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PHYSICAL REVIEW B 70, 075410(2004)

First-principles study of adsorption of methanethiol on Cd0002)

L. G. Wang, E. Y. Tsymbal, and S. S. Jaswal
Department of Physics and Astronomy and the Center for Materials Research and Analysis, University of Nebraska-Lincoln,
Lincoln, Nebraska 68588-0111, USA
(Received 21 February 2004; revised manuscript received 10 May 2004; published 26 Augyst 2004

Investigation of the resident site and the adsorption phase structure of thiolates is of fundamental importance
for understanding the formation of self-assembled organic monolayers on metal substrate surfaces. In the
present study, we have investigated adsorption of methanethigSKEHn the ferromagnetic €@001) sur-
face using density functional theory calculations. We find that the dissociative adsorption®HGbtming an
adsorbed methylthiolat¢éCH;S) and an adsorbed H atom is energetically favorable, and that theS CH
molecule adsorbed at the threefold fcc and hcp hollow sites is most stable. The adsorption energy at the bridge
site is only~0.2 eV smaller than that at the threefold hollow site, and the adsorption ¢b @Hthe atop site
is unstable. For the\s“ﬁx \f§)R30°, (2% 2) and (2 3) adsorptions, we find that the S-C bond tends to be
normal to the surface, whereas for tf#x 1) adsorption it tilts away from the surface normal direction by
~40°. The(2X 1) adsorption phase is much less stable. The reduction of the adsorption energy with the
increasing coverage is attributed to the repulsive interaction between the adsorbates. Our calculations show that
the (\s"§>< \s‘§)R30° structure may form in the process of methylthiolate adsorption dfdD® due to its
adsorption energy being only 0.1 eV lower than that for (& 2) and (2 X 3) structures. We find that there
is a charge transfer from the substrate surface atoms to the S atoms, and that the S-Co bond is strongly polar.
The surface Co atoms bound to S have a magnetic momentLdf6ug, while the surface Co atoms unbound
to S have a larger magnetic moment ofL..85ug. The S atom in the adsorbed gH acquires a magnetic
moment of~0.08ug.

DOI: 10.1103/PhysRevB.70.075410 PACS nuni®er68.43—-h, 71.15.Mb

[. INTRODUCTION occur at the threefold fcc or hcp hollow sites, other
studied® ' indicated that the bridge site on ALL1) is the

In recent years the formation of organic molecular self-most favorable site for adsorption. Furthermore, a chemical-
assembled monolaye(SAMs) on metal substrate surfaces shift normal incidence x-ray standing wav€S-NIXSW)
has attracted much attentiér?.Due to the possibility of con-  study found that methyithiolate can coadsorb or{X1d) at
trolling vertical and horizontal distributions of molecular the bridge site with the probability of 71% and at the fcc
chains with respect to the surface plane, the SAMs are atollow site with the probability of 29%? This seems to be
tractive for various technological applicatiofsee, e.g., Ref. consistent with the cluster calculatiGfigor methylthiolate
4, and references thergiThey are also important for study- adsorbed on unreconstructed (Ni). These calculations
ing fundamental physical and chemical phenomena, such ;g_edlct that the three-coordinated fcc _and hcp sites on
surface reactions, the interface bonding between organiti(111) have the nearly same adsorption energy as the
molecules and metal substrate atoms, and the influence of thgidge site, whereas the atop site is slightly less favorable.
interface atomic structure on electronic and transport propelon the contrary, the thI2C1)|ate species were found to adsorb at
ties. Recent experimental studies show the possibility of th&1€ atop site on Pt11).% The S-C bond axis is either nor-
controlled growth of organic molecular layers on magnetic™al to the surface'’ or tilted away from the surface normal
metal substrates that opens new directions for using thg_'reCt'On-lo’lz’ls_lsA_fecent work by Ferrakt al!® empha-
SAMs, e.g., in spintronic applicatiofi$. The functional sized th_at the bonding of thealkanethiols is mdependent of
properties of future devices based on organic/metal multilaythe chain length when the adsorbates are perpendicular to the
ers are largely controlled by the adsorption phase structurgurface. The authors also found a large charge trgnsfer from
and the interface bonding. Therefore, understanding the adbe Cu111) surface to the adsorbatéSeveral studie3~>*
sorption mechanisms and the resulting electronic and atomighowed that the adsorbates form an adsorption structure of
structure of the metal/adsorbate complexes is crucial for thév3X V3)R30°. However, it was also argu€dhat the ad-
functioning of these devices. sorption structure has &4 X 2) periodicity. Ab initio calcu-

