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We use scanning tunneling microsco{®TM) and core and valence photoemission as well as low-energy
electron diffraction to characterize recently discovered 8ICl) surface structures that appear at low cover-
age below ordering temperatures of around 230 K. At even lower coverage ordered local arrangements are
observed near steps and dislocations. Of the laterally extending structures one is open and hofteycomb
like, while three other structure@,ll,lll ) are more complicated. It is suggested that the structures can be
explained as reorderg@00)) planes of CuS. Surprisingly the open hc structure gives room for thigl@Qu
surface state according to photoemission and scanning tunneling spectra. Core level spectra provide support for
one of the models proposed for an earlier studied room-temperature striu@tiité1)-( J7x ﬁ)RilQ.l"-S.
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[. INTRODUCTION is raised to~400 K, a reversible phase transition is observed
from the zigzag pattern to a split/8x \/3) R=30° patterrf
In path-breaking studies Hasegawa and Avdu@®d At a coverage of9~0.4 islands of the (7% \7) R=19.1°
Crommieet al* showed that scanning tunneling microscopy structure form in the zigzag structure at room temperature
(STM) can be used to image the standing waves formed byRT).2° At the saturation coverage of 0.43 fop$ldeposition
electrons scattered by defects such as steps or impurities @f S, the whole surface is covered with thg7(x \7) R
Au(111) and Cy11)) surfaces. In one case circular standing +19.1° structure. The same structure can also be found for
waves were observed around unidentified impurities in thejther close-packed metal surfaces as for $1Ad),*
Cu(11)) surfacé? It is known that S can be brought to the S/Pd111),'%® and S/R@001).Y7

surface by heating coppeand this atom might therefore be  \ost studies performed earlier have been devoted to
at the center of the ring-shaped standing-wave pattern obsiydying structures observed when the sample is kept at or
served in STM. When several such patterns are observed ghove RT. In the new structures reported on here the S con-
one image it was noted that the distances between the centggnt is lower than in the previously studied ones and they are
are given by multiples of half the Fermi wavelength asppserved only at low temperatutéSome characteristics of
should be the case for an adatom interaction mediated by thfie structure with the lowest S content, labeled the honey-
surface electron$To perform more controlled experiments comb (ho) structure, were described previously. In STM im-
it was found desirable to deposit known atoms on the surages it is characterized by an open honeycomb pattern of
face. We have therefore deposited S atoms on the surface Byqtrusions and it has a large/43x v43) R+ 7.5° unit cell.
exposing it to HS, but this has in no instance produced  presymably the loW structures are formed by an ad-
images with lateral standing waves around adsorptiongorhed species that at RT is disordered and too mobile on the
induced point defects. surface to be imaged by STM. The identity of this species
The experiments have, however, revealed a number ofnd whether it remains intact upon ordering are of interest.
low-temperature S/Ga11) structures which are described in Recently, based on theoretical calculations, Feibelmann sug-
the present paper. In a previous Brief Report details, whiclyested that S-decorated Cu trimers are a likely agent of
will not be repeated here, were given about one of thes.enhanced transport between islands oflC1).'8 A planar
structures. At low surface coverage the only sign of an ad- Cy,S; cluster was suggested as the carrier. The formation
sorbed species is that step edges between terraces are regiergy is low and the cluster is predicted to be mobile on the
dered and become decorated by defects. As the depositiondgirface. The lowF structures may thus be built of units of
continued a series of S/CLLY) structures forms, which have interest for understanding the role of S atoms in the diffusion
been studied since for a long time with a number of differentyrocess.
methods. Using low-energy electron diffractioit EED) Another reason for interest in the new structures is that
Domange and Oudar observed a split3¢<3) R=30°  the combination of low disordering temperature, large unit
structure, and upon further deposition a complex undetereell, and open character suggests that long-range forces be-
mined structure and finally a7 x y7) R+19.1° structuré.  tween the building units can be important. Such forces can
Numerous later experiments followed and have given furthebe mediated by the electrons in the substrate surface. It is
details concerning the three structufes->'#*3The com- therefore of interest to find out to what extent the electronic
plex structure develops a~0.35 and can be denoted as structure of the C(111) surface is modified in the low-
,41}1|, where 6 is the surface density of S, given in units of structures. To this end we have used valence and core level
the surface atomic density of Cii1). The complex structure photoemission and performed scanning tunneling spectros-
is sometimes labeled the zigzag structure due to the characepy (STS. In the discussion of the results we note that the
teristic zigzag lines observed by STII™ If the temperature  structures have a likeness to that of bulk Qe8vellite). In
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addition to the extended structures we report on decoration
of step edges and dislocations which have a local?2
ordering.

