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Abstract

The atomic positions of the Rh(111)+(V3x/3)R30° CO and co,
surfaces are analyzed by dynamical LEED. The Rh(111)+(y/3x/3)R30° co
and C0, systems produce identical I-V curves, confirming the dissocia-
tion of C0, to CO on this surface. The adsorbed CO is found to stand
perpendicular to the surface with the carbon. end down at an atop site
(that is, terminally bonded). The CO overlayer spacings are d,, .=

RhC

[}
1.95+ 0.1 A and d =1.07ip.13. This geometry yields a Zanazzi-Jona

co
R-factor of 0.40 and a Pendry R-factor of 0.50.

This manuscript was printed from originals provided by the authors.






Introduction

There have been only a few low energy electron diffraction (LEED)
intensity analyses carried out to determine the structure of molecules
adsorbed on metal surfaces; most surface crystallography studies concentrated
on the structure of adsorbed atoms on low Miller index, transition metal
faces. The few molecular adsorption systems already investigated by

1 1c,1d 2

dynamical LEED are CO on Ni(100)", Cu(100) and Pd(100)"~ as well as

C,H, and CoH, on Pt(]]]).3 We report a similar study on the Rh(111)=
(/3x/3)R30° €O and €0, systems.

CO adsorption on Rh(111) has already been studied by a variety
of complementary techniques. Gkant and Haas,4 using LEED and Auger
electron spectroscopy (AES) were the first to investigate CO and CO2 adsorbed
on Rh(111); they saw a (2x2) LEED patterh for CO and a 'split' (2x2) for €O, .
Castner gj;gl,s observed a series of LEED patterns to appear with increasing
CO coverage. The progression is a (/3x/3)R30° at 6=1/3, a split (2x2) at 1/3
< 843/4, and a (2x2) pattern.at 6=3/4.. The patterns were interpreted as a
continuous compression of a hexagonal overlayer of CO molecules in the
coverage range 1/3<8<3/4. The order-order transition -from the split (2x2)
structure was noted to be reversible with coveragea"d”temperature, and
thermal desorption spectra (TDS) showed first-order deserption kinetics
with(nﬂgy?eco peak detectable. C02, although requiring a 5-10-fold
higher gas exposure, has an identical progression of LEED patterns axg
identical thermal desorption spectra as CO, suggesting dissociative chemi-

sorption into an oxygen atom and a CO molecule. The fate of this oxygen

atom was not further investigated.



Strong evidence that the oxygen atom, derived from dissociated
COZ’ dissolves into the rhodium lattice was found by Thiel 93_91,6 At
least 40% of the saturation coverage of O2 on Rh(111) must be present
before any 0, desorption with increasing temperature can be measured;
the Targe fraction of adsorbed oxygen that does not desorb dissolves into
the crystal. They also saw a residual oxygen peak in the Auger electron
spectrum after a high temperature crystal heating of the Rh(111)+(2x2) 0
structure, indicating roughlya 1 atom% concentration near the surface; this
residual oxygen peak had a very different line shape from chemisorbed oxygen,
and the peak could not be reduced by extended heat treatments er HZ/CO

7 detected a Tow coverage

adsorptions. More recently, Thiel and coworkers
(6=1/4) (2x2) LEED pattern for CO adsorbed on Rh(111).

Dubois and Somorjai,8 using high resolution electron energy loss
spectroscopy (HREELS) in combination with LEED coné]ude that CO and CO2
adsorb only at top sites ("terminal bonding") with the carbon end down at
8=1/3, begin populating the bridge-bonded positions in the 1/3<8<3/4
coverage range, and finally occupy about twice as many top as bwidge.w.m
sites at the saturation coverage of 8=3/4. The order-order transition of
the (v3x/3)R30° to the split (2x2) pattern was shown also to be

In addition,
reversible. /they studied CO chemisorption on pretreated Rh(111). Ho
pre~ or poSt-adsorption at room temperature had no noticeable effect on
the vibrational or thermal desorption spectra; while 02 and carbon pre-
adsorption blocked possible CO adsorption sites as well as weakening the
metal-CO bond and strengthening the CO bond. Interestingly, the 02 pre-

treated surface inhibited the bridge-bonded species from appearing while

the carbon pretreated surface inhibited the atop species. Further evidence



for the dissociation of chemisorbed CO2 on Rh(111) came from the observation
that the adsorbed CO and CO2 vibrational 1oss spectra were 1dentica].

