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LEED investigations on Cd0001): The (2X2)-(K+2CO) overlayer
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The local adsorption structure of the coadsorption phase of K and CO @0Ch has been determined at
160 K using dynamical low-energy electron diffraction. The K atoms in the Z? overlayer adopt the on-top
sites as in the (X 2)-K structure, but the bond length to the nearest Co atom increases by 0.2 A to 3.14
+0.05 A. The CO molecules are shifted from the on-top sites of tf8x(/3)R30°-CO structure to the fcc
and hcp three-fold hollow sites. The axis of the CO molecule is perpendicular to the surface. The adsorption
induce buckling in the top Co layer, pushing the Co atom beneath the K by-0.23 A towards the bulk.
The optimum length for the C-O bond is 1:20.1 A and that for the C-Co bond 2:®.1 A. The obtained
structure is compared to other known €®& coadsorption structures on transition metals, as well as to the
(\3x\/3)R30°-CO and (X 2)-K structures on C@®001).
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[. INTRODUCTION effect is, however, much smaller than what is reported on the
Ni surface®®
The coadsorption of alkali meta{& M) with simple mol- This paper is part of a larger study of adsorbate structures

ecules like CO or @ form a well-defined playground for On Cd0001: The structures of the clean surface and the (2
studying promotion effects in catalytic systems. The interacX 2)-K (Refs. 11,12 and that of the (3x {3)R30°-CO

tions of the adsorbed species with the surface and with cadfverlayet®**have been reported earlier. The coadsorption of

. . . potassium and CO on @@001) has been studied in the past
22:5; zasrfsgrg;eat importance in understanding more CompllWith TDS, low-energy electron diffractiofLEED), x-ray

, ) hotoelectron spectroscopgXPS) and low-energy ion scat-
The adsorption of CO is generally assumed to take placgying (LEIS). Based on these studies, we know that the ad-

via charge donation from theoorbital of CO to the empty  sorption takes place molecularly on the surface and the (2
states of the substrate, whereby the M-CO bond is formedx 2) structure is formed with one K atom and two CO mol-
The simultaneous back donation from the substrate to thecules in the unit cell. The CO molecules are located be-
antibonding 2* orbital of CO weakens the C-O bond. On tween the K atoms so that the oxygen atoms are located
the hand, the charges removed from the Bvel and do- closer to the surface than the K atormi this paper we
nated to the z* level result in a more uniform distribution report the (22) surface structure formed during coadsorp-
of the 1 level which strengthens the C-O boh@iPotas- tion of CO and K on C001. _

sium adsorption has been shown to facilitate the CO dissq- Coadsorption structures of CO and alkali metals have
ciation on Ni surfaces, and this has been explained to tak een _SO|V165C| only in the case M(,ZXZ)'(K+CO) on
place via charge transfer from the AM atom to the antibond-C0(1010),™ (2x2)-(K+2CO0) on N(11D (Ref. 16 and

ing 27* orbital of CO, probably via the substrate. The ad_(2><2)-(C3+2CO) on R§000). * The current results will

. . the compared to these studies. In this respect we will discuss
_sorptlon energies of th_e coac!sorbatgs have been obse_rvedt 2 CO bond lengths and the possible trends for CO disso-
increase in calorimetric studiéand in thermal desorption  ciation on transition metal surfaces. A review has recently
experiments. appeared discussing the existing coadsorption structfires.

According to our earlier results, the presence of K does  \We pose three questions for the alkali-metal coadsorption
not promote the CO dissociation on (0001 at room tem-  with CO: (i) What are the actual adsorption sites on the sur-
peratures and at UHV conditiodOn the contrary, on poly- face and how does this differ from the single absorbant case?
crystalline Co foil, where CO dissociation has been $een, (i) How does the coadsorption affect the bond length of the
the K atoms inhibit the CO dissociation probably by prefer-CO molecule and the radius of the alkali metal and how do
ential adsorption at the same sites facilitating the C-O bondhese correlate with the increased tendency of CO dissocia-
breaking® The binding energies of both K and CO increase,tion? (i) How does the coadsorption change thg binding of
however, as evidenced by the shift in the desorption maximﬂ?e adsorped mplecules to the surface and what is the mecha-
in thermal desorptionTDS) experimentd in accordance NiSM causing this effect?
with CO and AM coadsorption on other transition metals. On
Co foils a small increase in the production of longer chain
hydrocarbons during CO hydrogenation at atmospheric pres- The experiments were performed in a stainless steel UHV
sures, normally explained by the increased tendency for C@hamber with facilities for, e.g., x-ray photoelectron spec-
dissociation, has been observed due to K promctidhis  troscopy, thermal desorption spectroscopy, and low-energy