It has been well established that the organic moleculelations by Varga®t al® found that the two adsorption struc-
such as methanethiol, deprotonates when adsorbed on vatires on Agl11) are almost degenerate in energy, whereas
ous metal substrate surfaces at low temperafiifésdow-  Yourdshahyan and Rapi¥e showed that an alternative
ever, there still exist many controversies on the adsorptio®(4x2) model is energetically preferred over the
site of thiolates, the adsorption phase structure, and whethéx3x \f§)R30° adsorption structure. A metastaki®x 4) or-
or not the adsorbates dimerize. While the adsorption 0 H dered phase of methylthiolate on @11) was recognized
on the N{111),? Cu(111),**3and AU111) (Refs. 9 and 1#  recently by experiments and thedfylt is interesting that
surfaces was found both experimentally and theoretically taheoretical studies clearly indicated a dependence of the ad-
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sorption energy on the coveradfe!® Another longstanding TABLE I. Theoretical and experimental values of surface relax-
issue is whether or not the adsorbed thiolates dimerize anafion, surface energy, and magnetic moments of the cle4d00d
adsorb as dimethyl disulfides on the substrate surfaces. Agurface.Ad;, Adys and Adg, denote the relative changes in the
though some authors arg#éde that there exists adsorption interlayer distancesd;, d,3 andds, (see Fig. 1 compared to the
of disulfides, most experimental and theoreticalbulk value o_f 2.03A. Previqus FLAPW results and experimental
studie§16-1826.29ggest that the S-S bond tends to cleave/alues are given for comparison.
resulting in thiolate adsorption on the substrate surfaébs. _
initio calculations showed that the cleavage of the S-S bon§oPerty This work ~ FLAPW  Expt”
is energetically favorabl&16.17

In the present paper, we investigate the chemisorption
methanethiol on a ferromagnetic @01 surface using

relaxation
R, (%) -3.0 2.1

density-functional calculations. This system is interestingAd23(%) 0.6 +13
because of the recent experimental attempts to grow thedsa(%) —01 —0.2
organic molecular SAMs, such as 1,1-biphenyl-4,4'- surface energy

dimethanethiol, on Co substrates aiming at spintronicy®®}J/n?) 2.1 2.2 1.88
applications>® Due to a high dielectric constant and the pos-magnetic moment

sibility to control molecular chain distributions in the SAMS, syrface(ug) 1.76 1.76

