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We revisit submonolayer growth ofsgon Cu111) by scanning tunneling microscog$TM), with empha-
sis on the formation of higher-order commensurate metastable states. These phases show concomitant interfa-
cial reconstruction, adlayer buckling, and adlayer rotation in order to match as closely as possible the 10.0 A
Cgo nearest neighbaiNN) distance. Most interestingly, a clear correlation between the adlayer rotation angle
and molecular contrast patterns is demonstrated. This is caused bytmel@ed reconstruction at preferred
binding sites and adlayer buckling in adjustment to strain. Four contrast patterns, i.e., “disordered maze,”
“linear-wall maze,” “p(7x+/7),” and “p(2x 2),” with increasing G NN distances are categorized. In the
most compressed phase, buckling is favored and it is analogous to the ground state of a strongly-coupled
antiferromagnetic system on a triangular lattice with alike adlayer buckling and interfacial corrugation. In
contrast, the molecular orderings in the other structures are mostly dictated by lateral displacemeggts of C
toward preferred reconstructive binding sites. These metastable phases thus illustrate structural relaxation of a
molecular layer on an adsorbate-induced reconstructed substrate in different adsorbate-adsorbate and
adsorbate-substrate interaction limits.
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[. INTRODUCTION of adsorbate-induced reconstruction. We are aware of only a
few FK model studies incorporating reconstructive
In surface sciences one has been constantly reminded thgitowth?>2® Here we present a system, i.e., metastable state
surfaces are not rigid checkerboards on which adsorbategowth of Gy on Cu11l), that illustrates the issue of struc-
reside! Many systems do exhibit adsorbate-induced subtural relaxation of a molecular layer during reconstructive
strate reconstruction, manifesting the subtle effects of modigrowth.
fying the structures of the adsorbate layers and the substrates Cg, growth on Ci11l) is an experimental system consid-
as a whol& Beyond simple adsorbate layers, adsorption ofered well studied’ 32 Nonetheless, the existing data set ad-
complex larger molecules is gaining more attenflohCom-  dresses only the well-orderggi(4X4) phase prepared at
plexities arise therein from the expanded possibilities of mulhigher temperatures or through sufficient post-growth an-
tiple adsorption structures, greater internal degrees of freaealing. Grown structures at lower temperatures were often
dom, and the apparent ease of adsorbate-induced substragéerred as disordered, implicating kinetic hindrafit8igns
reconstruction. For example,g&molecules have been ob- of substrate mass transport were reported through reordering
served to reconstruct many metal surfaces, e.g119j,’°  of step orientation& but the impact of the mass flow on the
Au(110,"12 Pd110,'3 Ag(100,*>* and Al112).7"2 It  Cglayer structurger sewas not elaborated. It had also been
seems that the state of substrate reconstruction is not simpkgported by photoemission thagnteracts more strongly
determined by the adsorbate-substrate interactions. Recenith Cu(111) than with Au111).3! Yet, G5, on Au(111) was
studies ofCg,/Ag(100) illustrate this?>*%?'the G, adlayer  shown to lift the herringbone reconstructihin light of
does not fully reconstruct the surface and the equilibriumthese previous findings, we revisit the subject gf Growth
structure exhibits a peculiar bright-dimggcontrast pattern on Cu111), with emphasis on preparing metastable struc-
reflecting the corrugation of the g@substrate interface. tures at lower temperatures. Our goal is twofold. First, it is
Ceo/Al(111) is another example in which a +§ expected that the influence of substrate mass flow on tpe C
X v3)R30°” superstructure of g, contrast was reported:'®  adlayer structure and possible adsorbate-induced reconstruc-
It is likely that in these cases stronger adsorbate-adsorbat®n can be monitored in these metastable phases. Second,
interactions compete with the energy gains of the adsorbateve wish to examine the channels through which the adlayer
induced reconstructions. Admittedly, the competition be-relaxes during reconstructive growth. We find several meta-
tween adsorbate-adsorbate and adsorbate-substrate interatgble phases in which concomitant interfacial reconstruc-
tions is an issue that has been addressed repeatedly tien, adlayer buckling, and adlayer rotation occur. These are
experiments and theories. These include many experimentall higher-order commensurate structures in which thg C
studies of inert gas adsorption on the graphite sufffe NN distance self-adjusts to approach the ideal 10.0 A bulk
and the Frenkel-KontorovdK) modeling of commensurate- value. Four STM patterns, namely, “disordered maze,”
incommensurate phase transitiéfisLess discussed, how- “linear-wall maze,” “p(\/7x\7),” and “p(2x 2)” phases,
ever, is the competition of these interactions in the presenceeveal a well-defined correlation between the adlayer rotation
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FIG. 1. (Color onling (a) A Cg island with
higher Gg regions(A), a lower Gq region (B),
and an adjacent bare Cu island. An inset line pro-
file passing the B, A regions, and the bare Cu
island indicates a height difference between the A
and B regions close to that of a Q1) step.
Image size 9898 nnt; sample bias V=
—1.2V; tunneling currentl,=0.34 nA. (b) A
“core-shell” Cqpisland prepared with a two-stage
deposition method as described in the text. Image
size 80<94 nn?; Vo=—1.1V; [,=0.93 nA. (c)

