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" ABSTRACT

The'étructure of low index surfaces of semiconductor and
metal single crystals are often characterized by unit.cells

which are different from fhé bulk;unit cell. Some of these

ordered surface structures are stable up to the melting point

of the solid, others undergo transitions in well-defined ‘tem-
perature ranges to form different ordered surface structures.

The mechanisms of these surface phase transformations and -

»theoretical models which predict many of their properties are

discussed.

The mean square displacement of surface atoms in metai
surfaces is markedly larger than the mean.squarevdispiacemeht
of bulk atoms. There are theories of melting whicnh would pre-

dict the onset of disorder al the surface below the bulk
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melting point. -Lew energy elecpfon diffraction studies ef,
surface melting of 1e;d, bismuth and'tin surfaees; however, |
indicate that the cryetel faces remainvordered up to the'melting e
‘point. These results end'their’impiications concefning the
understanding of fhe kinetics of meiting-are diszussed.

Low energy_electron-diffraction studies of vaporizing

metal surfaces indicate that the crystal faces remain ordered

on an atomic scale during sublimation.

1. INTRODUCTION

When detailed studies of the electrical properties of the B
bulk solid had been initiaﬁed in the nineteen thirties;_the
etomic structure of the solids had'already been established.
X-ray difffaction etﬁdies‘have fevealea the crystel etructures
of a 1arge.number of,monatomic‘and diatomie solids and thefee
fore_the developing electronic band theory has already been
.utilizing tﬁe crystalogrephic data available at this time.‘ In
early studiesvof the electrical properties of snrfaces‘dUring .
the nineteen fifties, the structure of the solid surface hae
been an unknown parameter. Until the adﬁent of broad application
of low energy electron qiffreetion, (LEED), the etomic'structure'
at the surface has not neen investigated experimentally, In the.
absence of such investigatiOns; it has long been assumed thet |
the eufface structure is the same as one would expect by extra-

polating the bulk unit cell to the surface.
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" In the last few years, there has peén an exciting and
revolutionary cﬁange taking p1ace in our underétandihg of the. ;
structure and many other physical-chemical broperfies’bf sur-
-faces...The number of experimental techniques which are avail-
able, to study well-defined surfaceé in a defini%ive ménner,
has multiplied. First o? all, we can study one face of a single
.crystai-cleaved or»éleqnéd by ion bombardmeﬁt in a ultra high
vacuum. Ultra high‘vacugm can be maintained during experimental
timeé whiéh are sufficiently 1bng so that reproducible'reéults
as to the properties of clean_surfaces could be obtained./ In
add?tionfﬁo low energy electron diffraction, which is todayvthe
most important experimental tool in‘investigationsof the struc-
ture of surfaces, we can use the inelastically scattered portion
.of the electrons to carry out electron Spectroscopy (Auger
SpéCtrosCoby) studies to reveal the chemical compOsitioﬂ of the
Surface% We can usé ellipsometry to study the thermodynamic
properties and the build—up of absorbed atoms‘on the surface.3
Finally atomic beam scattering studies give us information
about the'energy transfer between the incident gas molecules.
and the surface and can be qsed to gtudy the lattice vibration
spectrum of surface atoms. -f; |

| In this paper we shall be discussing the structure. and
phase transformatiOHSWhich takevplace at clean single crystal
surfaces, in the absence of adsorbed gases, in ultra high'vaéuum.
First, we shali diséuss the order~ordér transformatiéns which )
manifest thgmselves in changes bf the surface structure as

studied by low energy electron diffraction.~ Then; our melting
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studies Will-be discussed where:we.have.been inﬁestigating.the
possibility of surface pre-melting df.metals suChras lead;_.v
bismuth and tin. And finally,;we shall descriBe our reéults‘

of the inVestigation of the surface structuré during sublimation

of metal single crystal surfaces.