Il. EXPERIMENT

The STM experiments were made with an ultrahigh-
vacuum variable-temperature ST{@micron Vakuumphysik
GmbH) equipped with LEED optics. The base pressure was
in the 10 1! mbar range. The tip preparation procedure has
been described elsewhéfeThe images were acquired in
constant-current mode and are presented with protruding fea-
tures brighter. The bias voltadé refers to the potential dif-
ference between the sample and the tip. STS was performed
by current imaging tunneling spectroscopy. The feedback
loop was turned off, the scanning stopped, aAd curves
acquired. The core level photoemission experiments were
performed in MAX-lab(Lund University at BL 1311, while _ _ S
the valence photoelectron spectra were recorded at BL 52. _FICG- 1. S/CUl1D at 9~0.1. The dislocationgshort straight lines and v

hapep distort the lattice even far from imperfectioiiseight differences

The substrates were cut from the same piece of smgléo.l A). Some defects are decorated by sulfur struct(nésngles. The

crystal, mechanically polished and electropolished before inset shows a closeup of steps which are decorated by triangles and pro-
sertion into the vacuum systems. The final preparation wagysions.U=—0.946 V, 1 =0.456 nA, T=300 K, 10001000 A (inset
made by repeated cycles of sputtering with'Ne Ar* atan  120x120 2.
ion energy of~800 eV and annealing at700 K.

To deposit sulfur the Cu surface was exposed &t (Fig. 1). The brightness of the center part of a triangle indi-
RT. H,S adsorbs dissociatively forming,tnd S, and at RT cates that it is higher than the surrounding terridig. 1). At
H, desorbs readily, leaving only sulfur at the surfddée #  RT the protrusions do not immobilize the step edges since
values are obtained using the coveragefef0.35 as refer- new step positions can be seen in consecutive images.
ence for the zigzag structufé.In addition to this we assume
that the sticking coefficient is constant f6+0.35. Support 3. 9Cu(111): Low temperature
for this is given by Auger intensity studiégzurthermore we
find that the S P core level intensity increases linearly with
exposure in this range.

a. 6<0.25. When the temperature is lowered at low cov-
erage(0<0.05 no drastic changes are noted. The edges and
dislocations are still decorated. We do not observe any
changes within the time of the experimdnrt30 min) in the
. RESULTS positions of the protrusions. A significant change at higher
coverages is that new structures are formed close to disloca-
tions (Fig. 2 and step edges. They appear as protruding
1. Clean Cu(111) chains along th€110) directions of the crystal. A chain can

STM images of the clean €11 surface show the char- be seen as built from equilateral triangles sharing corners,
acteristic close-packed ordering with a nearest-neighbor dis-
tance of 2.55 A. The used crystal had a noticeable density of
dislocations at the surface, which are identified as simple
dislocations, i.e., edge and screw dislocations. The disloca-
tions induce a detectable height distortion in the surrounding
lattice ranging 100—300 A away from the center of the defect
(the extension of the dislocations can be seen in Fig. 1

A. STM-LEED results

2. 9Cu(111): Room temperature

At 6>0.05 there are noticeable changes in the images.
Atomic resolution imaging is possible, but much harder to
obtain than for the clean surface. The lattice resolved is that
of Cu(111). A drastic change is that step edges are aligned
along the(110 directions. Furthermore, the step edges and
dislocations are decorated by protrusions, separated by
5.1 A’ twice the interatomic (.:“Stanc.e of the Cu ato.ms' At FIG. 2. S/C@111) at #~0.15. At low temperatures chains are observed
Som_e of the _step edge§ and d'5|ocat|0n_s the decorations forﬁ@ar defects and around steps. Note the different distances between chains.
equilateral triangles, with an average side length-60 A. Ty, triangles with one protrusion in each corner are markeds
The triangles enclose an area of protrusions ¥22order  —1.00V,1=0.170 nA, T=140 K, 170<150 A2,
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] FIG. 4. S/Cyl1l) at 6~0.10. Consecutive images of hc island, dis-
FIG. 3. S/Cu11D) at /~0.3. The gray scale of the lower terrace in yypted by additional low-bias images acquired between the consecutive
bottom left corner has been offset for clarity. The triandtase of whichis  scans. Top left: initial stateU=—1.115 V, | =0.102 nA, T=60 K, 300

marked decorating the upper step have the same height as the hc structurg3p0 A2 Top right: after low-bias imaging in the marked areld=