We report here a full dynamical LEED analysis with reliability
factors for the Rh(111)+(/3x/3)R30° CO and €O, surfaces. The I-V curves for
CO and 002 adsorption are found to be identical, giving further evidence
that CO, dissociates into CO on the Rh(111) surface. Our determination of

2
the (V3xv3) R30° COstructure provides a necessary check on the proposed
and its adsorption sites on fcc(111) metals
correlation between adsorbed CO vibrational frequencied; it also yields a
calibration of the vibrational loss spectroscopies, which makes their pre-
dictions at different coverages, in different ordering states, and on

different substrate faces more reliable.

Experimental

The rhodium crysta1 of >99;9% purity was cut to within 1/2° of
the (111) plane and mechanically polished to a ~luym diamond paste. The
crystal was mounted on rhodium foil that in turn was attached to a Varian
manipulator; the "flip" mechanism available was modified to allow an
azimuthal rotation of about 90°. Before the manipulator was inserted into
the UHV chamber, the crystal surface normal and the azimuthal rotation axis
were made parallel to within 1/2° by laser refiection. The vacuum system
is equipped with four-grid LEED/Auger optics, glancing incidence Auger
electron gun, and a mass spectrometer head; the base pressure remained at
m1x10'9 Torr during the experiments with the major background gases being

H2 and CO.

The crystal orientation (8=0° and 6#0°, §=0°) was determined by



checking for the degeneracy of beam I-V profiles; an engraved scale on

the manipulator head would allow an accurate (within 0.1°) displacement of
the polar angle (8) from normal incidence (0=0°). With the LEED beam at
normal incidence, a 6-fold degeneracy should exist for the (1/3,1/3) beams
because of the mirrorlane and rotational symmetry of the (v3x/3)R30° CO,
CO, unit cell on the Rh(111) surface. (Even if the basis of the (v3x/3)R30°
unit cell had a Tower symmetry, equivalent domains would regenerate the full
symmetry in the diffraction pattern.) The ( 2/3, -1/3), (-1/3, -1/3), and
(1/3,-2/3) beam profiles are indeed nearly degenerate at the assigned 6=0°
orientation (Figure 1). Similarly at 6#0°, ¢=0° (that is, when the pro-
jection of the incident LEED beam on the crystal face is parallel to the
[112] direction), there should be a mirror symmetry about the plane
containing the surface normal and this [112] direction. Figure 2 shows that
this symmetry is nearly rea]iied in the experiment.

The I-V curves were collected using the photographic method
previously descm’_bed.9 The Nikon F camera was adjusted to an aperture of
f1.8 and a shutter time of 1/2 sec; a high speed Kodak film (pan film 2484)
was used. Four independent beam profiles, ranging from 44-224 eV were ob-
tained for the clean Rh(111) surface at 8=0°; these curves are 1denticé] to

]OThe analysis Of these experimental

clean Rh(111) I-V curves will be published e]sewhere.]1 A total of 27

fhose published previously by others.

independent profiles, ranging from 24-144 eV, were obtained for the Rh(111)+
(/§XJ§5R30° co, CO2 sysﬁsg;ztoghree different incidence angles (8=0°; 8=10°,
$=0°; and 8=20°, $=0°); , these CO I-V curves are plotted in the Appendix.
The I-V profiles for the CO overlayer were reproducgd in a second independent

experiment. These curves were also reproduced by the RHTT11)f(/3x/3)R30° €0,



system (Figure 3). This not only supports the expectation that 002
dissociates into CO on this surface, as discussed in the Introduction, but
provides an independent check on the I-V curves for adsorbed CO.