2. ORDER-ORDER PHASE'TRANSFORMATIQNS-OF SEMICONDUCTOR SURFACES

Creation ofvé surface lowers the symnetry about the atouws
at the interface, reduces their number of neareSt néighbors,
and places them in an anisotropic envirohmeﬁf_with reépéct'to
fhat fof bulk atoms. Thése.marked cﬂanges can give riSé tb
electronic effécts'at the inte#facé éuch,as'electronicvSurfaée'
states and-spéce chargeqor 1atti¢e vibration mbdes [whicQ;_afe
often called surface ptionons] which arevrestricted to pfopagate
along the surface{. The cfeatidn of a surface not only éhanges the
electronicvpropertieS'and'the_atomic moiion.but also.the atomic
structure at the interface. There is no reaéoh to believe that
the surfaCe atoms remain in the same positibn that they‘wouid _
occupy in the bulk or to maintain the same struéturg they would
have in thé'bulk environmént.' Iow energy electron diffraction
studiés réﬁeal that all éemiconductor surfaces which havezbeen
studied so far have surface structures which are different. from’
that ekpected from their bulk unit cell. - Table 1 summarizés,
the surfaée structures which have been_found'on semiconducfor

low index crystal faces which have been investigated. These

changes in surface structure are detected by changes in the

diffraction pattern which are obtained as a function~of



UCRL-19110

temperature. Figure 1 gives as. example of such a change. The

0 8i(111) - (1 x 1), surface structure is stable at room tempera-

ture up to about 600°C where it converts to (7 x T) surface
structure."The'appearance of new diffraction features indicate

the appearance of a new surface perlod1c1ty Wthh is integral

multiple of the per10d1c1ty whlch is cnaracterlstlc of the bulk

' unit cell. Several similar ordered surface structures which

appear as a function of temperature have been found on other
semiconductor single crystal surfaces which have been investi-

gated such as silicon,germanium, gallium arsenide, and cadmium

sulfide.

It is somewhat'difficult, due to the lack of adequate,
detailed‘experimental data, to prepose a mechanism which accounts

for the appearance of these surface structures There‘are cer-

.'taln features shared by these structures which allow us to

classify them in some manner. First of all, we find that on
all semiconductor surfaces, the surface structures have.a well
defined temperature range of stability. Below and above these .

temperature ranges, the surface structure may not be stable but

it is converted to another ordered surface structures. . We also

find that on surfaces which show 6-fold rotational (hexagonal)
symmetry at least one of the surface structures gives rise to

a (2 X 2) diffraction pattern, which indicates a surface unit

‘mesh which is twice as large as that of the bulk .unit cell.

This is clearly seen from Table I. It has also been found that -
these surface structures and their temperature ranges of stablllty
is very sens1t1vc to. the presence of 1mpur1L1es which may be

present on the surface. Impurities can change the temperature
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rauge-of.stability of-the surface structures; can eliminate
. them, or can'catalyze the‘formation-of other surface structures.
IA Spite.ofrthe sensitivitY'of'the surface structures to im-
bpurities'however, there is little doubt that these surface
structures are the property of thevcleau semiconductor surface.
There have been severai studies carried out to ascertain that
these surface structures are not caused by impurities but'they
are propert}es of the.glean semiconductor substrate. For
example, Haneman et al. has cleaved a (111) face of silicon at
700°C in ultra high vacuum and the cleaved surface immediately
showed a-surface.structure._ Jona?has depositied amorphous
silicon at room temperature on the silicon.(lll) surface{
Upon heating,'the‘disordered silicon_atoms had rearranged
on the surfece'and assumed a (7 x 7) surface structure. The
physical model which is presently accepted to explain the appeer—
ance of surface structures assumes that the surface is buckled
by perlodlc dlsplacement of surface atoms out of plane perpen-
dlcular to the surface to increase the overlap among 1ocallzed
electronic orbltals// Thus the;surface is not flat, atoms are
periodically displaced hormal to the surface plane by a few
per cent of the 1nteratom1c distance to give rise to a new sur-
face perlod1c1ty which is detected by the appearance of new

diffraction features in low energy electron dlffractlon

experiments.
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3.‘ THE ORDER-ORDER PHASE TRANSFORMATIQVUS ON METAL SURFACES

Surface structureS[with“uhit mesh which are inteéral mul-
. i

tiples of that of the bulk unit cell are discovered on several.
but not all’metel.single’crystal surfaces? For examble; Figure
2 shows the'iow energy eiectron diffraction pattern Whieh can
be obtained from the (100) face of platinum. ‘It is seen that in
‘additien to the diffraction spots-which'one would obtain if the
surfece would haveAthe same structure as that characteristic of
the bglk ueit cell, there are other diffraction features. The
appearancevof four extra spots, that are the one—fifth ofder»
diffractien beams,‘indicate'the appearance of a new (5 x 1)
surface periodieityfg The (5 x 1) diffraction pattern indicates
N the presence of ofdered domaiﬁs on the sgrface in which there is
a 5x periodicity in the X direction and the same'periodtcity:as
that in the bulk unit cell in the y direction and domains which
‘are perpendicular, that is, have 5x periodicity in the y direc-
tion and the same periodicity as the bulk unit cell in the X
direction. 'Such_a.diffraction pattern can be generated 1if we
assume that the surface.etomsvin the (IOO)Fface;.which have a
square unit mesh'(Figure 3) are distorted into a close packed
hexagonal structure as shown in Fig. 3. The (5 x 1) diffraction
pattern is generated by the coincidence of every sixth atom in
the hexagonal over-layer with every fifth atom in the (lOO)
substrate. Similar (5 x 1) type surface structure is observed
" on the (100) face of gold single erystals{4 No surface structures