A “p(4%x4)-LT" island prepared at room tem-
perature. Image size 8575 nnt; Vo=—1.5V;
1,=0.97 nA.

angle and the g contrast ordering. This contrast ordering reconstruction and the lack of multiplicity in adsorption sites
can be understood in light of different relative strengths ofof thep(4xX4) ordered phase. The former is deduced from a
adsorbate-adsorbatdA) and adsorbatéeconstructedsub-  direct observation of substrate mass flow associated with the
strate(AS) interactions. This is illustrated by a heuristic em- Cg, layer and a distinct “core-shell” island structure pre-
ployment of an antiferromagnetic like AA interaction and anpared with a two-step growth methdd'® The latter, as de-
optimization of the AS interaction in the unit cell of each rived through an analysis of the relative displacement of ad-
metastable phase. jacent G, domains, shows that there is only one type of
favored adsorption site in th®(4 X 4) phase. This is in con-
Il. EXPERIMENT trast to the previous reports claiming thé4 X 4) structure
_ _ _ may occupy either the fcc or hep sit€<?® As will be dis-
Experiments were conducted with a variable temperaturgyssed in Sec. Il B, both findings are important for under-
multimode scanning probe microscop®micron VISPM  gianding the structures of the metastable states.
housEzloll in a homebuilt ultrahigh-vacuum chambey,{P 4 The STM evidence of possible adsorbate-induced recon-
10 " torr) described previousfy. The Cu11D crystal gy ction could come from monitoring structural evolution
was cleaned by repeated sputter-anneaBg0 K) cycles g ing adlayer formation. For example, monitoring the step
with neon. Submonolayer ofdg(>99.95% purity was de-  tion during oxygen adsorption on A0 validates the
posited from an electron-beam evaporator with a thoroughly,,_~1iled “added row” structurd® Similarly, we examined
outgased Ta crucible inapr(_aparation chamber. STM imag_inghe formation of G, layers at lower temperatures, i.e.,
was performed separately in the VISPM chamber. Durind_ 37q i in search of signs of substrate mass flow. A lower
Ceo growth, a nominal substrate temperature of 250~550 Kemperature was used to limit Cu adatom diffusion to nearby
and a deposition rate of 0.03 ML/min (1 ML=1 mono-  geng and the signature of,@nduced reconstruction was
layer of fully covered () were used. The pressure Was gynected to occur on wider terraces. Indeed, nucleated bare

below 10 ° torr during the deposition. Metastable structuresc, regions nearby & islands were often observed. This is
were prepared at lower dosing rates to avoid kinetically hin-

. shown in Fig. 1a). In fact, man islands were overgrown
dered disordered structures. The sample temperature w. 9- 1 Y Go J

. . , M top of such nucleated Cu islands, forming a “double-
calibrated against a thermocouple on the manipulator hea yer” structure. In Fig. 1a), patches of g, regions(denoted

and on the STM stage by a Si o!iode mounted on a coolin%y A) appear higher than the regenoted by B A line
block in direct thermal contact with the Cu crystal. profile passing the B, A regions, and the bare Cu island is
shown in Fig. 1a) (insed. It is clear that the height differ-
IIl. RESULTS AND DISCUSSION ence between the A and B regions is close to that of a
Cu(111) single-height step;-2.08 A. This height is certainly
too small for the diameter of aggmolecule. The Aregion is
therefore not an additionalgglayer on top of the B region;
Before elaborating on the metastablg,Gtructures, we it must be interpreted as a single-layeg,Gsland with a
present two new findings, i.e., evidence of adsorbate-inducedlucleated Cu island underneath. Note that we never observed

