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Low-Energy Electron Diffraction, Auger Electron Spectroscopy, and Thermal
Desorption Studies of Chemisorbed CO and O, on the (111) and
Stepped [6(111)%(100)] Iridium Surfaces

by
#3

. * * +
« D. I. Hagen, B. E. Nieuwenhuys, G. Rovida, .and G. A. Somorjai

Materials and Molecular Research Division, Lawrence Berkeley Laboratory,
and Department of Chemistry, University of California,
Berkeley, California 94720

ABSTRACT
The adsorption of CO, Op, énd Ho0 was studied on both (111) and
[6(111)x(100)] crystal faces of iridium. The techniques used are LEED, AES,
and thermal desorption, Marked differences were found in surface structures
and heats of adsorption on these crystal facés. Oxygen is adsorbed‘in a
single bond state on the (111) face. | Oh the stepﬁed iridium surface an
additibnal béﬁding state with a higher heat of adéorption was detected which
can be attributed to oxygen adsorbed at steps. On both (111) and stepped
iridium crystal faces the adsorption of oxygen at foom temperature produced a
" (2x1) surface structﬁre. Three surface strucfures were found for CO adsorbed
on Ir(111); a_(y@&y@ﬁR 30° at an exposure of 1.5-2.5 L and a (2V/3%2/3)R 30°
at higher coverage. No indication for the ordering of adsorbed CO was found
on the Ir(s)-[6(111)x(100)] surface. No signifiéant differences in thermal
desorption spectra of CO were found on these two faces. H2Q is not adsorbed
.- ' at 300 K on either iridium crystal face. The reéétion of CO with Op was

studied on Ir(111) and the results gré discusséd.' The influence of steps wu

the adsorption behaviour of CO and Op on iridium and the correlation with the

results found previously on the same platinum crystal faces are discussed.
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Introduction

One of the most fruitful approaches to the understanding of the nature
of chemical bonding is thé systematic invéstigatiohvof how physical-chemical
properties vary for elements across the periodic table., - The correlation of
chemisorptioﬁ characteristics of gases on transition metal surfaces for this
purpose i; an important but difficult task for several reasons. The adsorption
behaviour véries markedly from crystal face to.crystal face. Ordering in the
adsorbed layer that can be detected by low-energy electron diffraction (LEED),
the degree of dissociation of fhe adsorbates on the surface, the strength of
bonding in both dissociated and undissociated states can all vary markedly
with crystallographic orientation and also with surface cleanliness. Experi-
mental techniqués,»however, are available to study ordering and bonding on
crystal surfaces as a fUnction of orientation while making sure that the
surface is clean.

We have sﬁudied the chemisorption of CO and O»o oh two types of iridium
surfaces, one with low Miller Index (111) and one with high Miller Index (775)
pr stepped [6(111)x(100)]) by a combination of techniques that include LEED,
Auger Electron Spectroscopy (AES), flash desorption and mass spectroscopy.

In a subsequent paper the chemisorption behaviour of hydrogen and various
hydrocarbons on the same two crystal faces of iridium will be reported.

Iridium is the nearest neighbor of platinum in the périodic table whose
éhemisorption charactéristics have beén investigéted in detail. It was
foundl) that the adsorption béhaViour of platinum is very sensitive to the
presence of sfeps présent'on the surfacé in large concéntrations that is
characteristic of'high Millér'Indéx'surface structures. Ordering in the

adsorbed layer was much poorer, molecules were dissociating readily and
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the heets of ddsorption eppeared to be highér on stepped platinum surfaces.,
Theories have been pro?osede) to explain the different chemical bonding at
irregularities (steps, kinks) on the surfacee of transition metals in terms
of local ehaige density redistribution and altered cryetel field splitting
at these surfaee sites. The theOry also predicted that charge density
redistribution at steps that result in the altered chemical behaviour is
limited to metals with large density of states at the Fermi level like
platinum, iridium, and most transition ﬁetals. vThis'prediction was borne
out by our chemisorption studies on (111) and stepped [6(111)x(100)] gold
surfaces.3) This metal has low density of states at the Fermi level and has
shown identical chemisorption behaviour for low Index (;11) and stepped
~ surfaces within the accﬁracy of the experiment.. |