or rearrangements have been found on the (111) faces of platinum

or gold. One also finds in the case of metal surface structures
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that, Just like fdr surface structures on semiconductér surfaces,
impuritiés of éertain types staﬁilize.these surface structures
while éthers eliminate it._ Sodium and otber.alkali metals for
‘example on the platinum or géld surfaces seem to stabilizehthe'
(5 x l)“surface structure.' On the other hand, carbon and aasorbgd
gases such as,carbon.mohoxide and hydrocarbons, seem to eliminate
the (5 x 1) surface structure and stabilize -the (1 x l)vstructure
which‘is ch?facteristic.qf the-bulkvunitvcellfg Unlike semi- |
‘conductor suffaces however, the_surface structgrés'which appear
on metal surfaces seem to be.stable in the whole tempe rature
range of metal stability --from roomvtémperature up to the |
melting point. Surface structures héve been fdund! in addition
to platinum and gdld, on antimonyf bismuthﬁénd palladiumhgurféces
as well. The observed surface structures which have been re-
ported so far are listed in Table II. If appearé that sgain, a
slight periodic distortion of atdms out of the surface plane
normal to. the sufface gives'rise to the new periodicities which
"are obsefﬁed by low energy électron diffraction; The'extfeme
sensitivity'of'these surface struétufes to the adsorption of.v
minute carbon monoxide seem to indicate that the new surface layer
vwhich appéared to form by périodic distortion is easily trans-
formed by chéngingvthe surface environment. The cause of the |
formatioh;of surface structures'on;metal surfaces, however, should
be. different from that which causes them to appear on semiconduc-
tor surfaces. It is likely that the observed surface structures

which are different from those which are expected from the bulk

unit cell are the resull of surface phase transformations. The

3=

[}
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:explanatioh_aS’ﬁo the.prOperiies‘cf the’surface'structures could
follow the Samenlines.which have been.appiied to explain the
formation of certain bulk metal ‘crystal structures. The-Hume—‘
‘Rothery ruleg?uhich have been modified by Engel and Brewer
indiceteithat the:number'of unpaired s or p valeuce electrons
- per atom; which are,available forvbonding, determine the.bulk
crystal'structure;' For example, metals with 1-1.5 unpaired
 valence elec#rcn éer atom crystalize in the body centered cubic
.structureQ 'Exambles of that are the alkali metals. Metals
Cwith 1.7-2.1 uhpaired valence electrons per_atom crystalize in
the close packed hexagonal structure. Atoms with 2.5-3 unpaired
electrons ber[stom”arerfound in the face centered cubic crystai
structure while atoms with four'unpaired.valence electrcns per
atom'implies the diamond structure. In gcld»and platinum surfaces
therefore,'if as'postulated, the number>of bonding elecfronsvper
atom 1n less than in the ‘bulk, then a tran51tlon from a fcec to a
hep structure at the surface would be pos51ble vThe.stablllzlng
effect of alkali metals on the hexagonal (5 x 1) Structure and
the poisonjng effect of carbon seems to indicate the correctness
~of this model/g Surface structures-other then those corresponding
to the bulk unit'cell do nct appear on'nickel,_copper ahd: |
_éluminum surfaces. Also, low index surfaces of body centered
cubic metals which have been studied so for (W, Nb, Mo) do not
appear to undergo surface phase transformations in the absence .
of impurities at the ‘interface. More studies on a wider_range
of clean metals and crystal facesvshould be performed so that
the physical.paramefersrwhich'govern surface phase transformations

- could be uncovered.
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This'semi—empirical_model which has been successfully
applied to explain the structuré éf bulk metals"poinpé to intri?
guingrpdssibilities in fqrming-sufface phases by suitable and
jﬁdicioué addi£ion>of‘impurities to certain crysﬁal faces. |

