example of poor agreement between spectroscopic 
data and surface band structure results for systems whose 
surface geometry is reasonably well-known and whose bulk bands 
agree with experiment. Moreover, recent calculations for 
chalcogens on Ni appear to describe their failure to agree 
chalcogen bands quite well despite their failure to agree 

M O ) 

with the Ni bands. Thus, there is every reason to push 
forward in using band structure calculations to elucidate 
the nature of surface bonding and to help determine surface 
atomic geometries. 

SPECTROSCOPY AND GEOMETRY 
Recently, important progress has been reported both in 

using electron spectroscopy as a probe of surface geometry 
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and in understanding the importance of geometry in determining 
spectroscopy. Louie has shown that the spectrum of Pd(lll) -
FI(lxl) is sufficiently sensitive to the location of the H's 
that by comparing to UPS data one can conclude that the H's 
sit in the three-fold coordinated surface sites and not the 

i 19) atop sites. This conclusion is particularly important 
because the location of H atoms is not easily extracted from 
LEED or EXAFS measurements. [H's scatter electrons too 
weakly]. A similar conclusion was reached in calculations 
by Feibelman and Hamann, which considered underlayer as 
well as overlayer sites for Ti(0001) - H(lxl). They showed by 

(21) 
comparison to UPS data, that H's prefer to sit in three
fold coordination sites outside the outer Ti layer. In this 
case the spectroscopic results are more dramatic in that the 
location of the H's on the surface affects not only the posi
tion of the H-peak but also whsLher or not there is a surface 
state peak at the Fermi energy. 

An interesting result of the Ti-H calculation is the 
prediction of "healing" of the surface layer local density of 
states roughly to the bulk DOS of Ti, when the H's 
occupy the preferred site. A semiconductor-style electron 
counting argument suggests that this healing may be related 
to the fact that the H-monolayer provides just the right 
number of electrons to satisfy the bonding requirements of 
the surface Ti's. However, a calculation for Sc(0001) - H(l>'.) 
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with the analogous surface geometry quickly disposes of 
(22) 

tnis argument. One finds that it is the geometry of 

these surface systems (via the metal 3d - Hls-orbital overlaps) 

that causes the healing and not the electron number per metal 

atom. Incidentally, the "rigid band" result was also found 
(22) to hold for clean Ti(0001) and Sc(OOOl) surfaces. 

Another provocative result of the Ti(oooi) - 11(1x1) 

calculations as well as a subsequent one for: Ti(0001) - N(lxl) 

is that when the adatoms lie below the first layer of Ti, 

the surface states of the clean surface are unaffected. The 

apparent screening of the underlayer atoirs' potentials is 

remarkable and needs to be studied further relative to the 

idea that surface chemistry really does involve only the 

outer atomic layer of a solid. 

For systems whose LEED geometries have been convincingly 

determined, and there are several,1 comparisons of spectro

scopic predictions with data provide a particularly useful 

test of the theory, because one cannot so easily blame poor 

knowledge of atomic geometry for discrepancies. An early 

attempt of this nature was made by Smith, et al. for N on C u , < 2 < " 

using the N-Cu bond length and the bonding site determined 

by LEED, but not the c(2x2) superlattice. More recently 
(18) 

studies of 0 and S on Ni have been reported and a theoret
ical spectroscopic calculation for N on Ti awaits data for 

(23) comparison. The results of the studies of 0 and S on 
Ni are encouraging in that, as noted above, the chalcogen 

p-bands agree reasonably well between theory and experiment 

even though clean Ni remains a mystery. 
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STATIC SURFACE STRUCTURE - DIRECTIONS 
A number of outstanding questions concerning surface 

structure have been broached recently/ and merit more attention. 
Specifically; 

1) "Locality" - The lore has it that as far as chemistry 

is concerned, in many cases one isolated transition metal 
(25) atom is as good as one surface atom. This is the idea that 

bonding and electron transfer are "local" phenomena. Two 

kinds of study immediately come to mind as ways of learning how 

"locality" works. One is to investigate the electronic prop

erties of organo-metallic molecules, whose atomic structures 

are known. These systems (metal-carbonyls, metallo-

porphyrins, etc.) are chemically interesting and are real 

clusters. Here is the area where reliable cluster calculations 

can be developed because they can be tested. 