We have thus turned our attention to the cHemisorption behaviour of
iridium low Miller Index and stepped suffaces to uncover what effect, if any,
fhesurface irregularities have on the adsorption'characteristics of this
metal, and to'Compeie them with that of platinum. We have found that the
eurface structures and bonding ere markedly different on stepped iridium
surfaces when compared to the iridium (111) crystel face as expected from
theoretical considerations as well., We have also found differences in
the ordering characteristics of iridium and pletinum surfaces of the same
structure that indicate a stronger metaléadsorbate bond and greafer'barrier

to mobility of adsorbates on the iridiﬁm<metal surface.
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Experimental

The two irid;um samplés were cut fram a single crystal of 99.99%
naominal purity from Materials Research Corporation. The main impurities
were Ru (100 ppm), W (40 ppm), Pt (30 ppm), and Fe(15 ppm), other impurities
beiné at concéntfations less than 10 ppm, Thé samﬁlés were cut within 1°
of the desired'orientation; and'théir surfaces polished and etched before
installation in'fhe vacuun chamber. The surfacé area of the edges of the
crystals that are_df random surface structure is about 10 and EO%vof the
total surface érea (~1 cm2) for thé (111) and the stepped plane, respectively.
Two sepératé LEED-Auger apparati were employedvin these studies, both
with four-grid electron optics and equipped with a gquadrupole mass spectrometer.

9

In both systems typical residual pressures of 1 X 10" 7 Torr were dbtained.
The temperafure of the samples was measured by means of thermocouples
-spot welded near the edge of the crystals. Measurements made with infrared
and optical pyrbmeters indicated‘that the differencé in temperature across
.the surface ofvfhe samples was not more than about 5%,_even during rapidly
increasing température during flash desorption.
The main surface impurity was found to be carbon that could be removed

T

by heating crystals to 500-600°C in an oxygen ambient at 5 X 10 ' Torr for
several minutes followed by flashing to 1200°C to remove surface oxygen.
Small amounts of sulfur were easily removed by a similar treatment. Following

this treatment, no surface impurity was found within the limits of sensitivity

of AES.
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A. The Clean Ir(111) and Ir-]6(111)%(100)] Surfaces

Following_cleaning; the Ir(111) surface gave the characteristic hexagonal
(1x1) LEED diffraction pattern as shown in Fig. la and the Ir(S)-[6(111)%(100)]
gave the expected pattern with the {1X1) spots split.in ﬁhe di?ection perpendicular
to the steps, as shown in Fig. 10a. The structure of the étepped surface
was found to be completely stable in vacuum to températures as high as 1200°C.

B, Interaction of CO with the Ir(111) Surface

Exposure of the clean surface at room temperature or ~50°C to CO
initially yields a diffraction pattern corresponding to the (V3%V/3)R 30°

surface structure as shown in Fig. 1b. This structdré, observed previously

vby Grant,h) is first detectable at an exposure of about 1.5 L

(1L=1 Langmuir = 10_6 Torr sec) and becomes fully developed at an exposure
of about 2.5 L. The adsorption was carried out in the pressure range of

T

5 x 10_9 to 5 X 10! Torr and there was no apparent dependence of the ordering
behaviour on co pressure. As the exposure is continued, the extra diffraction
spots became less intensévand diffuse and they are observed to split.

At higher exposures, the split diffuse spots becOmé sharper again and the new

diffraction pattern that develops indicates the formation of a.(2V§&2V§)R 30°

surface structure as shown in Fig. lc & d.This structure is observed as the
surface becomes saturated with CO for exposures >25 L. The extra diffraction
spots, characteristic of this structure, are more distinct when adsorption is

carried out at -50°C instead of 25°C. If part of the CO is desorbed from the

surface by heating the (¥3x/3)R 30° structure is again obtained. The

formation of the‘(2/§X2J§)R'3O°VstructUre is not due to an interaction of the

electron beam with the surface. However, prolonged exposure of the
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(2/3%2/3)R 30° structure to the electron beam would resuit in the spots
becoming moré di ffuse. |