4. THE MELTING OF BISMUTH LEAD, AND TIN SINGLE CRYSTAL SURFACES

A. The Mean DiSplaéement'of Surface Afbmévin Metal Surfaces
Sufface-Debye-Waller measurements using the diffracted

low energy'elechon beams have revealed that the mean sQuare
diSplaceméhﬁfof surface atoms in metal surfaces is much larger.
‘than that in the bulk!y In these.measurements the intensity df‘
-8 givenvdiffractidn spot 1is mOnitored as a function of'tempéra—-_
tufé at a.given_beam voltage. The intensities att?nuatéd dué'
to the vibration ofvsurfaée atomsAwhich scatter a giveh.fradtion'
of the diffracted electrons out of the diffraction spot into the
background.,.It is found’experimentaily and it is also predicted.‘
by theory that the_intensity of a given diffraction spdt falls |
_exponentially'as a function 6f temperature, with increasing
.‘temperatufe.‘ Thelintenéity of scattered eleétféns in the specular,

(00) beam (neglecting multiple scattering events) is given by

._'I= | F 17

| Py eXp[—(161r2 cos?¢/X2)<u¢2 >1s (1)

where the expanential term is the Debye-Waller factor, X is the
electroh‘wavelength, ¢ is the angle of incidence with respect

. : » .
l

to the surface normal, and IFhkl is the scattered intensity

by a rigid lattice. Using the Debye model of lattice vibrations
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in the high-temperature limit the mean-square displacement is

20
given by

<> = (3Nh2/Mk).[T/&fﬁzj;v o L (2)

| where 6% is.thé Debye'temperafufe_at the high—téﬁperéturé limit,

M and T afe the.atbmic weigﬁt aﬁd ﬁhe7tembefatufe of the sblid,
respéctively, N is Avogadro's hqﬂbef; and k and h are the

Boltzmann and Planck constants. Combining Egs. (l) and (2) we

have “ | :

= | Fopn l?_exp{-(12Nh2/Mk)(cos¢/k)2[T/(Gm)z]} (3)

Thk1

'The logarithm of the intensity plotted,as'a function of tempera-
ture T givés a straight line. From the_siOpe the root-mean-
square displacement in the direction perpendiculaf to the sur-

" face plane;v<u*>, can be calculated. Figure 4 shows a typicél
intensity—temperaturé‘plot which is obtéined for the (100) face
of palladium sihgle crystals?’ The measured vaiues of the root-
meanésquare displécements are strdngly dépendent on the’electron~
5eam enérgy. It is apparent that with increasing electron energy
_ a larger fraction of electrons scatter from atomic planes whiéh
lie belowithe_sﬁrface plane. Thus, at higher electron energies
the expérimentally determined mean displacement approaches the
bulk mean displacement value. The mean displacement,Which is
characteristic of ﬁhe'surface atoms cen be obtained from data
,‘taken_usihg a Vefy low-energy electron beam (< 15 eV). At such

' low energies the largest fractibn of the impinging electrons

back-scatter from the surface atoms without penetrating deeper
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into- the‘lattice The effectlve root mean-square dlsplacement,
<u eff> calculated from the logI__-vs-T curves using Eq. (1) is
plotted as a functlon of beam voltage for the differerit lead
and bismuth surfaces (Flgures S and 6). It is apparent that the
surface_root-mean~square dlsplacement is nuch gfeater than that
of.the bulk value (dotted line) for both orientations. The
root- mean—square dlsplacements which were oblained at the low-
est electron energies were taken as values characterlstlc of
the mean vibrational amplltdde of surface atoms. These along
with the corresponding bulk mean diSplaCements,.thebcalculated
surface, aod.bulk Debye temperature are listed in Table_III. ‘For
comparison, wevhaVe included the valdes obtained for other

metal surfaces as well.