The experience gained in the analysis of Ni(100)+c(2x2)C0O by

la 1b-f

Andersson and Pendry ~ and by other authors led us to take special pre-
cautions in this work. Three difficulties were encountered in the CO/Ni
analysis. First, the ordering of CO on Ni(100) is very sensitive to
surface perfection and cleanliness. Second, there was a considerable de-
crease of intensity (30% for the (1/2,1/2) beam) in the extra diffraction
spots during the time needed to collect the I-V curves with a telephotometer.
Third, the €(2x2) pattern nucleates (island formation) quickly. The extra
diffraction spots would reach near maximum intensity far before the optimal
coverage of 6=1/2. 1In light of this Ni(100)+c(2x2) CO work, we paid particular
attention to the surface cleanliness of the Rh(111) crystal, the LEED beam
induced damage of the CO overlayer, and?gitimal exposure values for the
(V3xv/3)R30° structure.

An Auger electron spectrum of the crystal after only a few cleaning
cycTes showed substantial sulfur and boron as well as smaller chlorine and
carbon peaks (Figure 4a). Boron (a 17 ppm bulk impurity) proved most
troublesome to remove; only after weeks of continuous e bombardments
(1-3 amps, 1.2 kV) with five minute annealing at 800°C and 0, treatments
(flowing 5x10;7Torr 02, 700°C) was it largely depleted from the near
surface region. Auger electron spectra taken during-:the CO and 002 ad-
sorptiors still revealed small contaminant peaks (S, B, C, C1 (See Fig.4b));

even months after this study was completed, with many additional cleaning

cycles done, the amount of surface impurities had not been further reduced.



It should be noted that the residual probably subsurface oxygen seen by
Thiel g;_gl,G after O2 treatments, is just below the detectability Timit
of our retarded-field Auger electron spectra; the expected residual oxygen
peak (0515/Rh256 ~ 1.5%) is comparable with the noise level near 515 eV in
our spectra (see Fig.4b,4c). It should be noted that although a substantial
carbon peak is measured no oxygen peak is detected in the Auger electron
spectra of the Rh(111)+(V3x/3)R30° CO surface (Fig.4c); the expected
05]5/Rh256 rafio is roughly 10%--a value significantly above the observed
noise level of about 2-3%. This ratio is estimated from the Rh and oxygen
peak height ratio measured for the Rh(111)+(2x1)-0 structure with coverage
9=1/2.12 We believe that this discrepancy is due to the incident Auger
electron beam (2.2KeV, ~20uamps) induced fragmentation of the adsorbed CO
and subsequent dissolution of the atomic oxygen. In fact, the higher
coverage Rh(111)+(2x2) CO (6=3/4) presently under study shows the same
effect even more dramatically.

The LEED beam would first slightly improvethe ordering of the
overlayer structure; then an exponential decay . with electron exposure
would start in the extra diffraction spots. Figure 5 shows this decay for
the (1/3,1/3) beam intensity. There seems to be-two distinct decay rates
at different electron exposures, although. this was not further investi-
gated. In Tight of this, the electron beam damage was minimized by moving

1b,1c thus

the electron beam across the crystal during photography
limiting the electron exposure of any given region of the surface to about
40 pamp-secs  As a result, the LEED spots would actually increase some-
what in intensity (55-10%), thus indicating that with this exposure the

exponential decay was not sufficient to offset the initial improvement in

the ordering.



A further check on our data is provided by the absence of
detectable discontinuities in the I-V profiles at the energies where the electron
beam was moved to a different region of the surface. In addition, the inde-
pendent experiments to check for reproducibility had staggered energy intervals
to insure that no false peaks would arise at the joining energies.