A. Cgrinduced substrate reconstruction and structure of the
ordered p(4X4) phase
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FIG. 2. (Color onling (a), (b) Temperature evolution of a core-
shell island.(@) Upon annealing at-340 K for ~250 s, the shell
develops regions of lower heights.g., the A regiop Image size FIG. 3. (Color onling An STM image of ap(4x 4) region with

65X 85 nnt; V= —0.67 Vi 1;=1.43nA. (b) Further annealing at 5 gomain boundary. The offset vector (r,,r,,) is labeled;m, n
~380 K causes a significant portion of the shell area to transform tg,,o integers anda is the NN Cu distance. Image size: 14

the core G. Image size 6860 nn?; Vo=—1.1V; [,=0.93nA. g nn?; V=06 V; 1,=0.75 nA.

(c) A magnified view of the boxed region i@ reveals an orienta-

tion change of &, (denoted by an arrowfrom that of the core and ) o ) )

shell Gy, showing threefold lobes. Image size »100 nn?; Vv,  shell regions is different and is greatly influenced by the
=—0.67V; 1,=1.43 nA. reconstructed core region. First, no adlayer rotation was ob-

served. In spite of the contrast change, the shell region pre-

bare Cu islands on the clean pristine Cu substrate at roogerved itsp(4x4) orientation. Second, no distinct and well-
temperature or the & growth temperatures. We also note defined contrast pattern occurred. Finally, the orientation of
that the “double-layer” G, islands were quite common as an individual G, changed as its contrast varied. Figule)2
long as the growth temperature was suitably chosen, anshows a magnified view of the boxed region of Figa)2In
they tended to form at regions away from steps. These oldhe upper-right g, region of a lower height, the g orienta-
servations convinced us thagg@nduced a Cu substrate mass tion (denoted by an arrojwas different from that of the
flow originated from the substrate terraces, i.gqi@duced core and shell g showing threefold lobe¥. This Cy, orien-
substrate reconstruction must have occurred. Similafation change was understood as a direct consequence of the
“double-layer” Cg, islands have both been observed for substrate reconstruction.
Ceo/ Ag(100)*® and Gyo/Cu(100)3® Substrate reconstruc- Both the substrate mass flow and the change of the C
tions were inferred therein in both cases. contrast upon thermal activation can be rationally interpreted

The orderedp(4x4) structure also has a reconstructedas results from the g&rinduced substrate reconstruction. Pre-
interface. Although it was typically prepared at higher tem-viously, reordering of C{111) steps toward the close-packed
peratures and hence the “double-layergGtructure or bare directions after g, growth was interpreted as a sign of sub-
Cu islands were less frequently observed, thgifduced strate mass flo’? Our results strengthen these prior find-
reconstruction can also be revealed from another perspectivings.
If one prepared first the orderqu(4 < 4) islands at higher While detailed information on the interfacial structure is
temperatures followed by subsequenp @eposition at room  difficult to obtain with STM, the observed long range mass
temperature or below, distinct “core-shell” islands form@d. transport indicates that the reconstruction should not be sim-
The p(4%x4) ordering was observed in both the “core” and ply a local rearrangement of Cu atoms. Instead, a vacancy or
“shell” regions, but the STM G, heights differed by vacancies underneathgCshould be likely:>1%29 Further-
~2.2 A. Such a height difference was much larger than thenore, one can infer whether there are multiplg @dsorp-
surface corrugation of Q11 and was unlikely due to a tion sites in thep(4x4) structure. This is made possible by
mere height variation at different adsorption sites. The heighéxamining the relative £ positions across adjacem(4
was also much smaller than the diameter of g &d was X4) domain boundaries. Sakurat al. reported such an
therefore not due to the adsorption of a second laygr @  analysié¢”?® and concluded that thp(4x 4) phase can oc-
situ contact-mode AFM measuremenfaot shown also  cupy either the fcc or hep sites. This conclusion was reached
showed that the core-shell height difference was a topoby analyzing the relative £ positions across and normal to
graphic feature. A typical core-shell island is shown in Fig.the domain boundary, for which they found an offset of
1(b) and its temperature evolution is reported in Fig®)2 =*1/3a (a: the nearest neighbor Cu distanae=2.56 A).
2(c). Upon annealing a core-shell island te340 K for  However, we obtained contradictory results based on analyz-
~250s, the G shell developed regions of lower heights ing the relative G, positions normahnd parallel to the do-
[denoted as A in Fig.(@)] and individual dark G, appeared. main boundaries. It shows that only one type of adsorption
With further annealing at-380 K [Fig. 2(b)], a significant site exists. This can be either the fcc or hcp sites. Figure 3
portion of the shell g, became identical to the core region shows an STM image of twp(4X 4) regions separated by a
and small patches of brightgg remained. If a core-shell domain boundary. From analyzing the offset vectors, as de-
island was further annealed, all brighgGn the shell even- noted byr, of 10 micrographs for g, films grown from 370
tually transformed to the coregg; i.e., the orderedp(4 K to 570 K, we found that” can all be represented &s
X 4) phase. Compared with the adlayer rotation in meta=(r,,r,)=(n(a/2),m(v3a/2)), wherem, n are integers. If
stable states reported below in Sec. 1l B, the evolution of théboth the hcp and fcp(4X4) domains existf” should also
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B. Characterization of metastable structures of Gy on Cu(11l)