B..ﬂSurface.Meltihg Experiments ' ,

It has been proposed by several 1nvest1gator;ut;at
melting is actually related to the mean square displacement‘of
- the solid atoms. Melting in these theories is:cohsidered to
be a process in which the atoms; when they reach a critical
mean square.displacement, whicﬁ»is a certain fraction of the
interatomic'distance, are.no longer able to maintain their equilie
brium position and the lattice collapses. Using such a model a.
. good correlation between the Debye temperature arnd the melting
temperature has been obtained for large numbers of simple mone

atomic solids. This model, would predict howe&er, that the

surface should disorder or melt at a temperature which is lower
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than that of the bulk melting pointrsinbe the mean square dis-

" placement of surface atoms is markedly larger than their value

in the bulk at the melting point. For this reason we have set
out to study thé'structure of“Surfaceé as the melting temperature
is'approaChéd, aﬁ tﬁé melting point, and above tgé melting poinf
as well. in‘ﬁhese studies we have used lead, bismuth and tin
single crysﬁals because'fhesé crystalsvhavé 1Qw Vapor pressﬁre
at the.melting.poiht, an important condition in low energy
eleétron diffraction studieé whérélil&a high vacuum 1is necessary.
The experimental_equipment used in these studieé is schemaﬁicaliy :
shown in Fig. 7. The diffraction chamber was rotated by 90°
to enable us to support the molténvsﬁrféce and the diffraction
pattern was viewed through a mirror as shown ih théﬂfigure;
The temperature in these‘studies could be controlled.within half
a dégree.‘ | -

We could melt a solid at the top first and then monitor

the melting interface as it proceeds through the crystal or we

‘could melt the crystal so that the melting interface moves

along the surfaée and we could watch the diffraction pattern

simultaneously. ‘We have found that the surfacevdiffraction

features which are characteristic of ordered surface structures

have disappeared at the bulk meltling point within the temperature

uncertainty of the experiment.' The intensity due to scattered
electrons from the liquid surfaces was fairly uniform but showed
small fluctuations as a function of électron beam energy. These

intensity changes were mapped out and were related to the atomic
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scatterihg factor ahd'the radial dlstrlbutlon function which
2/
is characterlstlc of surface atoms in the melt Under no con-

dltlons have we: found 1ndlcatlons of surface meltlng at

temperatures below the bulk melting temperature. These studies

were performed for three different crystal faces of le ad, two

different crystal faces of bismuth; thus we had anple opportun-

ity to detect surface melting if it occurred along one crystal

face even tﬁough'it may not have occurred along ancther one.

Our results indlcate that the meltlng theory proposed by Lindeman™

21,1Y

 and others certalnly does not apply to the- meltlng of face

ceutered cubic metal‘31ng1e crystals '~ However, our studies and
studies by Turnbuli“;nd otheré'clearly 1ndlcate that melting
has to be nucleated and nucleation takes place at the surface.
Turnbull has found that solid Si0O, and P,0 crystals can be
superheated by as much as'lSO to 300°C while the molten:inter—

face was slowly moving due to the high viscosity of the melt.

27
Also, it was found that in gallium, superheating of the order

- : ' 28 ’ g L
of 1° could be obtained. 1In 1ce'51milar superheating tempera- .

tures have been found. Up to 3° of superheating could be main-l

tained in the bulk while the surface was kept below the melting
temperature, It appears thatvasvlong.as the surface is main-
tained at a temperature below that of the bulk melting point
heating coucehtrated in the bulk does not cause ihstantaneous
melting as soon as the melting temperature‘is obtained. Such
a result can only be interpreted asvindicating nucleation of
melting as a necessary condition for the melting pchess. Since

in most melting experiments there is adequate surface area and

2
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thus nucleation may easily occur, superheating is not a

common ‘experimental occurence. : The hature of the surface

nucleation centers cannot be revealed by low energy electron

diffraction experiments. These experiments are only sensitive
v .

to surface'order.: That is, we detect domains of‘ordered atoms,

their'structure and othef-prdperties, but a fraction of disorder-

ed atoms Which,may also be present at the surface simultaneodsly

; will nét show up in low energy electron diffraction experiments.

It is apparent however that the surface plays a very important

. role in determinihg the kinetics of melting, even though melt-
ing will occur only if the temperéture is-high enough so that

- the molten face becomes thermodynamically stable.

5. THE STRUCTURE OF VAPORIZING SURFACES
In the previous melting studies we have investigated the
surfacevstructure of-materials’which have low vapor pressure at

thevmeiting point. 1In these studies the surfaces of lead,

bismuth and tin proved to be stable and ordered up to their

respective melting pointé.‘ In our vaporization experiments we
have investigated the structure df solids which have large vapor
pressure beléw their melting point. These solids will sublime
at an appreclable rate before melting occurs. We have monitored
the diffraction pattern dué’té the surface strucﬁure.of silver
and nickel at'temperatures»fromv575 to 915°C respectively, where
the vaporization rates are appfeciable’and ﬁhe surface atoms ére
continually removed. The low enefgy electron diffraction studies