this organic layer can be made very thin and, therefore, cag,, (ug) 161 163 1.58

serve as a dielectric barrier in magnetic tunnel junctidos
a recent review on magnetic tunnel junctions, see Ref. 30°Reference 38.
Although methanethiol is a much simpler molecule com-°Reference 37.
pared to 1,1'-biphenyl-4,4’-dimethanethiol, the latter has the Reference 39.
same headgroup, GB, which bonds to a substrate. Similar “Reference 40.
to adsorption on other substrate surfaces, we find that the
dissociative adsorption, forming an adsorbed;SHpecies Eiy(substraty E,(moleculg, and E;(n—molecule/
and an H atom on Q600Y), is energetically preferred. Our substratg are the total energies of the clean substrate, the
calculations indicate that the threefold fcc and hcp hollowgas-phase molecule, and the interacting surface and
sites have nearly degenerate adsorption energy and are thdsorbed-molecule system, respectively. These total energies
most stable sites for adsorption of methylthiolate onare obtained by performing spin-polarized calculations using
Co(000)). The bridge site is higher in energy than the hollowthe pseudopotential plane-wave metfod in the frame-
sites by~0.2 eV, and the adsorption of methylthiolate at thework of density-functional theory with the generalized gra-
atop site is unstable. We find that the adsorption energglient approximation(GGA) for the exchange-correlation
strongly depends on the coverage. From the adsorption epotential®> We use a slab model to simulate the surface ad-
ergy results, we predict that thig3 X y3)R30° phase can be sorption: the slab includes 5 Co atomic layers and a vacuum
formed for methylthiolate adsorption on @®01). We infer ~ region equivalent to 12 atomic layers. The (0001 sub-
that the repulsive interaction between the adsorbates is trgrate is unreconstructed. We put the adsorbed molecule on
reason for the adsorption energy reduction with increasin@ne side of the slab. The atoms in the subst(ateept for
coverage. We find that there is a charge transfer from thé&e two bottom layensand in the adsorbed organic molecule
substrate surface to the S atom in the adsorbed state, and ttaie  allowed to relax. The Vanderbilt ultrasoft
the S-Co bond is strongly polar. The surface(iG@toms  pseudopotential®; which include 9, 6, 4, and 1 valence elec-
bound to S have a magnetic moment-of.66ug, while the ~ trons for Co, S, C, and H, respectively, are employed to
surface C@ll) atoms not bound to S have a larger magnetigepresent the interaction of the core and valence electrons in
moment of ~1.85u5. The S atom in the adsorbed g1 these atoms. The electronic wave functions are expanded in a
Species acquires a magnetic momen{\(ﬁ_O&LB_ Dimeriza- plane—wave basis set with the energy cutoff of 350 eV. We
tion of the adsorbed Ci$ (i.e., forming adsorbed dimethyl Use speciak points® for the surface Brillouin zone integra-
disulfideg or the cleavage of the S-C bond in the adsorbedion equivalent to fourteen specialpoints in the irreducible
state(i.e., forming adsorbed S atom and gaseous;)sl  Part of the Brillouin zone of 41x1) surface unit cell. Our
found to be energetically unfavorable. theoretical lattice constani@=2.50 A andc=4.06 A) for
hcp Co compare well with the experimental valués
=2.51 A andc=4.07 A).3% As a further check of the param-
eters used, we calculate the surface relaxation, surface en-
We define the adsorption energy,sper molecule as fol- ergy and magnetic properties of the clean@®1), and the
lows: results are presented in Table I. As one can see from the
table, our theoretical surface relaxation values are in good
Eoge=— E[Etot(n - molecule/substrate agreement with the experimental valfésoth theory and
n experiment predict oscillating interlayer-distance relaxation
1) with a first layer-spacing contraction. The surface energy and
the magnetic moments are consistent with the results ob-
where n is the number of the adsorbed molecules, andained from the FLAPW calculatiofand are in reasonable

IIl. METHOD OF CALCULATIONS

- Epi(substratg— nE,(molecule],
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agreement with the experimental vali#&4° We also check
the adsorption energies by putting the molecules on bott
sides of a 9-atomic layer slab with the central layer fixed as
the bulk lattice. Our tests show that the adsorption energie:
are convergent to an accuracy of 0.2 eV/molecule with re-gg
spect tok points, energy cutoff, and slab thickness. Since we
are interested in the relative stability of various adsorption
sites, we always compare the energies in the same adsorptic
structure with the adsorbed molecule at different sites. There:
fore, the energy difference between two occupation sites
should converge to a better accuracy than 0.2 eV.