Another structure labeled |, is observed in the bottom left cotsee Fig. —0.02).U=—1.1157 V. Bottom left: after further low-bias imaging in the
5). Note the high protrusions in the disordered ares= —1.08 V, | marked area.U=—1.245V. Bottom right: closeupJ=—1.245V, |
=0.183 nA, T=135 K, 190<190 A2. =0.102 nA, T=60 K, 200<200 A2,

méh Ci;?::?;:éi:%%ﬁ; :FS'QFA%% IgeAspﬁﬁéng rl;zt\évg\tla_n equivalent orientations with respect to the Cu lattice for each

ered by the chains increases with decreasing temperature agéthciu‘c;gugﬁéeiéﬁtguedgg?erlv_ég Zrt?or\?eorti:tgibslgrtjh;?nth?err]r?-
increasing S coverage. ' 9

With increasing coverage a larger part of the surface i1 910 T @TCET0 1 COMIER B 0 S TS
covered with the hc structure which forms islands on ter- P 9

races. The appearance of the remaining, bare areas Char@(_gzsstructure, while the lower parts of the structures have the

with temperature. At temperatures slightly below the condeniﬁénseuﬁgzg(fgi gg%h;hiswtgelggssgé?gg'Slgirgtirgor.}'ﬁggem

sation temperature of the hc structt&0 K), the bare areas . . . )

resemble the RT images. The images are streaky and it @eas appear to consist of differently S'ZGd cI_usters of _the

difficult to image the atomic lattice of the Cil1) surface. same height as the hc structure, sometimes with protrusions
. : lar to the ones found for I-Il(Fig. 3.

When the sample is cooled further 70 K) the images of the simi .

uncovered areas indicate a clean(Tli) surface, while the One of the st_ructures, l, has a rectangu!ar unit cell,

center part of the triangles at edges shows the same height %mmensurate with the QLY lattice. The unit cell, 10

the hc structurdFig. 3).

The hc structure appears to be more stable at low tem-
peratureg~70 K), but can be manipulated. If the bias volt-
age is set to a low valuée<0.1 V), the structure is often
disrupted. Especially at the island borders it can be dissolved
into smaller partgFig. 4).

b. 0.25<6<0.35. In this coverage range we have ob-
served three well-ordered structures labeled I, II, ancHigj.

5). The areal coverage and, thus, the relative areal coverages
of the different structures have not been studied in detail;
hence we do not know the exact relationships between the
areal coverage of the structures and temperature as well as
the total sulfur exposure. However, we find that structure | is
the first to coexist with the hc structure, while structures |
and Il are found at slightly higher coverages. The relative
area the different structures cover varies a lot from terrace to
terrace. A rough averaged estimate for a coverage~@.3
shows that the hc structure covers 5% of the area and struc-
ture | 7% while structures Il and Il cover 10% and 4% of the FIG. 5. Low-temperature S/@1id1) structures. Top left: hc structure.
area, respectively. All three of the structures can be found ifop right: structure 1. Bottom left; structure II. Bottom right: structure 1l
different orientations, corresponding to the 12 expectedall images 660 A% T=135 K).

.i‘l.l!‘
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FIG. 6. Photoelectron spectra for the $ 2evels. (8) (V7x\7)R
+19.1° at~100 K. (b) After 6 min deposition. KHS exposure of the (7 FIG. 7. Photoemission spectra from RT S(CLl) showing the gradual
X\7)R+19.1° structure at-100 K andP=2x10"° torr. (c) After heating decay of the surface state photoemission p@airked S$with increasing
to RT. coveragefully developed hc structure corresponds to 8 min deposition at a

total pressure of 108 torr). The bold curve is acquired after the sample
Ax13 A, is oriented with the shorter side along the close-has been cooled down t0100 K.
packed rows of the Qa11) lattice and can be den0t¢f]3 g|.
The unit cell contains one high protrusion. detected, with the same relative intensities as prior to the