Deposition of Gy films at lower temperatures
(~280-340 K) reveals a series of metastable structures that
are characterized by their rotation angles and distingt C
contrast patterns. Figuregal—4(d) show four accessible
metastable statdgalled stages 1a, 1b, 2a, and 2b for Figs.
4(a)—4(d), respectively. Based on their distinct molecular
contrast patterns, we coin stages la, 1b, 2a, 2klas
“linear-wall maze,” (1b) “disordered maze,”(2a “p(2
x2),”and (2b) “ p(y/7x \7).” Upon annealing, the 1a and
1b phases often started to appear together 300—310 K
whereas the 2a, 2b phases appeared gradually at slightly
higher temperature-310—330 K. At a higher substrate tem-
perature, e.g., 370 K, metastable structures gradually disap-
peared and thp(4X4) structure formed, with increased or-
dering by annealing. At a deposition temperature-@&00 K
or slightly below, patches of apparep{4 < 4) ordering can
be seen as well. Thegg4X 4) regions were actually iden-
tical to the shell regions without thegginduced reconstruc-

FIG. 4. (Color onling Images of the four metastablg{phases tion underneath, as shown in Fighl. This is also a meta-
showing the distinct characteristic molecular contrast pattégs. Stable structure and will be termedp(4Xx4)-LT" to
Stage la—‘linear-wall maze” structure. Image size>3® nn?.  differentiate from the annealepi(4<4). Figure 1c) gives
(b) Stage 1b—-disordered maze” structure. Image size: 59an example of ap(4x4)-LT"island prepared at room tem-

X 59 nnf. (c) Stage 2a—p(2x2)” structure. Note there are do- perature.
main boundaries. Image size: 224 nnt. (d) Stage 2b—p(\/7 Since the apparent adsorption registries of the
X \[7)” structure. Image size: 1919 nnt. p(4Xx4)-LT andp(4x4) structures are identical except for
their interfacial structures, occurrence of the four metastable
states(stages la—2bmust be related to the onset of the
%ﬁo-induced reconstruction. Conceptually, this is because the
so-induced substrate reconstruction alters the relative
. . _ . strengths of the competingg&Cgo and Gg-Cu interactions.

A single preferred adsorption site for reconstructivegyperimentally, the resulting phenomena are complicated,
growth has an important implication for the evolution of j,yolving several concomitant competing forces. These are
metastable structures as it characterizes the energy Iandsca@;eamayer rotation for an optimal coincidence lattice match-
of adsorbate-substrate interaction. To seek a Single kind qﬁg' (b) Opt|ma| coordinations of &at preferred reconstruc-
preferred sites, larger displacements of, @ositions are  tive binding sites, an€c) variation of the Gg-Cq interaction
needed as compared to that of multiple preferred adsorptiodue to lattice distortion. We demonstrate that the four meta-
sites. Therefore, significant changes in thg-Cq interac-  stable phases can be understood with these competing forces
tion may arise to compete with the adsorbate-induced reconn different limits.
struction. This will be particularly evident in a compressed We tabulate structural parameters of the metastable phases
Ceo phase as discussed below. in Table I, and use th@(2X2) phase as an example to

have been expressible aén’(a/2),(m’+2/3)(V3a/2)).
Our data set is consistently closer to the former expression
.

TABLE I. Structural parameters of all thezg&phases observed on Qu1).