The gas exposure could not be accufate]y measured with the needle
doser ysed, but a constant CO pressure burst would repeatedly produce a
sharp , intense LEED pattern with low background. Thiel gj;gl,7 found that
the (1/3,1/3) beam intensity falls to half-maximum with a 15-20% over- or
underexposure of CO, showing that the coverage can be fairly accurately deter-
mined by just checking the quality of fhe resulting LEED pattern. In addition,
the CO2 gas exposure was about 10-fold larger than the (0, but still produced
identical I-V curves. If our overlayer coverage had been poorly controlled
and if the I-V profiles were sensitive to CO coverage, we would not expect the
€O and CO2 beam profiles obtained in different gas exposure regimes to be
identical. It should be mentioned that small amounts of Hy and ambient CO
were adsorbed on the crystal during liquid nitrogen cooling to -30°C (~10 minutes)
prior to CO or CO2 exposure. Then, after adsorption of CO or C02, a crystal

heating to 10-25°C would desorb H2 and considerably sharpen the LEED spots.

3. LEED Theory

We apply established dynamical LEED formaligm- in our theoretical
analysis of/ I-V curves.]3 In particular, renormalized forward scattering is
used between individual atomic layers, which include separate carbon and oxygen
layers. The rhodium atoms are fepresented by a band structure muffin-tin

14 10a,b

potential, which has been used successfully in other work on Rh(111).
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For the C and 0 atoms Xq muffin-tin potentials calculated for a NiCO cluster

have been chosen as these produced good LEED results on a nickel substrate!e

We also tried the C and 0 atomic potentials used in other CO/Ni work with

LEED'P

but found no material improvement in our results. The muffin-tin
zero was initially set at -10 eV with respect to the vacuum level and then
adjusted to -8 eV to best fit the clean Rh(111) I-V curves as described else-
where.]1 This value is not further changed in the presence of the CO layer,

) Furthermore,
since the work function change is negligible. /the CO layer is given the same

muffin-tin zero as the substrate, since a change was tested for CO on N1'(100)]5
2
and on Pd(100) but proved to have 1ittle effect at the energies under consid-

eration. An imaginary part of the potential proportional to E]/3

was chosen
by observation of the peak widths in the experimental I-V curves. Rhodium
thermal vibration amplitudes were increased by a factor of 1.4 relative to the
bulk value for Rh, while the adatoms were given double the bulk rhodium
vibration amplitudes. Variation of these amplitudes had a negligible effect
on the structural determination.

Theory and experiment are compared through a set of R-factors
and thefr average. These arg]

ROS = fraction of energy range with slopes of opposite signs

in the experimental and theoretical I-V curves; (1)
R1 = 0.75 I|Ie-cIt|d[{/!|1e|dE; (2)
2 2 _
= I - S .
R2 = 0.5 (Ie CIt) dE/ Ie dE; (3)

RRZJ = 0.5 /f|1."-c1,"| |1, ~cI, '] /(] 1 max| 1,'|)dE/

(0.027f|IéldE); (4)

RE = 0.5 10, v,) /0 (v, 20, D), By A2l (s)

01



Here c=f|Ie|dE/f|It|dE; the apostrophe designates differentiation with respect

16

to the energy. RRZJ is the reduced Zanazzi-Jona R-factor, = while RPE is

17 both renormalized with a factor 0.5 to match the scale of

Pendry's R-factor,
the other R-factors.

While the final R-factor value for a given surface structure is
obtained by averaging overall available beams with weights proportional to each
beam's energy range, we also exp]oit'in the structural search the differences
between R-factors for different beams. This is because different beams should
simultaneously =~ show minima when the correct surface structure is used, while
with incorrect geometries it would be improbable to obtain this coincidence of
minima. The justification for this is described in Ref.11. In short, in the
kinematic limit each beam is sensitive to the projection of the atomic positions
onto the direction of the parficu]ar momentum transfer vector corresponding
to that beam. Therefore, it would be unlikely, even after multiple
scattering is allowed for, that a particular incorrect surface geometry could
have correct projections onto every available momentum transfer direction
and produce R-factor minima in each beam.