A more complicated structure, 1l, can be described by sadditional HS exposurdspectrumc).
rectangular unit cell with the dimensions 22<A1 A, with

the long side at an angle of 20° from o{i&.0) direction. The C. Valence electron spectra
cell fits well with a|>; 5| unit, and contains three high o
protrusions. These have an apparent height0f4 A above 1. Photoemission

the supporting structure. This is characterized by rows of To investigate how thep band surface state of Cli1)
protrusions along the short edges of the unit cell and parallgiRef. 20 is affected by S deposition, we measured photo-
to the diagonal of this cell. electron spectra along the surface normal at a low photon
Yet another structure, llI, can be found. Also this has threeznergy(7.5 eV). Upon deposition of sulfur at RT the surface
protrusions per unit cell. These fall along lines defined by thestate peak, at 0.4 eV binding energy, decreases in height, and
supporting structure and run7 A from each othe(Fig. 5). is not detected beyond a certain coveraféy. 7). The
The line has kinks every 23 A that fall along tk@l1l) di-  amount of S required to make the surface state peak vanish
rections for~6 A. The unit cell of the structure has to be js nearly the same as that required to fully cover
repeated to coincide with the substrate lattice. A substratéhe surface with the hc structure. If the sample is then cooled

unit which fits with two of the unit cells of structure Ill is the (~100 K), a weak peak appears at nearly the same energy as
3 3

%14 cell. observed for the surface state.
The LEED information of main interest is that the spot
pattern disappears above230 K. 2. Scanning tunneling spectra

Scanning tunneling spectra were acquired at low tempera-
B. Core level photoemission spectra ture (~60 K) to avoid disruption of the hc structure. The
As reported previously we have used photoemission fronflean areas outside the hc islands 25h0W an edgelad V
the S 2 core level to monitor the number of S adsorption due the CW11) surface stateFig. 8.” When the tip is in-
sites at different S coveraggsn addition to this, one can Stead positioned above the hc structure there is still an en-
obtain information of interest for a determination of the hancement above this voltage, while spectra recorded at po-
(J7x J7)R=19.1° saturation structure. The lower spectrums't'ons above steps show no surface state feature.
of Fig. 6(a) shows two spin-orbit split @ doublets for the
structure. This means that the S atoms occupy at least two IV. DISCUSSION
inequivalent sites. The spectra are recorded with the sample
held at 100 K. During the cooling from RT a small amount of
H,S, residual from the deposition process, is adsorbed. The We regard the different low-coverage structules, I,

A. Structure models

adsorbed HS molecules give the weakp3, peak (i) at I, lll, and zigzag as a family of structures. The reason for
164.2 eV binding energy. After additional exposure &SHat  this is a number of shared characteristics. We have already
100 K the 23, peak due to the adsorbed moleculgsbe-  described the likeness in appearance of structures -1l in the

comes prominentspectrumb in Fig. 6). More interestingly STM images, with a supporting structure on which protru-
peak(ii) is shifted in energy while peafiii ) is unaffected by sions are found. These are not only similar for all the struc-
the exposure. After heating to RT only pedks and(iii) are  tures, but also similar to the protrusions found in the zigzag
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' ' ' Furthermore, the coincidence pattern between th@d T
lattice and a covellite layer is identical to the unit cell found
for the hc structuréclose-packed rows of S atoms rotated by
15° with respect to(011) in Cu(111)]. We also find that
structures 1, I, and Il have unit cells which match well with
Cu(111) CuS/Cy11]) coincidence patterns.

Even the zigzag pattern matches well with a covellite
plane along the zigzag lines. In Fig. 9 the basic features of
this structure are shown. Fossal.” suggest that the protru-
sions observed in the STM images are due to S atoms which
are coordinated to four in-plane Cu atoms to form g%u
cluster, with the S atom residing in the hollow above the four

. A Cu atoms. As Fig. 9 shows the structure model by Fedss.
08 086 04 02 0 can be interpreted in terms of a covellite structure where
Bias Voltage (V) triangles(marked in Fig. 9 of the CuS structure are posi-
tioned in rows so that every third S atom has four Cu neigh-

FI_G. 8. Scanning tunngllng spectra from S(ClL). The s_;olld line is bors and can form a protruding @cluster.
acquired above clean portions of the surface and dotted line above the hc In the same manner structures 1. Il. and Il can be de-
structure, while the thick dashed line represents spectra acquired above a ; v
step.| =0.635 nA, U= —0.588 V, T=60 K. scribed as reordered covellite layers. Structure | can be de-

