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Chemisorption of C,g fullerene on c(4X 4) reconstructed GaAs(001) surface: A density functional
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Chemisorption of fullerenes on semiconductor surfaces is of current technological interestabsititp
density functional theory under the generalized gradient approximation, we performed extensive theoretical
studies on the chemisorption of a small fullerene moleculg, 6n thec(4Xx 4) reconstructed GaA801)
surface. The chemisorption structures and energetics at various adsorption sites, in combination of possible
fullerene configurations, were carefully examined and the adsorption at the trench site with one hexagon of C
facing down was found to be energetically most favorable. In all cases, we found that pgpadsGrption the
c(4x 4) reconstructed GaA801) surface undergoes considerable lattice relaxation and structural deformation
of fullerene molecule also occurs. The chemisorption is dictated by2th@] cycloaddition reaction and/or by
simple electron lone pair mediated charge transfer reaction from the substrate to the fullerene molecule. It was
found that the monolayer formed by thegdnolecules on the surface is stable and naturally porous.
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[. INTRODUCTION tron delocalization. The fullerene-based precursors may be
potentially useful to serve as lolwmaterials or surface pas-
There have been intensive experimental and theoreticaivation agents due to their high volumes with ample space
efforts in recent years to develop novel semiconductor mateinside the spheres and their strong chemical bonding with the
rials as the microelectronics industry evolves into ultralargesemiconductor surfaces. Since the dielectric constant de-
scale integratiof:? The design of materials with the desired creases as the porosity of the film increases, one may be able
physical properties, such as a low dielectric constiow-  to effectively control the dielectric properties of the films by
k),3-5to form thin films on semiconductor surfaces is one ofcarefully selecting the appropriate size of fullerenes for
the focal points and has presented a great challenge to thlteposition. Several experimental studies have demonstrated
material community. GaAs represents one of the most importhat the adsorption of fullerenes on semiconductor surfaces,
tant semiconductor materials and has been widely used forsuch as 100 and GaA$§100), are highly stable and genu-
broad variety of applications in microelectronfc§As the  ine chemical bonds between fullerenes and the substrates can
size of semiconductor chips continues to shrink, increasinglype formed?®-22 However, to date, detailed adsorption struc-
new applications can be found by developing novel chemistures and bond strength for fullerenes on GaAs surfaces have
tries on the semiconductor surfaces. For instance, there is arot been reported, perhaps partly due to lack of theoretical
increasing demand for a lower value of dielectric constanstudies on the electronic structures.
materials and a higher stability of the Idwflms. One of the In this paper, we present the first-principles based compu-
important requirements on the lokvmaterials is the high tational studies on & adsorption at GaA801) surface using
porosity>-8 There have been intensive research activities irab initio density functional theory. £ is one of the smallest
the past few years to deposit well-ordered films of organidullerenes and is composed of 12 pentagons and 4 hexagons
precursors containing bonds on semiconductor surfaces viawith a T4 symmetry?® Each side of the hexagon connects
a cycloaddition process!” Much of the effort has centered with a pentagori%3! The C-C-Cangle in Gg ranges from
around developing a novel chemistry on silicon surf&88  107.8 deg to 110.6 deg, very close to a typispl carbon,
and, to a much lesser extent, on GaAs surfadé&8.The  which imposes exceedingly high strains on the bonds. As a
organic films so deposited can be very stable due to the foreonsequence, ther-orbital overlap is extremely deficient,
mation of strong chemical bonds and well-ordered structurekeading to weakr bonds and thus poorly saturated carbons.
since the surface chemistry is highly bond selective, but thé\s a consequence, thesebonds should be much easier to
microporosity may still be an issue of concern. Recentlybreak. Therefore, small fullerenes like,{Care expected to
there have been several reports on depositing fullerenes @xhibit a higher reactivity compared with & or other
semiconductor surfacé$:? Fullerenes are made of penta- smaller curvature graphitic carbons. G&@@l) is one of the
gons and hexagons of carbons containing alternative doubl®ost well-studied semiconductor surfaces due to its techno-
bonds. In principle, they may also undergo the cycloadditiorlogical importancé?-34 1t undergoes substantial reconstruc-
reactions similar to the organic precursors. Nevertheless, th#gons and exhibits a variety of well-ordered phases under
chemical process may be more complex since several different preparation conditior’$-28In the present study, we
bonds of fullerenes may participate the surface reactions stelected an arsenic-rich phase(4X4) reconstructed
multaneously, depending on the adsorption sites and the eleGaA4001) surface as the substrate. The surface can be ob-
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Binding Energy (eV)