I1l. RESULTS AND DI ION . . . .
SULTS SCUSSIO FIG. 1. (Color onling Surface unit cells_and adsorption sites

First, we consider intact adsorption of methanethiol on(left pane): (a) (1x1), (b) (2X 1), (c) (V3X y3)R30°,(d) (2 2),
Co(0001). We find that CHSH always relaxes away from and(e) (2X3). The right panel shows an example of t{#x 2)
the surface, i.e., the adsorbed £3HH/Cq000]) state is en- a_dsorption supercell with methylthiolate adsorbed at the hcp hollow
ergetically unfavorable. Therefore, methanethiol does nozgi;)r?:ela%"ésf’tﬁi’rdarl‘grg'ls?to;?; fgﬁ;ﬁg’srtesfp”ri?esyrtehsepe'izﬂl‘j’;
rrllolecu-larly §d§orb on thg @an0Y surface. !\Iext, we .con— g:o(l) denotes the surface Co atoms bound to S, wheredH)Co
sider dissociative adsorption of methanethiol, and find thadenotes the surface Co atoms unbound to S in the surface unit cell
breaking the S-H bond to form an adsorbed methylthiolate '
CH;S molecule and an adsorbed H atom on the substratghis is different from the previous prediction that the most
surface is energetically favorable. The dissociative adsorpstable site for CHS adsorption on A@11) is located be-
tion state is 1.4 eV lower in energy than the infinitely sepa-tween the bridge site and the hollow sifel®We do not find
rated statdi.e., the clean C®00J) plus a free or gas-phase such a low energy site between the bridge and three-
methanethidl This is consistent with the theoretical calcula- coordinated hollow sites for the GH adsorption on
tions for methanethiol adsorption on other substrateCo(0001). In contrast, for the(\e@x V3)R30° adsorption the
surfaceg$. Experiments also show that methanethiol deproto-bridge site is a local minimum with an adsorption energy
nates when it adsorbs on the substrate surface at lowigher by~0.2 eV than that at the threefold fcc or hcp hol-
temperature$81911 Furthermore, we find that dimerization low site.
of adsorbates on the surfa@ee., forming adsorbed dimethyl The optimized atomic geometry and the adsorption energy
disulfides CHS-SCH) is energetically unfavorable. There- are presented in Table Il. We consider two high symmetry
fore, in the present study we focus on investigating the aderientations for the hydrogen atoms in adsorbed methylthi-
sorption site and adsorption structure of methylthiolate orolate, i.e., the so-called staggered and eclipsed orientations
Co(0002). [see Fig. 4a) of Ref. 18, and find that the energy difference

We consider four adsorption sites, i.e., the fcc, hcpbetween the two orientations is1 meV, being less than the
bridge, and atop sites, which may be occupied by the thiolataccuracy of our calculation. For thg3 X y3)R30°, (2X 2)
CH3S on the CE001) surface. The adsorption phase and(2x 3) adsorptions, we find that the S-C bond prefers to
structure is assumed to & x 1), (2X1), (V3XV3)R30°,  be normal to the surface. For tk&x 2) adsorption at the fcc
(2X2) or (2% 3), corresponding to the coveragevarying  hollow site, we calculated the dependence of the adsorption
between 1 anc&ML (/=1 ML means one CES molecule energy on the S-C bond tilt angle. Our results indicate that it
per one surface Co atomThe adsorption sites and surface has the lowest energyr the largest adsorption enejgyhen
unit cells of the adsorption structures are shown in Fig. 1. the S-C bond is normal to the surface. The S-Co bond