Another kind of study which is badly needed is to com

pare cluster and extended surface geometries for the same 

material and in the context of the same (self-consistent) 

physical approximation. 

2) Surface Stoichiometry - Recently, it has been 

shown that surface enrichment can be described in similar 

empirical terms to those which have proven successful in 
r 2 7) analyzing trends in alloying. Understanding the forces 

that drive surface enrichment is a problem of major importance. 
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INTERPRETING SURFACE EXPERIMENTS - PROBE-SURFACE INTERACTIONS 
it is remarkable how far the analysis of surface -—jeri-

ments has progressed despite our poor knowledge of the 
electromagnetic and exchange forces that are responsible for 
all our data. However, as we ask more detailed questions 
about more complicated systems the need for understanding the 
forces that govern surface experiments increases. 

Consider the case of experiments involving photoexcitation. 
In ultraviolet photoemission into vacuuir essentially the 
only information now extracted from the data is that which 
can be obtained by applying conservation laws and selection 
rules. As soon as one wishes to make use of intensities, vs. 
angle, frequency or polarization one faces our almost total 
ignorance of photon field behavior near a surface. This is a 
much more severe problem in photoemission into an electrolyte, 
where electro: energies and angles cannot be detected and 
consequently only the total photocurrent can be measured. 
But even in photoemission into vacuum one wishes to study 
surface geometry by comparing peak heights with s- and p-

(?q) 
polarized light and to verify predictions of orbital 

(29 \ 

character by measuring intensity vs. angle. In purely 
optical experiments such as ellipsometry it is also of key 
importance to understand electric-field behavior near the 
surface - for one has no guarantee that the Fresnel equations, 
usually used to analyze the data, have any physical relevance. 
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Several years ago I showed for a "Jellium-model" surface 

that the Fresnel equations give a very poor description of 

the microscopic behavior of the fields near the surface 

(specifically of the normal component of the electric field). 
( 32) A recent experiment by Levinson and Plummer, in which 

photoyield vs. frequency was measured of electrons of constant 

initial energy exiting along the normal of an Al(OOl) surface, 

has shown that the Jellium calculations describe reality quite 

well. In the experiment, the yield of secondaries was elimi

nated by focussing only on electrons from the Fermi energy 

or from the surface state "\,3 eV below it. By looking at two 

different initial energies and observing the s;. intensity 

vs. frequency behavior (see. Fig. 1 of the secor.d of Ref.'s 

32, p. of this issue) the possibility of a final state 

resonance was eliminated. The frequency dependence of the 

measured photoyields disagrees strongly with that of the 

classical inside or outside fields squared, but is in excellent 

agreement with Jellium predictions. Analysis of the Jellium 

photoemission matrix elements shows that this frequency 

dependence is directly related to the rapidity with which 

the normal electric field changes from its vacuum value to 

its "bulk" value across the surface. This fact casts strong 

doubt on the use of a classical dielectric model to analyze 

photoexcitation intensities in any optical surface experiment. 

The obvious theoretical problem is now to extend these results 

to non-free-electron-like surfaces. 
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SCREEMING EFFECTS - CORE HOLES 
I turn now to questions related to the extraction of 

information from a surface experiment to compare to the 
results of a ground state calculation. The first issue concerns 
the study of core-hole spectroscopies. Wher. a core hole is 
created in the course of, e.g., an Auger or X-ray Photoelec-
tron Spectroscopy (XPS) experiment, the electrons of the 
solid must readjust in a short time to the presence of a 
localized positive charge. In elegant calculations for 
adatoms on Jellium, Lang and Williams have shown that in 
the long readjustment-time limit the screening of the hole 
is accomplished, if possible, by an extra electron occupying 
an atomic-like orbital about the adatom very much like the 
orbitals which comprise the valence band. The disclaimer 
"if possible" in the last sentence means that if, for example, 
the adatom is a CI which adsorbs, to a good approximation, 
as a CI , all the 3p orbitals on the adatom are filled, and 
accordingly the screening charge following the creation of 
a core hole is not atomic-like at all. On the other hand, 
for an adatom such as Na, a core hole is screened by an 
electron which is very similar to an atomic 3s-electron. 
From these results Williams and Lang abstracted an "excited 

(34) atom" model of core-hole screening in metals, 'which says 
that for open shell systems the screening can be thought of 
to a lowest approximation as electron occupation of an 
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atomic-like wave function of the orbital character of the 
conduction band, but that for closed (d-) shell metals (such 
as Cu or Zn) the screening is far less localized. 