FIG. 1. The structure of the Gaf301) c(4 X 4) reconstructed
surface. The top view of the22 unit cell illustrates the surface
arrangement of the three-dimer units. The side view is along the
direction of[110]. The white balls represent the As atoms and the s
black balls denote the Ga atoms. The top layer As dimers are high- A0

i i 0 25 0 5 2
lighted with large balls. ] Density of States (o)

tained upon annealing to room temperature and has been FIG. 2. The calculated density of stat09): (8) DOS of the
shown to be very stabfé:3” The electronic structure of the GaAs substrateth) DOS of Gy in the gas phase.
c(4x4) surface was studied in detail by Strasser and

co-workers®®“ The top layer is covered by three arsenic prgaq variety of surface chemistry studies and shown to be

dimers along the110] direction, as shown in Fig. 1; each pighly accurate in providing reliable information on surface
atom of the dimer connects with the top arsenic layer withsyryctures and energetit®30

two bonds and with another atom of the dimer via a single  The primitive unit cell contains seven layers of GaAs al-
bond, leaving an electron lone pair on psorbital. This  ternated with a gallium layer and an arsenic layer, respec-
unique structural arrangement provides té < 4) surface tively. But the top two layers are constituted only by As
with several possible adsorption sites fofgGvhich include  atoms and the bottom Ga layer is saturated with hydrogen
(1) the site on a single dimer2) the site on top of two atoms(Fig. 1). The surface cell parameters were taken from
adjacent dimers of the three-dimer unit noted as the dOUqu-he Crysta] structure of GaAs and the distance between adja_
dimer site; and(3) the large trenches between two nearesicent slabs was chosen to be 27 A, large enough to prevent
neighboring three-dimer units. In addition, the orientation ofeffective interaction between slabs. The unit cell contains 24
Cyg will also influence the adsorption patterns. We thus ex-Ga atoms, 30 As atoms, and 16 H atoms in addition to@ C
peCt that the small fullerene molecule will interact with the molecule. The closest distance between two nearest neigh_
surface substrate via a variety of mechanisms. In the preseBbring C,g molecules is approximately 6 A and thus the lat-
computational studies, we will systematically examine all thegra| interaction is very small. We performed full structural
above adsorption patterns and possible sites. Our primaryptimization for the top five layers of the surface together
objective is to understand the nature of thg @dsorption on  jth the adsorbate and kept the bottom two layers as well as
the GaA$001) surface and to predict the chemical/physicalthe hydrogen atoms fixed using the conjugate gradient algo-

properties of the fullerene film on the surface through the&ithm without symmetry constraints. The adsorption energy
first-principles quantum-mechanical calculations. We showyf the fullerene is calculated using E@),

that Gg can form a variety of adsorption patterns on the
c(4 % 4) reconstructed GaA801) surface with strong bond- AE,4s= E(SURsaas+ Cog) — E(SUbzand —E(Cog), (1)

ing. This novel surface chemistry may 'Iead tq the deve,IOpWhereE(suQ;aAs+ C,e), E(SUhsand, andE(C,g) represent the
ment of well-controlled fullerene films with desired porosity, total energies of the(4x 4) reconstructed GaA801) sur-
thickness, and strength. face with an adsorbate, the surface itself, ang, Gespec-
tively.
1. COMPUTATIONAL DETAILS

. . L . Ill. RESULTS AND DISCUSSION
All calculations were performed usingb initio density

functional theory under the generalized gradient approxima- We first performed energy minimization for the
tion as proposed by Perdew-Wahd*and implemented in  GaAg001) c(4x4) surface. The optimized structure is
the siEsTAsimulation codé>*°Norm-conserving pseudopo- shown in Fig. 1. The bond distance of the As dimer in the top
tentials were used to replace the core electrons and thayer is 2.609 A for the mid-dimer and 2.636 A for the
strictly localized numerical atomic orbitals of douljeslus  dimers on the two sides. The distance between the top layer
polarization function quality as the basis set were employed\s and the second layer As is 1.23 A. The short distances
to describe the valence electrons. A cutoff energy of 200 Ryeflect the quasistable nature of the dangling bonds of the As
yielded results with good accuracy. A periodic boundary condimers. Figure &) shows the calculated density of states
dition was imposed on a slab model of the GE&J®) c(4  (DOS) of the GaA$001) c(4X 4) surface. The calculated

X 4) surface. The Brillouin zone integration was performedband gap is about —1.6 eV, slightly larger than that of the
using a speciak-point approach, as implemented with the bulk, which is —1.42 eV. Both the valence band and the con-
Monkhorst and Pack scheme withx2X 1 k points. The duction band are essentially dominated by the contribution
present computational method has been widely utilized in &rom the As atoms, especially the As dimers. For comparison
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purposes, we display the calculated density of states of gas
phase Ggin Fig. 2(b).