The high COQérage strﬁctﬁre can be understood to arise from the
3xv3)R 30° surface structﬁre by a compression of the adsorbate layer in
the way as shown in Fig: 2; Three domains of the coincidence lattice of
this compresséd layér (shown in Fig. 2b) rotated 120° can explain the observed
(2/?%2/?73 30°‘structuré.. This is thought to be the most

15

likely model because it corresponds to a coverage of 1.0 x 10 molecules/cmg,

or 2/3 monolayer, as was found experimentally. The propoéed structure is
| 5)

similar, but more compressed than thet found by Conrad et al. at saturation

on Pd(111). _The shortest CO-CO distance is 3.1 K which is compatible with
the dimension of the adsorbed CO molecule as found on other metals.5’6)

Typical thermal desorption curves for CO on Ir(11l) are shown in Fig. 3.
These were obtained after exposing the clean surface to a given exposure of CO
by flashing the surface in vacuum. The CO partial pressure was recorded as a
function_of time.during the flash and yields the curves shown in Fig. L.

Because of the high pumping spéed of the system, the area under each curve is
proportional td the initial coverage obtained from the given exposure. The
amount of CO adsorbed that is measured in this way as a function of exposure is
shown in Fig. L. v Also included in the figu;e_are fhe.carbon Auger peak heights,
dueto adsorbed CO; as a function of exposure. _The'Auger results are normalized
to the thermal desorption results at saturation; thét is, at exposures higher
than those shownAin the plot. Also shown is the amount corresponding to a
coverage of.e = 1/3 obtained by assuming the well-developed (/3x/3)R 30°

structure (at 2.5 L) corresponds to a coverage of 1/3 or 5.2 x 1.0lh molecules/cmz.

The saturation coverage is then seen to be near to 2/3, as discussed above.
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An independent calculation of the amount adsorbed was made by estimating
the sysfem volume, CO pumping speéd;'and sample area. A value of

b7 x 101y moleéules/cm2 was then found to corréépond to an expoéure of

2,5 L, in good agreement with the valué of 5.2 X 1Olh_molecules/ém2 for a
coverage.of‘l/B. Figure 4 also shows that fhe carbon Auger peak height

is directly proportional to coverage as determined by thermal desorption
over the entire.coverage range; The heights of the Auger carbon and
oxygen peaks. due to adsorbed CO were élways found to change in an identical
manner and in préportion with the amount of adsorbate.

As seen in Figure L, the sticking probability for CO on Ir(lll).is
constant (0.6) up to an exposure of about 2.0 L where the (/3X/3)R 30°
structure is well-developed. Following the formation of this structure,
the sticking ﬁrobability decreases rapidly to 0.0k and remains almost constant
during the>formation of the (2/3%2/3)R 30° supefstructure.

As shown in Fig. 3, the thermal desorption spectra for CO consists only
of a single peak at low exposures and an additional peak at a slightly lower
temperatufe‘ét high exposures. The low temperature peak is not evident in
the flash desorption spectra that is associated with the presence of the
(V3%/3)R 30° surface structure. There is also a small high temperature
shoulder present on all the CO spectra. . This shoulder ﬁas not-observed>if
the surface was contaminated with carbon. The témperature at which the
low exposure thérmal desorﬁtioﬁ peak appears was found to décrease slightly for
increasing coverage. This is probably dué to fhe'decreasing heat of
desorption with increasing covérégé for the first ordgf CO desorption,
rather than indicativé of second order désorption kinétics. The low

exposure thermal desorption peak was also found to occur at a significantly
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lowér temperature if carbon contamination was presént on the surface.

The heat of adsorption was obtainéd'from thé reversible behaviour of
the LEED pattern corresponding to the (/3x/3)R 30° sfructure. For a
given CO préssﬁre the samplé temperature was changed until the (/3%/3)R 30°
structure was just observed; This was repeated for several different CO
pressures yielding thé results shown in Fig. 5. The least-square straight
line drawn thrqugh thé points in the figure may be considered as an isostere
at a coveragé éf about 1/3 monolayer and Whose slope‘yields the isosteric heat
of adsorption of 39%3 kcal/mole. This value is near to the 37-kcgl/mole found by
Christmann and Ertl for CO on Ir(110) face.7)