We find that the(1 X 1) structure is unstable, i.e., it has a lengths are longer when the G8& molecule adsorbs at the
negative adsorption energy, no matter on which site we puthreefold hollow sites compared to those at the bridge site.
the thiolate species. For other adsorptions, we find that thé&he S-C bond tilts away from the surface normal direction
adsorption energy is always positive when the methylthiolat@nly for the (2x 1) adsorption(see Table . The three
adsorbs at the threefold fcc and hcp hollow sites. The threeS-Co bonds in this adsorption structure have very different
fold fcc and hcp hollow sites are found to be the most stabldond lengths, and the S atom positibyis higher than for
adsorption sites and have nearly same adsorption energieather adsorptions.
This is easy to understand because the two adsorption struc- The adsorption energy is found to depend on the cover-
tures are different from each other only starting from theage. Figure 2 shows the adsorption energy for various ad-
third layer. The bridge site is unstable for tf#2< 1) adsorp-  sorption structures with C§$ at the fcc hollow site. We find
tion. The bridge site is not a local minimum for tk2x 2) that the adsorption energy approaches a constant value when
adsorption because, if we do not constrain the relaxation, ththe coverage is smaller th%rML. The adsorption energy for
CH,S molecule always goes to the threefold fcc or hep holthe (v3 X V3)R30° structure is slightly lower than that for the
low site. However, the unconstrained relaxation only resultg2x 2) and (2 X 3) structures. However, thex 1) adsorp-
in the adsorbed species to move to a threefold hollow sitetion is much less stable. Previous studies suggested that sur-
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TABLE Il. Optimized atomic geometry and adsorption energy for various adsorption structures.
=1 ML corresponds to one methylthiolate molecule per a surface Co atom. “Unrelaxed” means that the
relaxation of the Co atoms on the substrate surface is not allowed, whereas “constrained” means the S atom
is fixed at the bridge site, whereas all other atoms in the substrate and adsorbate are allowed Iig relax.
stands for the vertical distance between the S atom and the relaxed clean surface jgahe.tilt angle of
the S-C bond away from the surface normal direction.

6 (ML) h, (A) ds.cdA) ds.o(A) #(°) Eags(eV)
(2X1)
fcc % 1.83 2.18 2.21 2.45 1.91 42.8 0.57
fcc (unrelaxed 5 0.25
hcp % 1.82 2.18 2.20 2.37 1.87 36.6 0.45
bridge 5 unstable
(V3% \3)R30°
fcc % 1.67 2.22 2.22 2.22 1.85 0 2.92
hcp % 1.68 221221221 1.84 0 2.92
bridge % 1.66 2.17 2.17 1.85 0 2.73
(2%2)
fcc ‘_11 1.67 2.20 2.20 2.20 1.85 0 3.05
fcc (unrelaxedl i 3.00
hcp ;11 1.67 2.20 2.20 2.20 1.85 0 3.03
bridge (constrainey 3 1.56 2.16 2.16 1.86 0 2.81
(2% 3)
fcc % 1.68 2.20 2.20 2.20 1.84 0 3.05

face atom relaxation is responsible for the dependence of thetoms was used to explain the dependence of adsorption en-
adsorption energy on the coverd§do check this prediction ergy on the coverage for oxygen adsorption on((ROY

we calculated the adsorption energy for the 0.5 Mbrre-  (Ref. 41) and Ag111).*> The fact that the(y3Xx V3)R30°
sponding to th€2 X 1) structurg@ and 0.25 ML[correspond- ordered phase has the adsorption energy close to that for the
ing to the(2x 2) structurg coverages without allowing the (2X2) and(2Xx3) structures suggests that there is no sig-
surface atoms to relax. The results given in Table Il and Fignificant repulsive interaction between the adsorbates in this
2 (star symbols show that the surface atom relaxation hasPhase. Unlike the previous calculations performed for the
very small effect on the dependence of the adsorption ener%d_sorp'“.On of CHS on Au111),***®we do not find that the

on the coverage. We infer from this that the adsorption enPridge site is the most stable site for adsorption of;Etén

ergy reduction with increasing coverage is due to the repulc0001. Therefore, we predict that thec(4x2)

sive interaction between the adsorbed methylthiolates. Simi3<4) phases will not form for CkS adsorption on

larly, the repulsive interaction between the adsorbed oxygeﬁ'o(oooj)- ) . .
The magnetic moments and the spin projected charge