The Gy adsorption on the GaAB0l) c(4x4) surface
may exhibit a variety of geometric patterns. The structure
and strength are determined by both the surface adsorption
sites and the orientation of the molecule. To facilitate the
description of the adsorption structure, we first denote the
surface single-dimer site, double-dimer site and the trench
site with S, D, and T and use,3,v,d to represent, in the &
molecule, a single pentagon, a hexagon, a shared double
bond of the adjacent pentagon and hexagon, and a shared
double bond of the adjacent pentagons, respectively. In the
following, we will examine the Gz adsorption at the three
adsorption sites, as outlined above.

A. Single-dimer site

We first orient the Gg molecule toward a top layer single
As dimer with the ,8,y,6 orientations, respectively, fol-
lowed by energy minimization of the structures. In most
cases, cycloaddition reactions take place and strong covalent
bonds are formed. Substantial molecular structural and lat-
tice relaxations occur. The optimized structures with a top
view and a side view are shown in Fig. 3 and the calculated
spectra of density of states are shown in Fig. 4. The calcu-
lated adsorption energies are shown in Table I.

For S, the structural optimization results in the fullerene
molecule falling into the double-dimer site. Four covalent
bonds between £ and two arsenic dimers of the top layer
are formed; three of the new bonds are with bond distances
ranging from 2.126 A to 2.147 A and the fourth one is rela-
tively weak with a bond length of 2.884 A, reflecting the
geometric incommensurability. The arsenic dimer bond dis-
tances are subsequently elongated by 0.025 A upgrad:
sorption. Likewise, the bond distances of the four carbon
atoms participating in the surface reaction are also increased FIG. 3. The optimized structure of ,g on the GaAg01)
slightly compared with their gas-phase values. Part of the(4x4) reconstructed surface with a top view and a side view
fullerene structure near the adsorption site becomes considiong the[110] direction.(a) S*: the pentagon of & facing down
erably deformed as the molecule forms new bonds with théhe single dimer(b) S%: the hexagon of g; facing down the single-
surface. The adsorption also makes a considerable impact etimer. (c) S a shared double bond of the adjacent pentagon and
the top layer structure as the interlayer distance near theexagon in Gs facing down.(d) S a shared double bond of the
binding site between the arsenic layers is changed froradjacent two hexagons in,gfacing down.

1.23 Ato 1.27 A and the distance between the second As
layer and the top Ga layer is increased fromlence band of th&* system is broadened slightly across the
1.25 A to 1.29 A[Fig. 3@)]. Fermi level. Much of the contribution comes from the con-

The attachment of & at the surface is dictated by two of duction band of G which consists of mostly the antibond-
the so-called2+2] cycloaddition reactions. The highly un-
saturated As dimer is reacting with the unoccupiedrbitals 2
of C,g, forming a four-membered ring with two newbonds &
between As and C atoms. The double-dimer site allows twog h
As dimers and a diene segment of the pentagon jnt€ 3
participate in the cycloaddition reactions simultaneously. s
However, one of the two cycloaddition reactions is incom- i
plete due to the structural incommensurability. Mulliken
population analysis indicates that charge transfer from ar | =
arsenic dimer to & by a 0.333 electron. The reaction gives mu S ';4 s = :
rise to an adsorption energy of —1.88 eV, suggesting that the @ 2 (b)DeuilyoisS?-tu © & @ z
adsorption structure is highly stable at this site. Figui® 4
displays the calculated density of states spectrum. Compared FIG. 4. The calculated density of statd309): (a) S, (b) S,
with the DOS spectrum of the substrdféig. 2(a)], the va-  (c) S, and(d) S°.

@
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TABLE I. The calculated adsorption energies ofgCat the Next, we examine theS” configuration by aiming the
single-dimer (S), double-dimer (D) and trench (T) sites of  double bond shared by a pentagon and a neighboring hexa-
GaAg00]) surface with various conformations and the correspond-gon in Gy at the single-dimer site. As expected, {ige+ 2]
ing Mulliken charges transferred from the surface ta.C cycloaddition reaction takes place to form a four-membered
. ring structure with the bond distances of the two new
Adsorption energy  Charge bonds being 2.137 A and 2.141 A, respectivEfijg. 3c)].