Finally, the experimental curves were smoothed twice with a single
three point smoothing formula. Both theory and experiment were also multiplied
by an exponential function to give the high energy intensities weights equal to

the low energy intensities and thus compensate for the intensity reduction due

to thermal vibrations and- the scattering amplitudes.

4. Results and Discussion

The clean Rh(111) surface was confirmed to have the ideal bulk

structure, as described e]sewhere,H with a Zanazzi-Jdona R-factor value
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(2xRRZJ) of 0.14 and a Pendry R-factor value (2xRPE) of 0.20. For the Rh(111)+
(V3xV3)R30° CO structural determiﬁation; four adsorption sites were analyzed
which may be Tabelled aaABC...(top site), bbABC...(hcp hollow site), ccABC...
(fcc hollow site), and ddABC...(bridge site). The CO molecule was kept per-
pendicular to the surface. The hollow sites were easily ruled out by com-
parison of normal incidence I-V curQes. Beam dependent R-factors for the top
and bridge sites are plotted in Fig.6 in the case of the 8=10° incidence
direction. Vapjations in both the Rh-C and the C-0 distances are included.
It is easy to spot in Fig.& that coincidence of beam R-factor minima does not
occur for any reasonable geometry of the bridge site; whereas coincidence is
easily recognized for the top site with interlayer spacings of dRthJ}Q R
and dcogﬂ.l A. This geometry is illustrated in Fig.3.

More precise values for the interlayer apacings can be obtained
as described in Ref.18. Consider the two-dimensional space of the variables

d and d.,. For each dRhC the value of dCO giving the SMallest average

RhC co
R-factor is plotted; thereby a line of minima is produced. Similarly, for

each d.. the value of d giving the smallest average R-factor is plotted,

co RhC
producing a second Tine of minima. These two lines interesect in the desired
overall minimum. If the average R-factor near this minimum is taken to have

a quadratic dependence on dRhC and dCO’ the two lines in question are straight
and a graphical determination of the position of the minimum is straight-
forward, while points on the straight lines are easily determined by parabolic
interpolations. In this fashion, the 6=0° data produce a minimum average
R-factor (using ROS, R1, R2, RRZJ, and RPE ) near (dp, . dCO)=(é.o1, 1.02) A,
while the 8=10° and 8=20° data produce minima at (1.945, 1.075) A and (1.945,

1.085) R, respectively. Averaging with weights proportional to the amount of
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data at each angle of incidence produces values of dRhC=1.95j_0.1 R, and

d.»=1.07+0.1 R, where the conventional uncertainty of LEED analyses is quoted.

co
We visually interpolate the average R-factor values at the minimum to 0.25 at
8=0°, 0.20 at ©=10°, and 0.26 at ©=20°, averaging out at about 0.23. The
corresponding Zanazzi-Jona R-factor is about 0.40 for this structure; the
Pendry R-factor 18 about 0.50 which is to be compared with about 0.50

and 0.40 for CO on Ni and Cu(100).19

Representative I-V curves are shown in
Fig.8.

It is interesting that the best-Zanazzi—Jona R-factor for the
bridge site is only slightly larger than that for the top site (about 0.42 to
0.40); whereas the other R-factors clearly favor the top site (on the average
by about 0.30 to 0.23). Thus a conventional analysis using just the Zanazzi-
Jona R-factor would not be considered decisive. This is a strong argument in
favor of (1) using more than one R-factor, and (2) using the coincidence of
beam R-factor minima for distinguishing between two local minima in the average
R-factor.