Il. EXPERIMENT

0163-1829/2001/635)/1554027)/$20.00 63 155402-1 ©2001 The American Physical Society



J. LAHTINEN et al. PHYSICAL REVIEW B 63 155402

electron diffraction measurements. The system was pumpddtensity of the diffraction spot was calculated without any
with an ion pump, and the base pressure during the experbackground subtraction to minimize the amount of noise in
ments was around 50 nPa. A more detailed description of ththe IV spectra.
UHYV setup is available elsewheté? The theoretical (E) spectra were calculated using the
The Cd000)) sample disk was spot welded to the samplesymmetrized automated tensor LEED package of Barbieri
holder via tantalum wires, which were used both for resistiveand Van Hoveé? The phase shifts were calculated using the
heating and conducting heat to the heat sink cooled wittBarbieri-Van Hove phase-shift packafeWe used ten
liquid nitrogen. The lowest attainable sample temperature ophase shifts in the calculation.
160 K was used in the experiments. The manipulator stage The real part of the inner potential was varied in the
could be rotated around the vertical axis and the sampl&-factor analysis. The imaginary part of the inner potential
holder provided azimuthal rotation enabling accurate alignthad a constant value 6f5 eV. Because of the limited con-
ment of the sample normal along the electron beam. vergence range of tensor LEED, we repeated the calculation
The initial cleaning procedure of the sample has been desaf the reference structure for a large range of K-Co distances
scribed earlief’ Between the experiments, the surface resi-in steps of 0.3 A and again at the firifactor minima.
dues were removed by one hour sputtering with 1.1 keV Ar  For the substrate Co layers, a Debye temperature of 385 K
ions, followed by annealing at 650 K for one to two hours.was used. For the outermost Co layer an enhanced vibration
Cleanliness of the sample was checked by measuring the Odmplitude was used, being2 times the root-mean-square
s and C 1s peaks using XPS before each measurement. Thmplitude in the substrate. The adsorbate atoms were treated
final test for the cleanliness was the formation of the LEEDas one composite layer and the rumpled substrate layer was
pattern of the (/3% \/3)R30° structure. This surface struc- treated as another composite layer.
ture was obtained by exposing the(0002) crystal to 1.25 L The theoretical and experimentdE) spectra were com-
of CO at 160 K, as described earlier byds. pared using the Pendi§ factor?® The total energy range of
Potassium evaporation was accomplished with a standaittie symmetrically inequivalent beams was 2250 eV, of
SAES getter source at a distance of about 2 cm from thevhich 870 eV for integer-order beams and 1380 eV for half-
sample. A current of 4.6 A was passed through the gettegrder beams.
and four minutes was allowed for the stabilization of the K The termination of th€0001) surface leads to two differ-
flux before each evaporation. The X2)-K structure was ent domains, both exhibiting threefold symmetry. The ex-
prepared by depositing a full monolayer of potassium afperimental data is an average over these domains and the
room temperature and subsequently heating the surface up diffraction pattern has sixfold symmetry. Each experimental
400 K as reported earlier by 452 curve can thus be calculated as an average of six individual
When the (2 2)-K surface was exposed to CO, the qual- spots save for th&3/2, 1/2 beam, which is an average of 12
ity of the LEED pattern improved, but no other changes werespots. In the calculations, both terminations have threefold
detected indicating formation of a §2)-(K+nCO) struc- symmetry but they are averaged using equal weight in order
ture. A saturation exposure of 45 L of CO were used. Theo reproduce the experimental data. Additionally, in some of
amount of CO in the coadsorption phase was deduced conthe models, three coexisting adsorbate domains were formed,
paring the TDS spectra from the/8x 3)R30°-CO and Which were similarly averaged.
(2%X2)-(K+2CO0) structures, resulting in the structure After obtaining the best-fit structure, the geometric pa-
where there is two CO molecules in the unit Cell. rameters were varied one at a time in the neighborhood of
The LEED experiments were made with a four-grid rear-the R-factor minimum and the uncertainties of the param-
view LEED unit. The diffraction images were recorded to aeters were obtained using the variance of fhfactor.
computer with a video camera having a resolution of 512
X512 pixels and 256 grayscales. The same computer con-
trolled the incident electron beam, allowing measurements of
the intensity versus voltage curves. More details on the The experimental intensity vs. energy curves for the three
LEED measurement is available in Refs. 13,21. integer and five half-order beams are shown in Fig. 1 with
The degree of damage due to the electron beam was es8elid lines.
mated by comparing visually the spot sizes and the bright- The calculations were started by testing all high-
ness of the background before and after the LEED measurgymmetry sites for the K atom and the CO molecules in a
ment. No changes in the quality of the LEED pattern wasrough search. The K atom can locate at the on-top site, fcc
detected, even after extended exposures of electron beam, site, or hcp site and if the CO molecules are placed sym-
contrary to the very delicate\Bx 3)R30°-CO structure.  metrically between them, a combination of fcc and hcp sites,
top and hcp sites, or top and fcc sites is obtained, respec-
tively, as shown in Fig. 2. As an alternative, the CO mol-
ecules can be placed at the similar sites as the K atoms giv-
The spot intensities in the diffraction images were ana-ing rise to rows of CO molecules between the K atoms and
lyzed off line after the measurement with a homemade softto the formation of three different adsorption domains ro-
ware producing the experimentdE) (intensity vs. energy tated by 120°. As the last structure, the K atoms can be at the
curves. The shape of the measured spot area is circular atdidge sites, and the CO molecules at the top and fcc sites.
its size is adjusted to give a constant area inklspace. The In each reference structure, the substrate was ideally ter-