revealed that the'vaporizing surface is ordered on an atomic
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scale. :Thé diffractidh spots were sharp ahd smallnindicating
the preéence of ordered domains of size as large as 5004 in.
diameter or'larger. Scanning elecfron micréscope piétures;
which have been'made on the same vaporizingICrystal féces of
silver and nickel, have reveaied é rough surfac;‘on a‘l0,000K
.scdle. These are.shown in Fig. 8."It‘appears that the éurfaée
may'bécome extremely rough under conéitidns'of Vacuﬁm vapori-
zation on a scale of l0,000R.' On an atémic scale however, the
surface fémains ordered és deduced from the spot size and the |
intensify‘of the diffraction spots. Since the evaporétion rate
of single érystal me£a1 surfaces in the vacuum is near,or.eQual _
to that of the maximum_raté'which'may be calculated from:eqﬁiii;'
briuqudnsiderationngit_has been proposed that all atoms havé
equal probabilities.to‘vaporize. This can only happéh if the
surface takes up a 11Quid like chéracfe},'since in a Sdiid_
surface thereware‘many atomic¢c positions in which theAsurfacé
atoms have different binding energies due todifferenées.inithe
number of their nearest neighbors. Our low energy electron |
diffractioh studies have revealed that the sufface is far from
being liquidflike'during véporization, it is ordered and
heterogeneoué. It appears that the number of surface atoms'of
lowest'binding energy which can vaporize from the surface is
v increasing by rougheninggfhe véporizing surface until their .
concentrafion attain. that of the concentration of the total
number.of surface atoms in a homogenéous flat surface. ‘For thié
reason‘we find that thé évaporation rate'is at the maximum under

conditions of vacuum evaporation from monatomic single crystal

surfaces.
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TABLE I

‘Surface Structures .

UCRI-19110

Material
si (100) = (4 x 4), (111) - (7 x 7)
Ge (100) - (4 x 4); (111)_—_(8:x 8), (110) - (2 x 2).
GaAs (111) - (2 x'2)
GaSb (111) #-(zvx 2)
.'IQSb (100) - (2 x 2); (111)'-‘(2 x 2)
| ~ cas (0001) - (2 xlz)

€]
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CTABLE. II -
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Temberature raﬁée of
established stability:

sb(11Z0 - (6 x 3)

Pt(100) - (5 x 1) 25° - 1300°C

Au(100) - (5 x 1) 25° - 500°C

Au(110) - (2 x 1) -—-

Pd(100) - (2 x 2) 250° - 550°C

Pd(100) - ¢c(2 x 2) 550° - 850°C

Bi(1120) - (2 x 10) 25° - melting point =
25° - 250°C




TABLE IIT

- Pt

:(1115-' (ill)'(l?g)_(lod)‘

| P . - B _ - Pq S
(111) (110) _<0001)7(oiiz) ((100) (111)  (100) (110)
§;i>b(surface) (A) >O,298(.395)>' .'0.302 -o.i44 : | 0.135 .Q.izé
<g§ bulk (A) | O.lGOI'V o,lp\ ‘o.o74 o.oé4 . :6noé9  ._
0, surface (°K) 49 (37) 48 14010 ‘110110 '152(104)
o bulk (°K) 90.3 118 2754 234 235

-0z
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TABLE CAPTIONS
Table I. Surface Structures found on clean semiconductor .
surfades,
Table II: ' Surface structures found on clean metal surfaces:

Table III. The Surféce and bulk root-mean-square displaceménts

~and Debye temperatures of several metals.
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XBB 6910-6721

Figure la, b. Diffraction patterns of the a) Si (111) - (1 x 1)
and b) Si (111) - (7 x T) surface structures.
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XBB 693-1973

Figure 2. Diffraction pattern of the Pt (100) - (5 x 1) surface
structure. ’
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Reconstructed layer

Figure 3 - Schematic representation of.the-(100) surface
of platinum with'a"heXagOnai'6#ériéyéflib;
simulate the hexagonal distortion which gives

rise to the (5 x1) diffraction pattern.
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Figure 4a. (Top) Temperature dependence of the intensity of the

(00) reflection znd background secattering from
Pd(100) surface at 315 eV,

Figure Yb. (Bottom) Derived log (IOO—IB) vs T from Fig. V-1
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Figure 7 - Expérimental afrahgeineht for the melting experiments.
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XBB 6912-7967

Figure 8. Scanning electron microscope pictures of the
vaporizing silver surface.



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: »

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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