Site Orientation (ev) transfer However, this configuration is not stable as the standing new
Single 5 ~1.88 0.333 ring structure does not adequa_tely ;upport_the adsorbate. As
& 163 034 a consequence, the. fullerene is twisted sllgh_tly to form an
additional ¢ bond with the end atom of a neighboring As
s -1.33 0.361 dimer with a bond length of 2.128 A. Compared w@hand
S -1.33 0.216 P, this chemisorption structure is much less stable. The cal-
Double D« -2.16 0.296 culated adsorption energy is only —1.33 eV. Like the above
D# -1.95 0.244 two cases, charge transfer from the substrate to the fullerene
Trench Ta 221 0.318 molecule by 0.361 electrons provides the driving force for
T8 -3.02 0.359 the surface reaction. The calculated DOS spectfiig.

4(c)] indeed indicates that the empiybands of Gg and the
electron lone pairs of the As dimers dominates the valence

ing 7 orbitals. The DOS spectrum indicates that the overlag?and, consistent with the charge transfer mechanism de-
between the valence band of the substrate, which is govern&gribed in the above.
primarily by the unsaturated orbitals of As dimers, and the Finally, we lined up a double bond shared by two adjacent
conduction band of & gives rise to the strong chemisorp- Pentagons with the As dimer in the middle and then per-
tion, allowing Gg to accept electrons from the surface. Theformed the energy minimizatiofS’). A typical [2+2] cy-
change in the valence band and the conduction band igloaddition reaction takes place with twobonds between
largely dictated by the As dimers andgaand a small con- carbon atoms and arsenic atoms formed in a four-membered
tribution comes from the rest of the GaAs layers. ring structure. The optimized structure, shown in Figl)4is
For &, the fullerene was placed on top of the middle AsSymmetric with the two bond distances of 2.134 A, and
dimer with a hexagon facing down with the anticipation that2.137 A, respectively. This structure is not expected to be
a [2+4] cycloaddition reaction might occur. However, en- very stable since the standing four-ring adsorption structure
ergy minimization results in a quite unexpected chemisorpis very sloppy and can hardly support the fullerene. This is
tion structure: the fullerene molecule inclines to lean to theconfirmed by the smaller calculated adsorption energy,
trench site slightly; the two adjacent pentagons are then re=1.33 eV. The calculated DOS spectrum displayed in Fig.
acting with the end atoms of the three As dimers by forming#(d) can be interpreted in the same fashion a$in
three new covalent bonds, creating two adjacent six- It is clear that at the single-dimer site, the most stable
membered ring structurg&ig. 3(b)] with a chair conforma- adsorption configuration i$*. The chemisorption process
tion. The distance of the C-As bond in the middle is takes advantage of two cycloaddition reactions to support the
1.988 A, while the bond length of the other two on the sidesadhesion of fullerene on thec(4x4) reconstructed
is 2.208 A. The As dimer loosens up with the bond lengthGaAg001) surface. Nevertheless, due to the initial structural
increased lightly from 2.636 A to 2.656 A. The two side As alignment prior to the energy minimization, these reactions
dimers bonding with G tilts up toward the adsorbate and result in only three strong covalent bonds. It is thus expected
the As dimer in the middle is pushed downward slightly. that with careful alignment of the initial configuration of{
Considerable relaxation between the top Ga layer and théoward the As dimers, it is possible to achieve higher adsorp-
second As layer upon & adsorption is observed as the in- tion energies at the double-dimer site.
terlayer distance is increased from 1.24 A to 1.32 A. Struc-
tural deformation of the fullerene is also noted here as the
two pentagons form new chemical bonds with the surface. We examined two configurations of,£at the double-
The calculated adsorption energy is —1.63 eV, indicating tha@limer site: one with a pentagon lining up with two As dimer
C,g is stable at this site. bonds(D?®) and another with a hexagon facing the dimers
The chemisorption is governed by the charge transfefD?). The optimized structures with a top view and a side
from the electron lone pairs of the As dimers to the empty view are shown in Fig. 5 and the simulated spectra of the
bands of Gg with about 0.34 electrons being transferred.density of states are displayed in Fig. 6. The calculated ad-
Indeed, the calculated DOS spectriffig. 4(b)] indicates  sorption energies of the two configurations at this site are
that the emptyr bands of Gg and the low lying states of the shown in Table I.
dimers make most of the contributions to the conduction For D¢, the optimized chemisorption structure shown in
band near the Fermi level, supporting the charge transfdrig. 5@ is somewhat similar to the one f&" [Fig. 3(a)]
mechanism. A detailed analysis suggests that feature changakhough the detailed geometric arrangement differs. Bke
observed in the DOS spectrum are attributed mainly to théwo [2+2] cycloaddition reactions occur; one is complete
two top layers of As atoms and,gand the electronic struc- and another is not due to the incommensurability between
ture of the inner layer atoms remain essentially intact. the pentagon and the two As dimers. As a consequence, only