IV. RESULTS

IIl. COMPUTATIONAL DETAILS

155402-2



LEED INVESTIGATIONS ON C@0001): THE . .. PHYSICAL REVIEW B 63 155402

v T T TABLE I. The final PendryR factors for the different beams of
; ; the optimized (% 2)-(K+2CQO) structure on Q0001 shown in
@ Fig. 3.
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FIG. 1. Experimenta{solid lineg and calculateddashed lines
I(E) curves for the integer-order and half-order beams from the (

ructures after the rough search are given nex h struc-
% 2)(K- 2CO) structure on the G0O0D surface. 25t uctures after the rough search are given next to each struc

ture in Fig 2. The top view cannot differentiate between the
fcc and hcp sites, but the IV analysis gave differriactors
minated. The distance from the potassium to the first Cd@or the K atoms at fcc sites compared to the K atoms at hcp
layer was varied in 0.3 A steps and the CO bond length wasites, as shown with the twl-factor values adjacent to the
1.13 A. The reference structures were optimized with respegight side structures in Fig 2.

to the atomic positions of the K atom and the CO molecules, The lowest PendrRR factor of 0.285, was obtained for the
one Co layers, and the inner potential. The full data set otructure where the potassium atom is at the on-top site and
three integer-order and five half-order beams was used fahe CO molecules at the hcp- and fcc-hollow sites. Based on
the optimization. The PendrR factors for the optimized the clearly higheR factors, the other adsorption site combi-
nations were ruled out.

The K-Co distance was 3.03 A and the fcc and hcp CO
molecules were located so that the center of the O atoms are
located 0.46 A below the center of the K atom. A small
difference in the bond length was detected between the CO
molecules adsorbed on the fcc and hcp sites. This structure
was then subjected to a refined analysis that also included
variations of the nonstructural parameters.