4 — T populations are presented in Table Ill. First, we see that the
| surface Co atom has a magnetic moment of dg{@vhich is
(2x3)  (2x2) (3% {3) larger than the magnetic moment for the bulk, Jgldue to
3r 1 the narrowing of the & electron bands at the surface. This

magnetic moment value is in excellent agreement with the
previous FLAPW calculatiori8 (see Table ) There exists
two types of surface Co atoms for the ¢¥adsorbed sur-
face, which have distinct magnetic moments.(IC@toms

adsorption energy (eV)
N
1
1

1TF . bound to the S atom of C§$ have a magnetic moment of
(2x1) | ~1.66ug, which is smaller than that on the clean-surface

0 T atoms, whereas Cb) atoms, which are next to €9 and

0.1 0.2 0.3 0.4 0.5 unbound to S, have a larger magnetic moment-af85ug.

The difference in magnetic moments mostly results from the
difference in the minority spin population since its change is
FIG. 2. Adsorption energy for various adsorption phase struciwice as much as the population change for the majority spin.
tures with methylthiolate adsorbed at the fcc hollow site. For theWWe note that Cd) have the total number of valence elec-
‘unrelaxed’ case(see explanation in the caption to Tablg the  trons close to that they have in the bulk, andCohave the
adsorption energy is represented by the star symbol. total number of valence electrons close to that they have on

Coverage (ML)
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TABLE lIl. Spin projected charge populations and magnetic Co/Al,O5 interfacé® and offers the possibility to use mag-
moments within each atomic sphere of the Co and S atoms for bulketic junctions with the Co/organic interfaces in spintronic

hcp Co, clean C®001), and adsorbed G600J).

S p d tot tot(T+]) M (up)

bulk hep Co

Co T 0.22 0.20 4.45 4.87 8.13 1.61
| 0.23 0.25 2.78 3.26

clean surface

Co T 0.21 0.16 4.52 4.89 8.02 1.76
| 0.23 0.22 2.68 3.13

(V3% 3)R30°

Ca(l) T 021 0.20 4.49 4.90 8.13 1.67
| 022 0.23 2.78 3.23

S T 0.69 1.38 0.08 2.15 4.22 0.08
| 0.68 1.30 0.09 2.07

(2x2)

Cal) T 021 0.21 4.48 4.90 8.14 1.66
| 022 024 278 3.24

Call) T 021 0.17 456 4.94 8.02 1.86
| 022 0.21 2.65 3.08

S T 070 1.36 0.09 2.15 4.23 0.07
| 0.68 1.31 0.09 2.08

(2% 3)

Cal) T 0.21 021 4.47 4.89 8.12 1.66
| 0.22 024 277 3.23

Call) T 0.22 017 455 4.94 8.03 1.85
| 0.23 0.21 2.65 3.09

S T 070 136 0.09 2.15 4.22 0.08
| 0.68 1.31 0.09 2.07

the clean surface. The exchange splitting of the @d&nds
induces a magnetic moment of about Qu@&at the S atom.

applications.

Figure 3 shows the total valence electron density and the
difference electron density for tHg'3x \3)R30° adsorption
with the hydrogen atoms having the eclipsed orientatfon.
We see that the electron density around the surface Co atoms
is depleted, while there is a significant enhancement of the
electron density at the Co-S bond close to the S atom. This
is similar to the adsorption of C}$ on Au111) (Refs. 9 and
15) and Cy111) (Ref. 13 substrates, in which the metal-S
bond is found to be strongly polar with a charge accumula-
tion near the S atom and a depletion near the metal atom
along the bond. By comparing the number of electrons in the
atomic sphere around the S atom in the adsorbed and gas-
phase CHS, we find that there is a charge transfer from the
surface Co atoms to the S atom. The S atom gains 0.22
electrons from the substrate surface for th8x y3)R30°
and (2X 2) adsorptions, which is similar to a net excess
charge of ~0.3 electrons for the C}$ adsorption on
Au(111) compared to the free radicaSimilar to the O
antibonding state for oxygen adsorption on(Af1),*? we
find that the S P antibonding state is largely occupied,
which reduces the strength of the covalent bonding between
Co and S. However, there is a much stronger hybridization
interaction between the Cod3and S 3 orbitals than the
interaction between the Audsand S 3 orbitals because the
Co 3d states lie higher in energy than the Aud States.
Therefore, the Co-S bond is stronger than the Au-S bond,
which explains why adsorption of G8 on C¢0001) has a
much larger adsorption energy of 3.0 eV compared eV
for adsorption on A(111).° Figure 3 also demonstrates that
the perturbation due to adsorption is mainly in the topmost
Co layer, which is consistent with the small difference in the
adsorption energy between the two threefold hollow sites.