scribed by two CyS; clusters joined with a sulfur atom
structure. Furthermore, the $Zore level spectra are simi- Which forms a protrusion. Both the angle and size of the
lar for all the structure8.Striking with the structures is the Structure fit well with our observations. The unit cell covers
resemblance to the atomic order in {8001 cleavage plane 24 Substrate atoms, which with seven S atoms renders a
of CusS (covellite). In this plane the two elements occupy coverage of 0.29. This value is within the interval of 0:28
alternating sites to form a honeycomb pattéfig. 9).2+%2In ~ <0.35, where the lower limit is set by assuming 12 S atoms
particular, for the hc structure, the positions of the protru-P€r 43 Cu atoms of the hc structure. The upper coverage
sions are almost identical to those for S or Cu atoms ilimit is set by the zigzag structure which contié S atoms
covellite (0003, except for seven missing protrusions perPer 17 Cu surface atoris. _
unit cell. If every protrusion in the hc structure is thought of ~For the structures with larger unit cells, the models pro-
as an S atom, there will be 12 S atoms in the unit cell, whict?osed here are tentative. Structure Il can be thought of as
covers 43 Cu atoms, rendering a coverage of 0.28, close f®Ws of a zigzag pattern with the units found in structure |
the observed saturation coverage of the hc structure. ThHeEtween them. This renders a unit cell with three protrusions
identification of the protrusions as S atoms finds support in 4 the right location. The unit cell covers 42 Cu atoms and 13
recent STM investigation, which has shown that only the S5 atoms, giving a coverage of 0.31, again within the ex-

atoms in the CuS cleavage plane are imaded. pected interval. _
We also present a tentative structure model for structure

Ill, which reproduces both the locations of the protrusions
and the supporting structure with the right periodicity. This
unit cell has to be repeated twice to be commensurate with
the substrate unit cell which contains 81 Cu atoms, which
with 28 S atoms gives a coverage of 0.345. This is close to
the coverage of the zigzag structure.

For the hc structure there is, as stated above, a good
match between the observed protrusions and the positions of
the S atoms in a covellite layer, given that seven S atoms are
removed in every unit cell. Thus the depressions seen in the
images can be interpreted as holes without any adsorbate
atoms. An obvious interpretation of the valence electron
spectra is also that the holes in the hc structure seem to be
free of adsorbed atoms, as they show that the surface state
actually regains intensity as the structure is formed. We as-
cribe the gain in intensity to the formation of bare (CL0)
areas. The scanning tunneling spectra show that the regained

FIG. 9. Models of the different low-coverage structures found atintensity Originates at least part'y from the hc structure, and
Sﬁ“;tlelzh;hne ?i“g;‘::pkqn'atgcgrSCh°""SSO|"?‘d°r‘?r‘]’e!”§ 'r"’g‘z; fs"trr C;”:ga;izﬁ:‘éis not entirely due to open areas obtained when the hc phase
Wi | | | u. 1ari . Su uctu .
Small black rir?gs:gS. Gray rigngs: copper. The Igrge solid black rings markorders' AS Only clean Ga1D surfaces are. expected to sup-
the position 6a S atom coordinated to four Cu in-plane atoms, interpretedpOrt a surface state at the same energy, Itis probable that the

as protrusions in the STM images. Possible bonds and unit cells are markd¥oles in the Struqture actually are areas with a rather undis-
by solid lines. torted Cy111) lattice.

he-structure
Step

dlidV (arbitrary units)
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Itis not uncommon for a sulfur adsorption system to showresembles the GS; clusters:® It seems plausible that the
a large number of complex phases which often show similaghains and the more complex structures found at and close to
structures; it can therefore be interesting to compare thg,e triangles(Fig. 3) are built from CyS; clusters. That a
S/CU1l) system with other sulfur adsorption systems.|gcal ordering is observed near imperfections would then

Thoroughly investigated is the S/EODOD system which dis- g ggest that these provide more stable sites for the clusters
plays five commensurate phasé$’However, in contrast to - does an open terrace.

the low-coverage hc structure found for S(C14), the low-
coverage phase is@2x2) overlayer, which cannot share
the openness of the hc structure. Further examples often re-
ferred to in connection to the S/Ciil) are the S/PA.11)

and S/Ad111) systems. The S/Rtil1) system shows a\(3 The striking property of the hc structure is the holes
X 3)R=30° structure and (22) stripelike structures at formed in what otherwise seems to be a covellite layer. This
low quefaggé?'m’z“Wh"e S/IAg111) displays LEED pat- g interesting since the structure forms at |@wia the or-
terns indicating a more complicated family of structuresyering of adsorbed species. One of the intentions of this
which have not been fully determiné®?®It is interesting to study was to elucidate the processes responsible for the

note that afhougoh all of the mentioned systems show g,0hess of the he structure. An obvious reason could be the
(V7X7)R+19.1° structure, the suggested structure models o oich petween a covellite layer and the Cu substrate: a

have all the adsorbate atoms in the top layer, contrary to thfaarge local mismatch might result in abandoned sites. How-
mode(lj Og thFe Cu(1|171)-(z><f\/7)R;:1bQ.l -S dStrUCtl_f_f prer; ever, upon examining the mismatch we find that the large
sented by Fosetal. and favored by our data. ThUS e yierence in period1.5/1) together with the rotatiorf15°)