As a result, we obtained three local minima for the K-Co
Fccrtop&hcp R=0.528 distance: 3.14 A |Rp=0.273), 2.66 A Rp:O.342), and
Hcp-+top&fcc R= 0.717 3.63 A (Rp=0.419). The radius of the K atom calculated
from these numbers are between the ionic and metallic radii
) ) of K, and can thus be regarded reasonable, but the differ-
Bridge-top&fcc ences in theR-factor values are large enough to exclude the
two latter structures. The best-fit values of tRdactors of
the individual beams are shown in Table I. The best-fit in-
tensity vs. energy curves for the three integer and five half-
order beams are shown in Fig. 1 with dotted lines and can be
compared to the experimental curves.

The final structure of the (22)-(K+2CO) layer on
Co(0001) surface is presented in Fig. 3. The structure has a
K-Co distance of 3.140.05 A. The C-Co layer distances
for the fcc and hcp sites are 138.11 A and 1.32
+0.19 A, giving C-Co bond lengths of 2.80.08 A, and
1.96+0.13 A, respectively. The layer distances of the oxy-
gen atoms and the outermost Co layer are 2686 A for

FIG. 2. Top views of the different (22)-(K+2CO) structures the fcc site and 2.560.07 A for the hcp site. The C-O bond
on the Cg0001) surface tested in the calculations. The white I€ngths, calculated from the positions of the C and O atoms,
spheres are the surface Co atoms, the large black spheres are thd® the fcc and hcp sites, are 120.13 A and 1.24
atoms, and the small gray spheres denote CO molecules standing0.20 A. The accuracy in the position of the carbon atom is
perpendicular to the surface. Next to each structure are given theather low, but that for the oxygen atom is much better. This
adsorption sites for the K atom and the two CO molecules in addican result from the shadowed position of the rather weak
tion to the optimized PendriR-factor values. scatterer of the carbon atom in the midst of other

Top+fcc&hecp
R=0.285
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of a (2x2)-K overlayer with coverage ranging from 0.18 to
0.31 at room temperature. The best quality LEED pattern
was obtained with the optimum coverage @ 0.25. The
desorption spectrum of the §2)-K overlayer was very
broad and lacked a well-defined maximum typical for clean
alkali metal on a transition metal surfateThe (2x2)-K
structure has been analyzed with dynamical LEED technique
and the results indicate K adsorption on the on-top*éite.
When the (2 2)-K surface was exposed to CO, the sym-
metry of the LEED pattern remained the same, indicating a
formation of (2x2)-(K+2CO) structure. In the TD spectra
of the coadsorption phasethe K desorption took place in
two distinct stages, around 430 and 570 K, and the CO de-
sorption peak was shifted from 380 K seen in/3(
X \/3)R30°-CO to 570 K. The CO desorption was taking
place simultaneously with the potassium desorption. The
Monte Carlo simulation indicated an attractive interaction
between K and CO and a repulsion between the neighboring
K atoms® With LEIS, the outmost surface layer was found to
be composed of K and O atoms, indicating that those atoms
were almost at the same elevation on the surface. These stud-
ies are now completed by the full structural analysis of the
(2% 2)-(K+2CO) surface.
FIG. 3. Top view(upper panel and side view cut along the A summary Qf the structural pa_ramet_ers of dieall atom.
(1120) surface(lower panel of the (2x 2)-(K+2CO0) structure on during adsorpt|(_)n f?md qoadsorptlon with CQ on transition-
metal surfaces is given in Table Il. The Alkali atoms adsorb

the Cq000 face. The whit h denote th t t C . -
e Cd0001 surface. The white spheres denote the outermos rogn the on-top site of the close-packed transition-metal sur-

| 2.14%0.03

A
2.035
Y

atoms and the light gray spheres the Co atoms below the surfaceg.