The excited-atom model has been applied reasonably 
successfully to the evaluation of binding energy shifts in 

(34) XPS from d-band metals vs. atoms and of Auger relaxation • 
(35) shifts across the 3d-series. It is the latter problem 

I would like to address. The interesting effect in Auger 
spectra across the 3d metals is that when the d-shell is 
nearly or completely full, the spectra appear less like what 
one would expect to observe for a solid (a matrix element 
weighted density of states convolution) but rather like what 
one would expect for an atom (a line spectrum) . At the same 
time as the spectra become atomic-like, they are more strongly 
shifted from the energy at which they would lie if the two 
final state holes were non-interacting. In the excited atom 
picture this result is explained by noting that if, as in 
Cu, the 3d-band is full then screening charge cannot flow 
into a 3d-state on a Cu atom following creation of a core-
hole. Accordingly, the interaction between the two final 
holes is poorly screened (at best by a 4s-like electron which 
is quite diffuse). In contrast, in a case like Ti, where a 
3d-like screening electron would appear on an atom before it 
Auger decays, hole-hole screening should be much more effective, 
reducing the hole-hole repulsion energy essentially to zero. 
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This picture has recently won support in the analysis 
(36) of the Be Auger lineshape by Jennison, et al. These 

authors have shown that the relative proportion of 2s to 2p 

contributions to the K W lineshape can be explained by assuming 

that the K shell hole only decays after a 2s-like screening 

electron has flowed onto the excited Be. 

On the other hand, consideration of the mechanism 

underlying the excited atom model makes one wonder if the 

calculated shifts in the Auger energies are correctly com

pared to measured shifts, on the left-hand side of the 3-d 
f 37) series. The idea is that when a 3-d electron hops on to 

an atom with a core-hole in it, effectively a hole has hopped 
off that atom. Thus, after the Auger decay there is only 
one valence hole on the atom that decayed. The second hole 

is on a neighboring atom. The hole-hole interaction is 

therefore, close to zero not because of good screening on the 
atom that decayed but because the two final holes are separated 

by at least a nearest-neighbor distance. 

The potential of Auger spectroscopy as a tool for surface 
chemical analysis and the relevance of interatomic Auger 

processes in surface decomposition assures the importance 

of further work in understanding extra-atomic screening of 
core holes. 

SCREENING EFFECTS FOR VALENCE HOLES - A MODEL 

The last topic I would like to discuss in any detail 
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is why data from a valence band spectroscopy such as UPS 
should ever be directly comparable to ground state band 
structure results. Here we are back to the question of why, 
for example, the calculated bands of Cu agree so well with 
experiment while those of Hi do not. 

Band dispersion can only be measured if the emission 
of an electron from one atom is coherent with emission from 
its neighbors. Consequently, the hopping time for holes 
must be rapid compared to their decay times, and any process 
which slows the hopping or increases the decay time will 
narrow the bands. The decay of a hole into an n-hole, (n 1)-
electron state is the sort of process Penn considered 
in trying to explain the UPS data for Ni. It remains for us 
to learn when such effects are large enough to distort data 
from what band calculations predict. The slowing of hole 
hopping j s a polaronic or mass-enhancement effect, which also 
should occur in principle. 

Consider a filled isolated band of adatom states inter
acting with "surface plasmon" according to the Hamiltonian 

H = T *" b +b + l c .c + g !b e i q x i + b V ^ i j 

(D 
+ I I ( ci ci+i + ci +i ci' 
i 

Here w is the surface plasmon energyr b creates a surface 
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plasmon of wave-vector q, and c- creates a hole on the 
adatom at x.. If the surface plasmon energy is much larger 
than the hopping parameter t {not an unreasonable assumption 
since "Su is typically ^10 eV while an adatom band width 
may be 1 or 2 eV5 .. then the elgenstates of H may be found 