B. Double-dimer site
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FIG. 7. The optimized structure of ;g on the GaA&01)
c(4x4) reconstructed surface with a top view and a side view
FIG. 5. The optimized structure of ;g on the GaA&O01) along the[110] direction.(a) T*: the pentagon of & facing down
c(4x 4) reconstructed surface with a top view and a side viewthe trench site(b) T#: the hexagon of g facing down the trench

along thg[110] direction.(a) D*: a pentagon of g facing down the  site.
double-dimer unit(b) D?: a hexagon face down the double-dimer

unit. Surprisingly, a perfectly well-aligned initial structure with

two parallel C=C bonds of a hexagon in,galigned with
three genuiner bonds are formed with bond distances of two As dimers(D?) did not lead to twd 2+ 2] cycloaddition
2.162 A, 2.184 A, and 2.117 A, respectively. The incom-reactions upon energy minimization. Instead, the two end
plete cycloaddition yields a weak bond with a bond length ofatoms of the G=C bonds interact directly with the nearby
3.134 A. However, unlik&?, the C=C bond of Ggpartici-  end atoms of the adjacent As dimers to form twe-@s o
pating in the complete cycloaddition is from the shared bonconds with the bond distances of 2.147 A and 2.088 A, re-
between two adjacent pentagons instead of being betweenspectively. The adsorption yields a six-membered ring struc-
pentagon and a hexagon, as is the cas&fomherefore, the ture with a “boat” conformation. The adsorbate tilts slightly
geometry is less strained. Indeed, the—@ bond is toward the trench site, as shown in FigbB The calculated
stretched more significantly uporpg£adsorption than in the  adsorption energy is —1.95 eV, suggesting that this is a stable
case ofS* (from 1.452 A to 1.626 A inD* versus from adsorption site. Once again, the chemisorption is governed
1.448 Ato 1.593 A in S%). The calculated adsorption by the charge transfef.244 electronsfrom the As dimers
energy is —2.16 eV, slightly higher than the oneSh The  to the emptyr bands of fullerene, as is clearly shown by the
Mulliken population analysis gives a charge transfer of 0.29&alculated DOS spectrum.
electrons from the substrate to the fullerene. The lattice In general, the chemisorption of,gat the double-dimer
relaxation occurs mainly near the adsorption site. The DOSite is energetically more favorable. The fullerene molecule
spectrum shown in Fig.(d) exhibits similar features as in is well supported by the As dimers via the formation of
the case of5™. C—As o bonds.

C. Trench site

The trench site is the confined area of the surface sur-
rounded by four three-dimer units as shown in Fig. 1. It is
about 8 A wide and 13 A long. Unlike the As atoms right
underneath the dimers, each of the four As atoms inside the
trench area connects with a dimer atom and two Ga atoms in
the next layer, leaving one dangling bond. We thus expect
that these atoms are also chemically active besides the highly
unsaturated dimer bonds.

We place Gg on the trench site with a pentagéh®) and

a hexagor(T?) oriented toward the surface, respectively. The

u” 3 "J‘- optimized structures with a top view and a side view are
O oo @ = displayed in Fig. 7 and the calculated spectra of density of
states are shown in Fig. 8. A detailed examination of these

FIG. 6. The calculated density of staté®0S): (a) D* and  structures indicates that,g forms strong covalent bonds
(b) DA. with the c(4 X 4) reconstructed surface.

Binding Energy (e¥)
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yields the highest strength at this site among all the adsorp-
tion sites we have investigated. The stronger chemisorption
arises from the higher charge transf@r359 electronsfrom

the surface to the £&. The dangling bonds of As atoms at the
trench site as well as the As dimer provide the major driving
force for the adsorption. The calculated DOS spectfhig.
8(b)] has a distinct feature around the Fermi level contrib-
uted mostly by the As dimep orbitals and the emptyr
orbitals of Gg.