The large black spheres are the K atoms and the small black a ce in the case of (22)-K structures on, eg. @@00Y)

gray spheres are carbon and oxygen atoms, respectively. The len ef. 12 and N(éLBll) (Refs. 26,27, as well asin the case Of_

unitis 1 A. Cs on R(0001.” In the case of coadsorption of an alkali

metal and CO, our results are in line with the other two

o . known structures where the alkali atom resides at the on-top

scatterers. The results also indicate huge buckling of 0.2¢-16.17 yowever. in the system where the original adsorp-

+0.03 A in the top most Co layer, where the Co atomyjqn, site for the alkali metal is not the on-top site on a closed

below K is pushed towards the bulk with respect to the thre%acked surface, such as thex2)-K on P{111),2° a recent

other surface atoms in the unit cell. The first Co-Co layergirctural analysis indicated that the alkali atom in this case
distance is 2.140.03 A and, thus, relaxed outwards from also remains in its original adsorption site in the

the bulk value of 2.035 A. The final value of the Pendy coadsorptior®

factor is 0.273. _ _ The size of the alkali atom increases due to the coadsorp-
The Debye temperatures of the adsorbed layer in the fing|op, i all the cases given in Table II. The increase is larger

ana:)lysis W%rizgti&nifzed to 215 'frgor potassium, |425 '? r?rwith potassium than with cesium probably because of the
carbon, an or oxygen. The optimum value of t eIarger initial size of the Cs atom. On Co(1@), the change

Tréeresotennal is 7.4 eV with an imaginary part value of in the K radius is huge compared to the close-packed sur-
' faces and clearly due to the fourfold coordination of the K
atom, resulting in a large change in the bond length with a
V. DISCUSSION small increase in the elevation. The increase in the alkali-
metal radius in coadsorption is against the conventional in-
Based on our earlier measurements of the K and CO aderpretation, where the alkali metal acts as an electron donor
sorption and coadsorption, we know the followir@€O mol-  during CO adsorption and is expected to increase its degree
ecules adsorlon the C¢0002) surface molecularly and form  of jonization and thus move closer to the surface. Both the
three different surface structures depending on the coveraggharge transfer from the alkali atom to the CO molecule,
and temperature, the most stable of which is thé8 ( seen in the density functional theory calculatidhsnd the
X \/3)R30°-CO seen below 330 K. The desorption from thisincrease in the AM radius should increase the dipole moment
phase takes place around 390:¥**The positions of the of the AM-surface complex and give rise to a decrease in the
atoms on the surface have been analyzed with dynamicabork function. Because the charge from AM is not left to the
LEED technique and the results indicate CO adsorption osubstrate but to the CO molecule, the dipole moment of the
the on-top sité® O-C-surface complex compensates the proposed decrease in
Adsorption of potassiuron Cd000J) led to the formation the work function, and experimentally, the work function
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TABLE Il. Structural parameters of the alkali atom for the alkali adsorption and coadsorption with CO on
transition metal surfaces. AM4indicates the distance between the alkali atom and the nearest substrate atom.
A negative value for the buckling means moving the substrate atom towards the bulk. Estimated errors are

given in brackets in hundredths of A . In the case of Co?(]p]lhe buckling is in the second Co layer.

AM-s  AM radius Buckling

Substrate Structure AM site  (A) A) A) Method Ref.
Co(0001) (2x2)-K top  2.9311) 1.68  —0.16(3) LEED 12
Co(000)) (2x2)-(K+2CO) top  3.145) 189  —0.27(3) LEED this work
Ni(111) (2%2)-K top  2.824) 157  —0.12(2) LEED 26
Ni(111) (2x2)-K top 2.813) 1.62 —-0.01 PED 27
Ni(111) (2% 2)-(K+2CO) top  3.0%) 1.77 PED 16
PL(111) (2x2)-K hcp  3.124) 1.74  —0.07(2) LEED 29
Pt(111) (V3% \B)R30°(K+CO) hcp  3.286) 1.9 n/a LEED 30
Ru(0001) (2%2)-Cs top  3.289) 1.9 —-0.10(4) LEED 28
Ru(0001) (2% 2)(Cs+2CO) top  3.354) 2.0 ~-0.19(4) LEED 17
Co(10D) c(2x2)-K fourfold  3.125) 1.87 =01 LEED 45
Co(10D) c(2% 2)-(K+CO) fourfold 3.5¥11) 226  —0.05(9) LEED 15