An additional structural feature that was tested is the topmost
Rh-Rh interlayer spacing, which was found to be indistinguishable from the
clean surface case, i.e. essentially bulk-like. -
and d., a

RhC co
feature already noted by Andersson and Pend\r'y]d for CO on Ni(100); an

We observe in the R-factor dependence on d

R-factor contour plot arougiighe minimum can have an elongated elliptical
shape with a major-to-minor/ ratio of up to ~4:1. This elongation implies
an uncertainty in the carbon position, but not in the oxygen postion, as can
also be seen by the constancy of the optimum Rh-0 distances found at our

three incidence directions (3.03, 3.02, and 3.03 A at 0=0, 10, and 20°
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respectively), while the C position varies by 0.07 A. The idea of shadowing
overlying 0

of the C atoms by the / atoms put forward by Andersson and Pendry may be

correct; however, our data sample shows more momentum transfer space

farther away from the surface normal than theirs and should, therefore, be

less susceptible to such shadowing.

The uncertainty in the carbon position may explain the slight
discrepancy between our result (dRhC=1.95 A, and dc0=1.07 R) and known Rh-C
and C-0 bond lengths in rhodium carbonyls, which range from 1.82 to 1.91 A, and
from 1.09 to 1.17 R, respectively, according to a tabulation for terminal

19 In those clusters the Rh-0

bonding in 10 different such carbonyl cluster.
distance ranges from 2.96 to 3.04 A. Thus our determination puts the C atom
somewhat far from the metal, but not the 0 atom.

The slightly too small C-0 interlayer distance may also be
exp]ained1a as due to the molecular axis bending away from the surface normal.
However, it is difficult to understand an overestimated Rh-C distance with an
argument of this kind.

The discrepancy in the case of CO on Rh(111) might also be
ascribed to beam damage, as it was for the first CO/Ni(100) analysis. There
a rather smaller CO interlayer spacing of 0.95 A was obtained. However, we
have taken special precautions in this respect, as described in Section 2.
Inaddition, the CO/Pd(100) system suffered at least as much beam damage as
the present one (as witnessed by clearly observable discontinuities between
segments of I-V curves measured at different spots on the Pd sample), but
produced very reasonable bond lengths, in particular 1.15 A for the C-0
distance. Furthermore, that study did not use beams emerging at large polar

angles. Thus it is not at all clear where the uncertainty in our carbon
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position comes from and whether it can be correlated with beam damage or

with a lack of large polar-angle data.

Clearly the level of agreement that we obtain between theory and
experiment is not of the best quality, but according to the Pendry R-factor
it is essentially the same as Andersson and Pendry ultimately reached with
CO on Ni(100). Probably improvements in either theory or experiment for CO
on Rh(100) would reduce the uncertainty in the carbon position. However,
our various tests do not indicate where an improvement is required.

Qur result of top site adsorption for Rh(1]1)+(J§kV§3R30°C0
serves as a confirmation of the postu]atéd correspondence in vibrational loss
work between adsorption site and frequency range for CO adsorbed on different
metal surfaces. Our result extends this confirmation to other than the fcc(100)
substrate face, for which it was established with CO on Ni, Cu, and Pd(100).

A summary of these results is shown in Table I. It is seen that the CO
stretching frequency in the Rh(]]])+(J§kV§3R30° structure is closer to the fre-

molecule thnan that for CO on Ni or Cu(100).
quency range associated with a bridge-gonded CO A -Such confirmations provide
an important calibration of the vibrational loss techniques in the sense that
the knowledge of the CO adsorption site of one coverage or on one crysta]yface
can be used to determine, wfthout the help of further LEED intensity analyses,
the adsorption site (but not necessarily the bond lengths and angles) at other
coverages or in disordered states or on other substrate faces.

The identity, within experimental error, of the I-V curves
measured for CO and CO, adsorption on Rh(111) provides a strong confirmation
of the belief derived from TDS and HREELS work that CO2 decomposes to CO and
0, the CO taking the same structure as that described above for gaseous CO

adsorption. The fate of the oxygen may be speculated upon in the Tight of the
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similarity in I-V curves. One has to account for 1/3 of a monolayer of oxygen.
It is hard to imagine this oxygen settling in the immediate subsurface region
of the rhodium without affecting the I-V curves at least through a slight
change in average Rh-Rh interlayer spacings, which we have tested. If the
oxygen were interstitially located between the CO molecules on top of the
substrate, the restricted available space would produce at least some degree of
ordering of the oxygen atoms in a (/3x/3)R30° pattern and would thereby pre-
sumably affect the measured I-V curves. However, we found that the Rh(111)+
(V3x/3)R30° €O and C0, surfaces produce identical I-V profiles. Since neither
TDS nor HREELS ever detects this oxygen, it seems 1ikely that it diffuses

deep into the substrate.