Rotation Rotation Ceo In-plane
angle6) anglg6) Contrast STM Dim Cgg Coincidence Cs0-Ceo
Stage (observed (predicted pattern height ratio(%)? lattice r (A
30° 30° p(4x4)-LT | ~0 1x1 10.224
la +3-4° +3.67° linear-wall I, 1, ~50 2X2 9.982
maze Vv
1b +6-8° +7.59° disordered I, I, ~50 V3XV3 9.654
maze \%
2a +11-12° +10.89° p(2x2) ", v ~75 2X2 10.144
2b +19-20° +19.11° p(\V7x\7) \VAY; ~85 JTXAT 10.040
30° 30° p(4x4) Vv ~100 <1 10.224

aDim Cg, are those with the lowest observed STM height in each phase.
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C. Physical origin of Cgy contrast formation
in metastable states

We can now readily discuss the tantalizing correlation be-
tween the adlayer rotation and the molecular contrast pattern.
As mentioned earlier, structural relaxation of thg @dlayer
in the presence of adsorbate-induced reconstruction is deter-
mined by three competing interactions, i.@) Cg, and Cu
lattice matching{(b) the Grinduced reconstruction, ar(d)
the G- Cq interaction. The former two terms are adsorbate-
substrate interactions and the last is an adsorbate-adsorbate
interaction. Uptake of the adlayer rotation arises from opti-
mizing the Gg-Cg interaction as the NN distance reduces to
nearly 10.0 A. Lattice matching of the Ciil) and G lat-
tice controls the adlayer rotation angle. The fip&¥x4)
structure is stabilized by thegginduced reconstruction as
the NN G, distance is reverted to an expanded 10.224 A.

FIG. 5. (Color onling A schematic drawing of the(2x2) The characteristic £ contrast pattern in each mestastable
phase with notations of Table I. The rhomig¢2xX2) unit cellis  phase is determined by which competing interactions are
shown. Black circles denote ¢ at undistorted positions. Gray strong. The phases 2a and 2b represent the limit of weak
circles are the “dim” G, molecules fully distorted to the nearest ggsorbate-adsorbate interactions. The Gttices are ex-
rt_aconstructive bindiqg sites. The underlying honeycomb lattice conpanded with NN distances larger than 10.0 A. Consider again
sists c_>f all _hollow sites of a f¢@11 surface. A and_ B label the the p(2x 2) phase of Fig. 5, the apex§of the coincidence
occupied sites for the apex and nonapey @ the distorted € |atice ynit cell are on an identical kind of adsorption site
lattice, respectively. C denotes the middlg, @ the unit cell. whereas all the other nonapex,Qre situated on non-high-