actually increases due to coadsorption, as seen withGT3  ¢(4Xx2)-2CO structure, the fcc and hcp sites are already
on RU0001).% According to Over, the increased AM- occupied without the alkali metdf:*° The change in the ad-
substrate distance is due to the electrostatic attraction b&orption site originates from the increased back donation
tween the charge densities of CO and the alkali métal.  from metal to CO due to the alkali adsorptifhat the three-
The buckling of the first layer increases due to CO coadfold hollow site the charge transfer from the metal to the
sorption as compared to K adsorption, both on Co and Rg * orpital of CO is maximized, making this site favorable
close-packed surfaces, and the well the alkali atom is creagy, co. A summary of the structural parameters during CO

ing is rather deep. The second layer spacing of the Co subyysorption and coadsorption with alkali atoms on transition-
strate, calculated from the three Co atom is 0.08 A longef,ctal surfaces is given in Table Il.

than that for the clean surface, and 0.09 A longer than in the The length of the carbon-substrate bond was found to in-
case of K adsorption. Together with the increased buckling. oase by 0.2 A with the change in the adsorption site during
in the first Co layer, this leads to the same distance of 1.85 oadsorption on G600J). This increase is in line with the
between the downwards shifted Co atom and the seconghservations made in other coadsorption systems, and on
layer atoms. Thus, it seems that the increased buckling caQi(111) (Refs. 16,3 the same values have been measured.
be understood as moving the first layer towards the vacuum. e girection of the first layer buckling is outwards in the

The third layer spacing coincides with the clean surfacgaqe of CO adsorption on closed-packed surfitésit in-
value. _ o wards in the case of alkali adsorption as shown in Table L.
The CO moleculeoccupies the on-top site in they8  The increased rumpling due to coadsorption can be due to
X \[3)R30°-CO structure on @6001,"* Ru0001,***  the charge transfer to the CO molecule resulting in stronger
Rh(111),% and Cy111).%® Other adsorption sites with the ponding of the molecule to the surface and decreased Co-Co
(1/3x /3)R30°-CO structure include bridge sites on(Nil) interaction in the top substrate layers.
(Ref. 37 and fcc sites on RA11).%** From these structures,  Calculating the electrostatic interaction between point
the coadsorption of CO with AM has previously been studiedcharges located at the adsorption sites for K, C, and O atoms
only on the R¢0001),"" Ni(111),'® and P(111) (Ref. 30  on the surface, and summing over several neighboring
surfaces. The on-top adsorption site of CO, seen wifR ( points, their image charges, and a charged surface layer en-
X \/3)R30° structure ford=%, changes on R0001) and  suring charge balance, a potential energy-& eV for both
Ni(111) to the fcc and hcp sites of the ¥2) structure with CO and K, was obtained when the charges were e,
6=1 or to the hcp sites of the\@x /3)R30°-K+CO struc- —1.5 e, and 0.74 e for K, C, and O atoms, respectively.
ture on Pg111). The CO molecules seem to give their place This calculation is, of course, an oversimplification of the
to the much larger AM atoms. The change in the CO adsorpinteractions on the surface, because no structure in the charge
tion site on the Ni111) surface from the bridge to the three- distribution within an atom has been taken into account.
fold hollow sites stem from the occupation of K atoms at theHowever, the values for the atomic charges are reasonable,
on-top site, leaving no symmetrical bridge sites for the COand the value of the potential energy relates well to the mea-
molecules. It should also be noted that on(INil) in the  sured simultaneous desorption around 550 K seen from the
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TABLE Ill. Structural parameters of the CO molecule for CO adsorption and coadsorption with alkali atoms on transition metal surfaces.
C-s indicates the bond length between the carbon atom and the substrate atom. A positive value for the buckling means moving the substrate
atom outwards. Estimated errors are given in brackets in hundredths of A .