Our calculations also indicate that breaking the S-C bond
in the adsorbed C$ to form the adsorbed S atom and free

We see, therefore, that the bonding between the surface GoHs is energetically unfavorable. Therefore, at low tempera-
atoms and the S atoms does not quench the interface magrteres it is impossible to cleave the S-C bond and form ad-
tism. This is similar to the prediction obtained for the sorbed S atoms and gas-phase;CFhis is consistent with

(a)

(b)
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[ 2560
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35.0
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20.0
- 25 FIG. 3. (Color onling (a) Optimized atomic
10.0 structure (topview), (b) total valence electron
v 5.0 density, andc) difference electron density for the
b R -5.0 (V83X y3)R30° adsorption with CES at the fcc
3 o [ |00 hollow site. The difference electron density is de-
15,0 fined by Ap=p(CH3S/substrate-p(substratg
-20.0 _p(CHBS)
-25.0
-30.0
-35.0
[110]
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the experiments in which adsorbed S atoms were observeatisorption energy decreases when the coverage g6@id
only at high temperatureés:?’ creases. This is attributed to the repulsive interaction be-
tween the adsorbates. We predict that thgx V3)R30° ad-
sorption structure may be formed for methylthiolate
adsorption on C@®00) since the adsorption energy is only
We have performed Spin_po'arized total energy Ca'cula_o.l eV |OW€I‘ than that fOI’ thé2>< 2) and (2X3) structures.
tions for adsorption of methanethiol on the magneticOur calculations indicate that there is a charge transfer from
Co(000) substrate. The most interesting issues such as thée substrate surface atoms to the S atom, and that the
adsorption site and the adsorption phase structure have be€nCo bond is strongly polar. There exist two types of the
carefully investigated. For the clean (@001 surface, our ~Surface Co atoms upon adsorption:(Qpwhich are bound
results for the surface relaxation, surface energy and mad® S of CHS, have a magnetic moment of1.66ug and
netic moments are in excellent agreement with available exco(ll), which are next to C@) and unbound to S, have a
perimental values and previous FLAPW calculations. Welarger magnetic moment of 1.85uz. This magnetic moment
find that in the process of adsorption methanethiol tends télifference mostly results from the difference in the minority
deprotonate, i.e., breaks the S-H bond to form methylthiSpin populations. The induced magnetic moment on the S
olate CHS, which adsorbs on @8001). The most stable atom in the adsorbed GB is ~0.08ug.
adsorption sites for adsorption of G& on Cd0002) are the
threefold fcc and hcp hollow sites. The adsorption energy at

the bridge site is~0.2 eV smaller than that at the threefold  we are grateful to our colleagues Peter Dowben and Tony
hollow site, and it is unstable when G8iadsorbs at the atop Caruso for useful discussions. This work is supported by
site. For the(y3X 3)R30°, (2X2) and (2X 3) adsorption  NSF-MRSEC(Grant No. DMR-0213808 NSF (Grant No.
structures, we find that the S-C bond tends to be normal tdMR-0203359, and the Nebraska Research Initiative. The
the surface, whereas for tH@x 1) adsorption structure it calculations were performed utilizing the Research Comput-
tilts away from the surface normal direction by40°. The ing Facility of the University of Nebraska-Lincoln.

IV. SUMMARY
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