symmetry positiongas determined by the distancén Table
illustrate definitions of notations, as depicted in Fig. 5. The}) These unfavorably adsorbegdqEhen displace toward pre-
orientation of the G lattice is denoted by a rotation angle  ferred binding sites where the substrate reconstruction can be
measured counter clockwise fro(d12). This §=0 direc- induced, i.e., another type of hollow site different from that
tion and the surface normal define a mirror plane. Phases @f the apex G. It turns out that such distortion only leads to
0 and — @ are therefore structurally equivalent and they areminor increase in the & Cgg interaction, and all molecules
indeed both observed. The coincidence lattice specifies theconstruct the substrate underneath except for the agex C
unit cell, e.g., (2), of the G lattice that defines the new where the induced reconstruction may not develop fully.
commensurate periodicity with the Cu substrate. Note thaConsequently, the contrast pattern essentially mimics the
the apex G of the coincidence lattice occupy a single type p(2x2) coincidence lattice. The same scenario is valid for
of site (labeled as site A in Fig.)5but we do not specify the p(y/7x+/7) phase.
whether it is the hcp or fcc sitéd.Finally, r represents the  The disordered-maze phasgb) is highly compressed
NN Cgo-Cqp distance. Thep(2X 2) phase thus is denoted as with a NN G, distance of only 9.654 A. It represents a
(2x2)R(#~11°)at(~10.144 A). It is clear from Table | limiting case where the adsorbate-adsorbate interaction is
that the coincidence lattices exist for all four metastabledominating. Although the g still tend to displace laterally, a
phases and a perfect correspondence between the measufgst rise of the G-Cgo repulsion is evident. In response to
and predicted adlayer rotation angles is apparent. Theuch a strong repulsion, the nearest neighhgrb@ckle. For
Ceo-Ceo NN distance self-adjusts to the ideal bullgs@s,  example, with an in-plane NN distance 9.654 A and an out-
distance of 10.0 A as closely as possible. This is verified byof-plane buckling of 2.2 Ali.e., the height difference of the
tabulating all possible configurations for each coincidenceyright and dim Gg), the Gy NN distance becomes 9.90 A.
lattice occupying identical adsorption sité®t shown. The  To take the advantage of the energy gain of substrate recon-
existence of the coincidence lattices shows the metastablgruction, the interface replicates the resulting buckling pat-
states are higher-order commensurate phases encompassiggh. The out-of-plane buckling is hence inward, rather than
all smaller unit cells, i.e., \3xv3), (2x2), and (/7  outward, with the substrate Cu atoms removed. Note that the
x\[7). Itis also noted from Table | that the dimyoncen- NN buckling is analogous to a NN antiferromagneiiF)-
tration increases from the(4x4)-LT to thep(4x4) upon like coupling with the upward and downward buckles similar
annealing. This corroborates well with a thermally activatedto the up spins and down spins. On a triangular lattice, it is
scenario of the grinduced reconstruction. In fact, five well known that the AF coupling results in frustrated ground
groups of distinct g STM heights, i.e.() 7.4 A, (I1) 7.0 A, states’® In Fig. 6, a Monte Carlo simulation snapshot of an
() 6.1-6.6 A,(IV) 5.7 A, and(V) 5.2 A, relative to the AF ground state with a Hamiltoniahl =JX; ;ynn;, with
neighboring bare Cu terraces are observed. Consequentl§zkgT>0, (i,j) for the NN pairs, andn;, nj==*1, is
several interfacial structures seem to coexist. Our presershown to reproduce the observed disordered-maze pattern
STM data cannot yet underpin further details of such interwell® [cf. Fig. 4b)]. Additionally, the measured dim (g
facial structures. concentration is indeed close to 50%, as expected for the up
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served linear-wall-maze pattern. To augment the above heu-
ristic arguments, we calculate the increase in thg Gy
interaction energy using the Girifalco potentfah both the
unit cells of phases 1a and 2a, assuming all the nonaggx C
fully displacing to the closest preferred reconstructive bind-
ing sites(i.e., B-type sites in Fig. 6 We find that in the
p(2x2) phase and the linear-wall-maze phase thg G
interaction increases by 2.27 eV pegy,@nd 15.00 eV per
Cso, respectively. If in the linear-wall-maze phase the inward
buckle and in-plane displacement of the middlg @re in-
hibited, the energy cost reduces to 5.26 eV pgy. Guch a
large difference of~9.74 eV per @, presumably explains

why the middle bright & would not reconstruct the sub-
FIG. 6. A Monte Carlo simulation snapshot of a disordered-gstrate.

maze-like ground state with an antiferromagnetic NN couplingon a  |n summary, monolayers of g grown on Ci111) result
triangular lattice. in substrate reconstructions that strongly affect the adlayer

structural relaxation. Several metastable states are character-
or down spins in an AF ground state with no external field.ized and a clear correlation of the adlayer rotation and char-
Although the disordered-maze phase has an underlylng acteristic Go contrast patterns is exple}lned. This is due to a
X3 coincidence lattice, the lack of éxv3 contrast pat- delicate balance between the competing Cu and Go-Co

tern indeed reflects that the adlayer buckling is dictated by J1téractions. Our system manifests an interesting chemisorp-
strong G Ceo repulsion. tion case in which the relative strengths of adsorbate-

Finally, the linear-wall-maze phasga is an intermediate adsorbate and adsorbate-substrate interactions are “tuned”
case where neither the adsorbate-adsorbate nor tﬁgrough adsorbate-induced reconstructions. Similar. behav-
adsorbate-substrate interaction is dominating. Although itorS can be expected for systems where molecular films re-
also has @(2x 2) coincidence lattice, its g NN distance is  CONStruct their substrates.
slightly smaller as compared with that of thé2 < 2) phase,
implying an increased role of thegeCqq repulsion. This in
turn modifies the contrast pattern in a way that the middle We acknowledge technical assistance by Dr. Y. L. Chan,
Ceo (labeled as C in Fig. 5in the (2x2) unit cell remains L. Y. Sin, and C. J. Yiu. This work is supported by Grant
“bright,” leaving the substrate underneath unreconstructedNos. NSC90-2112-M-002-034 and NSC-91-2112-M-002-
The unit cell depicted in Fig. 5 can then be translated an®38, Taiwan, R.O.C, and Grant No. RGC-32-02-050, Hong
rotated with proper symmetry operations, leading to the obKong S.A.R.
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