C-s C-0 AM-O Buckling

Substrate Structure CO site A) A) A) A) Method Ref.
Co(0007) (3% \/3)R30°-CO top 1.786) 1.176) 0.044) LEED 13
Co(0001) (2% 2)-(K+2C0O) fcc, hep 1.94/1.99  1.20/1.24 291 -0.27(3) LEED this work
Ni(112) (/3% /3)R30°-CO bridge 1.785) 1.13 PED 37
Ni(112) c(4x2)-2CO fcc, hep 1.95/1.92  1.22/1.18 PED 16
Ni(112) (2x2)-(K+2C0O) fcc, hep 1.925) 1.207) 2.92 PED 16
Pt(111) (3% /3)R30°-CO top 1.911) ARPEFS 36
Pt(111) c(4x2)-2CO top, br. 1.84.0) 1.155) LEED 46
Pt(111) (V3% \3)R30°(K+CO)  hcp 2.086) 1.26(6) 2.87 n/a LEED 30
Ru(0001) (3% /3)R30°-CO top 1.934) 1.105) 0.0743) LEED 34
Ru(0001) (2% 2)-(Cst+2CO) fcc, hep 2.184) 1.105) 3.16 -0.194) LEED 17
Co(1010) p(2x1)-CO top RAIRS 41
Co(1010)  ¢(2X2)-(K+CO) bridge 1.90 1.2() 2.87 LEED 15

(2% 2)-(K+2CO) structure. The mutual stabilization of CO  The promotion effect of K in CO hydrogenation on Co
and alkali metal has been observed with the other systems @§d Ni surfaces can be partially explained as an increased
well, and explained by the electrostatic interaction betweerpond length of the CO molecule. On clean metals, the selec-
AM "% and CO € ions 18 tivity towards methane is higher on Ni than on Co, and K
) deposition on the surface produces a more pronounced effect

Unfortunately, there is no structural study of CO adsorp onpNi. on oban C(:DOO]),pthe A IeFr)lgth s longor
than on N{111), but after K addition almost equal bond
lengths have been measured.

tion on Co(10D). Reflection-absorption infrared spectros-
copy, however, indicated top-site adsorption fof2x1)

structure with coverag@<0.5 based on the CO stretch of
1994 cm!,* although assignment of the adsorption site VI. CONCLUSIONS

based on vibrational data is uncertain, especially at higher ) L
In this paper we have presented a quantitative structural

coverage™*?43The adsorption site thus changes from the .
assumed on-top site to the center of gravity of the K atomsanalys's.‘ of the (X 2)-(K+2CO) structure on qe00) sur-
face using low-energy electron diffraction together with dy-

ggligr?bgriigogt(?rg?cg?oj\;teTgspsl?rZ?gh tﬁ/egfei;o(\ﬁa{ﬁes ?gnamical LEED calculations. The potassium atom adsorbs on

molecule in the c(X2)-(K+CO) structure shifts to I)hoen:jofeilt?hai?]ggzstgg gas(()a ;vghtéhaﬁ%)b}ésgucture. The
1732 cm'!, which is lower than the value expected for g y o ' '

. . The CO molecules are shifted from the top sites of the
brid threefold dinated CO I face. How-,
riage or nreetold coordinate on clean suriace. How /3% V3)R30°-CO structure to the threefold hollow fcc and

ever, the authors were expecting an even more pronounc . o ) )
decrease in the stretch frequency due to the short range cp sites. The molecular axis is .St'" perpendicular to the
surface with the carbon atom bonding to the three Co atoms.

tractive interaction between K and‘®.
The optimum C-O bond length increases from the valueThe CO bond lengths are 1.2@.11 A and 1.240.19 A,

of 1.17+0.06 A seen with CO onl§ to 1.20+0.11 A and and the Co-C distances 1.94 and 1.99 A for the CO mol-
1.24+0.19 A for the fcc or hep sites and they are cIearIyeCUleS at the fcc and hcp sites, respectively. The first Co

distance undergoes huge buckling where the Co atom
longer than the gas phase value of 1.13 A. Because the err!j"}yer
margins in the C-O bond lengths are quite large, the hcp an ndemeath the K atom are pushed @:2703 A towards the

fcc sites can be regarded similarly on(0801). The general ulk.
effect due to AM coadsorption is an increase in the CO bond
length as seen in Table Ill. This can be taken to indicate the
tendency of AM to enhance the dissociation CO on This work was supported by the Academy of Finland and
transition-metal surfaces. the Neste Foundations.
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