M9 ) by perturbation theory in t/u. Letting H Q equal H(t=0) 
it is convenient to make the usual canonical transformation 
for the displaced oscillator problem. Writing 

s = - I % _ ( I a^*i c i C > - c.c.) , (2) 
q q l 

we find that 

i * « „ • > > „ - S i x * i q x i c 

q 

(I •-i^jc.c+) 
3 

q q q *iu, q 
(3) 

The assumption that the ground state wave function is a Tilled 
isolated band implies that 1 e 1 xic.|0> is an eigenfunction 
of H with energy o 

2 
Eo = - I 1st W 

q q 
We now find the lowest order correction to E in an expansion 
in powers of t/u . The reason that each higher order in 
perturbation theory produces an extra w is that the 
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intermediate states in the expansion of the wave-function 
must have momentum k. Since there is only one hole-state 
with momentum k each intermediate state must contain at 

least one plasmon and result in an w in an energy denomina-
(39) tor. That said, one finds that 

:>? \2 
[ \ q/ (5') 

where c k is the k'th fourier component of c-, H, is the 
transformed hopping term of (1) and e(k) is the spectrum 
of the hopping term alone. We see that in this trivial 
model the adatom band is uniformly narrowed by the liactor 
exp - l !gq/ -fiu ) . Assuming the usual semi-classical 
coupling of adatom holes to surface plasmons 4 0 and neglect
ing surface plasmon dispersion, we find the narrowing factor 

2 to equal exp(-e /4dfiw ) where d is the distance of the adatoms sp 
from the surface. Using reasonable values for d and "flu we 

sp 
find that a polaronic band narrowing of 20% is not unreasonable. 

It is obvious that the model discussed here grossly over

simplifies reality. However, it is important for us to 

pursue the question of whether such relaxation phenomena 

can be universally ignored. 

CONCLUSION - THEORETICAL AND EXPERIMENTAL DIRECTIONS 
In conclusion, I would like to highlight important areas 

for theoretical and experimental progress in surface science: 
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1! The extent to which the local exchange-correlation 
(XC) model is valid is unknown. Development of an improved 
XC potential is a high priority item not only for surface 
science but for the general understanding of electron states 
in solids. So far the only calculations which take corre
lation into account beyond a local XC picture are for few 
electron problems. They are complicated configuration inter
action calculations and are very time-consuming computationally. 

A good number of failures of the local XC model are known, 
(41) including incorrect gaps in semiconductors and unphysical 

(42) potential energy surface. Others, such as correlation 

effects in narrow bands, are to be expected. 

2) Total energy calculations have lagged behind spectro

scopy work, obviously because they are more difficult. 

However, the appearance of low-energy electron loss spectro

scopy as a potentially very powerful surface analytic tool 

makes the calculation of vibration spectra of surfaces (via 

the evaluation of total energy difference vs. atom displace

ment) important. 

3) Now that the electronic structure of surfaces can 

be calculated accurately (assuming the validity of the local 

XC model), angle-resolved photoemission spectra for a wide 

variety of well-characterized adsorption systems should be 

obtained to make use of what amounts to a theoretical resource. 

On the other hand, theorists must develop means for calculating 
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matrix elements for the various spectroscopic experiments 
and ways to incorporate screening effects into their calcula
tions in order to assess differences between theoretical 
and experimental results. 

4) . Experimentalists can contribute greatly by using 
theoretician-less surface probes to garner structural infor
mation. These include, for example: 

a) the use of photoemission selection rules to fix 
(43) the symmetry of electron states, 

b) the use of stimulated desorption thresholds to 
(38) determine what atom is bonded to which in a surface, 

and 

c) the use of surface extended x-ray absorption fine 
(44) structure (SEXAFS) to determine bond lengths and 

coordination. 
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FICURE CAPTIONS 

Figure 1. An outline of basic surface science research. 

Most theoretical work concerns the lower two rows, 

in the hope of learning enough to attack the 

upper. 



"BIG PICTURE" GENERAL ISSUES SPECIFIC PROBLEMS 

Surface Chemistry 
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Surface Diffusion 
Electron Transfer 
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Intrinsic Structure 
of Surfaces 
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for understanding 
surface chemistry.) 

^. Electronic 
Static Structure 
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^Electronic 

Dynamic Properties 
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