Binding Energy (eV)

IV. SUMMARY

-10 =
0 ® Demit,?osfsomﬁ ) & We have conducted an extensive computational study us-
ing density functional theory on the chemisorption of a small
FIG. 8. The calculated density of staté909): (a) T* and  fullerene molecule, &, on the c(4X4) reconstructed
(b) TA. GaAdq001) surface. Adsorption at various adsorption sites
coupled with several possible orientations of the fullerene

1 1 o
foufogo%?evr\:ltﬂg)égzspfonrﬁggnvvfi?r? I?r?ed:L\JAtl)thrzi ,teth(_arrhee acrglcu molecule was carefully examined. In all cases, we found that

lated bond lengths range from 2.091 A to 2.201 A. Thethe adhesion of ¢z on the surface is strong and chemically
fullerene molecule interacts with the end atoms of threeStable covalent bonds between the fullerene and the substrate

neighboring As dimers and one atom of the second As laye?® formed. Th_e cht_amisorption results in lattice relaxatiqn
[Fig. 7(a)], forming newo bonds. Substantial structural re- @nd structural distortion of the fullerene molecule to a certain
laxation takes place. First,,gis now partially embedded in exFent, depending on the adsorption site and _fullere_ne orien-
the trench site. Consequently, the surface As dimers ari@tion. It was found that the strongest chemisorption takes
slightly reorganized; the dimer closer to the adsorbate i$lace at the trench site with a hexagon gf@cing down
“squeezed” slightly by G in the trench, making a shorter th_e surface and the weakest adsorption occurs at the single-
bond length of 2.542 A, while the bond distances of thedimer site.
other dimers become elongated to 2.704 A since one of the The dominant force for the chemisorption is the interac-
end atoms are pulled over toward the fullerene. Second, théon between the empty bands of fullerene, which acts as
chemisorption also results in considerable lattice relaxatio®" €léctron acceptor, and the electron lone pairs ofpthe
as both the second layer As atoms and the top layer Ga aton@ébitals of As, which behaves as an electron donor. The elec-
shift their positions from their original equilibrium locations; tron lone pairs reside not only on the As dimers but also on
those close to the adsorbate are pulled up and others adjU§€ As atoms confined in the trench area. They allow the
their positions accordingly, leading to a slight misalignmentsurface to undergo either[& +2] cycloaddition reaction or
of the top few layers. Consequently, the calculated adsorpsimple charge transfer reactions with the incoming adsorbate
tion energy, which is -2.21 eV, is significantly enhanced.With unsaturated bonds. These reactions are competing with
Mulliken population analysis suggests that 0.318 electrongach other and the optimal adsorption configuration is highly
are transferred from the substrate to the fullerene moleculélependent on the geometric arrangement that gives rise to
Figure §a) displays the calculated density of states. Com-the maximum bonding. Our results suggest that[the 2]
pared with the DOS spectrum of the substrate, the spectrufiay not be the only driving force for the chemisorption of
is broadened, reflecting the top layer structural change.  Cps On the GaA&01) surface, a feature that is strikingly
Finally, we examine the adsorption ofgon the surface different from most of the small organic molecules with un-
with a hexagon oriented to the trench s{fe®). The opti-  saturated bonds on silicon surfaces, where the cycloaddition
mized structure is shown in Fig.(). The atoms on the reaction dominates the surface reaction. Instead, the dangling
hexagon essentially reside at the same layer of the As dimerBonds at the trench site can mediate the chemisorption in
Three distincto bonds between G and the surface are conjunction with the unsaturated dimer bonds. For the
formed with bond distances of 2.071 A, 2.071 A, andpresent system, we found that this arrangement gives the
2.201 A, respectively; two bonds are created via interactiofighest adsorption energy. Finally, in all cases, [Ae-2]
between Gz and two atoms in the second As layer and thecycloaddition reaction was found to occur. The results pre-
third one is between an atom in the hexagon gf &hd the  sented in this paper suggest that the adsorption,gb@ the
end atom of the As dimer in the middle of the three-dimerc(4 X< 4) reconstructed GaA801) surface can be stable and
unit. The dimer participated in the bond formation is the monolayer is highly porous.
stretched significantly from 2.609 A to 2.792 A. This struc-
tural arrangement seems to fit the_ tr_ench site extremely well. ACKNOWLEDGMENTS
All atoms on the hexagon are within 3.6 A away from the
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