Conclusion

For the Rh(T11)+(/§x/§)R30° CO system, CO was found  to be
terminally bonded perpendicular to the surface. The best fit interlayer
spacings for the CO overlayer are dRhC=1.95_i 0.1 A and dCO=1.O7jp.1 R.
The corresponding R-factors of this geometry are 0.40 for the Zanazzi-Jona
factor (2xRRZJ) and 0.50 for the Pendry factor (2xRPE); these values are
comparable with the Pendry R-factors 0.50 and 0.40 obtained for CO on Ni and

cu(100),'d

respectively.

The Cd- and COZ— derived I-V curves are identical; this gives
further evidence that the adsorbed CO2 dissociates into a CO molecule and an
oxygen atom. There is no identifiable trace of this oxygen in the I-V curves,
supporting the claim that this oxygen dissolves into the substrate.

The Zanazzi-Jona R-factor did not adequately distinguish between

the top (0.40) and the bridge (0.42) site adsorption models. However, the
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other R-factors clearly favor the top site (on the average by about 0.30 to
0.23), and the coincidence of the individual beam R-factor minima with only
the top site geometry also provided a clear discrimination among the structural
models tested.

The R-factor contours around the minimum in the dRﬁC'dCO plane
imply a Targer uncertainty in the Rh-C spacing than for the Rh-0 spacing. To
further support this observation, the Rh-0 distance obtained agrees well with
organometallic cluster compound values and is we11'rep?oduced-1nvthe different
polar-angle data, while the Rh-C distance appears slightly too large when
compared to the organometallic compounds and is not as well reproduced in
the different polar-angle data.

Our result of the top site adsorption for Rh(111)~( v/3x ¥3)R30°
CO extends the postulated correlation in vibrational loss spectroscopies
between the adsorption site and the adsorbed CO vibration frequency range to

fcc(111) metal surfaces.
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Figure Captions

1. Nearly degenerate beams at assigned 8=0° orientation. (Minor dis-
crepancies pointed out by arrow head.)

2. Nearly degenerate beams at assigned #=0° orientation.

3. Identity of CO and €0, derived I-v curves.

4. Auger electron spectra.

5. (1/3,1/3) Beam intensity decay with electron exposure.

6. Plot of individual beam R«facfor minima with respect to dRhC and dCO'

7. Structure of Rh(100)+(V3xv3)R30° CO.

8. Comparison between experimental (dark) and theoretical (light) I-V

curves for (a) ©=0°, (b) 8=10°, #=0°, and (c) 6=20°, @#=0°.

Appendix
Rh(100)+(v3xv3)R30° CO I-V curves used in LEED analysis. (Those few

profiles with 1ittle structural information are now shown.)
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TABLE I

Summary of LEED and HRELS Results for CC Adsorption

>

Substrate Rh(111) 8 | pa(100) 2 Ni(1o0) 2T cuqioo) 272
Adsorption site fbridge “atop . atop 5 atop
Interlayer spacings 3deC =1.93 & ﬁdNiC =1.71 R | dCuC =1.90 R DRhC =1.95 R
LEED pattern 5(2V§XV§)R45° é c(2x2) - c(2x2) (V3xV3)R30°
Co, RhC stretching frequency 236, 42 me V ;256.5, 50.5 248, 57
Temperature 330-340 K 295 K 205 K 300 K

20

Note: proposed rule

1. < 230 meV, 3-fold hollow site

Veo

2. 230 < v.n < 248 MeV, 2-fold bridge site

co

3. Veo > 248 meV, atop site.

_I-E..
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