S/Pd111) system and the S/R0001) system, often men- : . .
tioned as closely related to S/Cd1), might not be as :ﬁgdstirrﬁgtjr;msmatch without any resemblance to the holes in

closely related. However, to us, the S[A§1) system has not . . .
been thoroughly investigated; accordingly further investiga- Another plausible cause for the openness is an elastic de-

tions of this system might reveal similarities to the S(Cid) formation of the substrate lattice. T_hls is known to mediate
system. forces at long range and could possibly block the hollows for

growth?® An interaction can also be mediated by the surface
N state present in the open aré48This would form a struc-
B. Building blocks of the structures ture with a periodicity with a length scale of roughly one

The hc structure is a phase formed by condensation dfriedel oscillation. For the Q@11) surface state the period
atoms or clusters that are mobile at RT. The RT study of stepf oscillation is 15 A and this is close to the structure period
etching performed by Ruaet al*®indicates the formation of 16.7 A.
clusters by which Cu is transported from the edges. Another
indication of cluster formation is that the SZore level
spectra show little change upon condensation of the struc- E. (V7X\7)R=19.1°
tures; thus the sulfur must be bound in a similar manner both
in the formed structures and the building blocks diffusing The Cu(lll)-g/?x \/7)Ri 19.1°-S structure has at-
at RT® tracted considerable attention. The model put forward by

If clusters are the building blocks, these may be the one§osset al.” was recently rejected by Saidy and Mitchébn
proposed by Feibelmaffwhich share their internal structure the basis of a LEED analysis, but favored in the study by
with the chains and triangles formed close to dislocationslacksonet al*® In the model by Foset al. the top layer
and step edgefFigs. 1 and 3 However, none of the ex- consists of CyS clusters, with the S atom in the hollow
tended structures presented here have any features thetiove four in-plane Cu atoms. Beneath this tetramer there
suggest CtS; as building units. We cannot determine the are two buried S atoms. In the recent model by Saidy and
nature of the diffusing species, as we can only observe th®litchell two S atoms take positions in same plane as the top
condensed products which have two different types ofCu atoms, while the third S atom is buried below the topmost
order: 2<2 (step edges, trianglesr covellite like(hc, I, Il,  Cu layer.
and IlI). A straightforward interpretation of the core level data
(Fig. 6) is that the high-intensity pealii) is associated with
the S atoms which occupy two nearly equivalent sites per
unit cell, while the low-intensity peaki) is associated with

According to our images the decoration of edges is spethe S atoms occupying one site per unit cell. It is also an
cific to the orientation of the step edge. This means thabbvious interpretation that pedi) originates from sites that
decoration is specific to the type of step edigetype, (100 are highly affected by the presence of adsorbed molecular
microfacets, oB type, (110) microfacets, leaving either an H,S. Thus, the data support the model by Fetal. as the
edge decorated by a row of protrusions or an edge indentetvo subsurface atoms per unit cell would render the high-
with triangles(Fig. 1). intensity peakiii) insensitive to adsorption while the surface

Common for both the protrusions at edges and the chainS atom would give a weaker pedk), more sensitive to
is the 2<2 ordering. It is interesting to note that this order adsorbed species.

D. Honeycomb structure

C. Step edge and defect decorations
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V. CONCLUSIONS Especially the hc structure is a good match to this. The
A number of low-temperature and low-coverage s,[ruc_hlgher—coverage structures 1, I, and 1ll can be described in

tures of S/IC(@11) have been found. Four phases which Crys_the same manner bu_t W|_th a reordering of the covellite layer.
The honeycomb lattice is found to support the surface state

talize below RT are described. In addition local rearrange- i )
ments are found near steps and defects. The Structur@@aractenstlc of the clean Clil1) surface. We attribute the

formed have two different geometries. One type isx22 ©OPeNness of the honeycomb lattice to long-ranged forces me-
ordering found locally near steps and dislocations. The exdiated by the substrate. Core level photoemission data pro-
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