- On the Ir(lll)'surface all adsorbed CO could be removed from the

 surface by "fléshing" as evidenced by the lack of any residual carbon Auger
peak following desorption. No evidence for thermal decomposition of CO on
the Ir(111) surface was found for temperatures below 500°C. This is in
contrast to the Ir(110) surface where dissociation of CO was found'to take
place above 200°C.7) However, when the surface was held at T > SOO°C and
exposed to CO for a long time, a small carbon Avuger peak was found suggesting
dissociation. Possible contamination by reaction with small amounts of
hydrocarbons in the ambient cannot, however, be excluded. FHectron beam
induced dissociation is a potential problem with adsorbed CO. In our
study some evidence for desorption and dissociation under the electron beam
was found. Such effects were minimized by employing a defocused Auger
primary beam and reducing LEED obsérVation times.

The Auger peak shape associéted with CO adsorbed on iridium ié shown

in Fig. 6. In‘the figure it is also shown for comparison an Auger spectrum

: ~
corresponding to an Ir surface partly contaminated by amorphous carbon. As
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far as we know, similar Auger double pesks for C have not been detected

for CO adsorbed on other metal structurés; The observed double peak for

CO was observed on the stepped sﬁrface.as vell as on the (111) surface.
Since the stépped surfacé studies.and the (111) stﬁdieé were carried-out

in different expérimental systems;'the double péak'shape cannot be explained
as an experimental artifact. |

C. Interaction of CO with the Ir(S)-[6(111)x(100)] Surface

In contrast to ﬁhe (111) surface no ordered LEED structures were
observed as a consequence of CO adsorption on thevstepped surface up to
exposures of séﬁeral hundred L. Only an increased background was. observed
following adsorption, superimposed on the normal Ir(S)-[6(111)x(100)]
diffraction pattern.

Thermal deéor?tion.spectra for this surface were found to be similar
to £hat of the Ir(lli) surface (Fig. 3) with desorption maximm in the
range 240-280°C, decreasing with increasing coverage. As with Ir(111),
evidence was found for an additional low temperature peak at high covefages
but only poorly resolved.- A small high temperatufe éhoulder, superimposed
on the thermal desorption spectra from the stepped surface, was also present
as was élsé observed on fhé (111) surface.

No evidence for thermal dissociation of CO was found on the stepped
surface up to at least 500°C in agreement with ﬁhe'behaviour of the Ir(1ll)
surface, - Some dissociation of adsorbed CO was observed in the presence
.of the Auger electron béam particularly in the presence of a4 CO ambient.

.

The Auger beam alsc caused electron impact desorption of adsorbed CO.
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D. Interaction of O with the Ir(111) Surface

The adsorption of Oo on the Ir(111) surface was found to produce extra
spots in the LEED diffraction pattern superimposed on the clean Ir(111)-(1x1) -

8 to 5 X 10”7 Torr and with the

pattern; At adsorption préssures of 5% 10
sample at room'temperatureihalf—order'éxtra spots were first obsérved at an
exposure of about 10 L°, Initially thé spots were found to be elongated as
shown in Fig. Ta. This behaviour suggesﬁs that the surface layer consists
of domains of'a.(2xl) structure with disorder in the direction of the
shorter unit cell vector. At an exposure of about 30 L the spots become
round and sharp indicating the formation of an apparent (2x1) or (2x2)
structure as shbwn in Fig. Tb. No further changes are observed in the
diffraction pattern for exposures as high as 150 L. These: observations
suggest the saturation coverage for O, on Ir(111) is 0.5 monolayer
corresponding to a (2x1) structure. The séme.surface structure designated
as an Ir(111)-(2x2)-0 strucfure has been reported by Grant.h) The extra
spots.iﬁdicatiﬁe of the (2X1)-0 surface structure were found to become
diffuse on heating the surface above 100°C and to disappear. almost entirely
on heating to 200-400°C following exposure to oxygen. On recooling the
sample, following this treatment, the extra spots would reappesar. If
cooling the iridium crystal was carried-out in vacuum, the reappearance of
the diffraction pattern was slow and yielded only diffuse spots. Cooling

7

in an Op ambient (5 x 10 ' Torr) the diffraction pattern appeared more
rapidly with the final formation of sharp spots as observed prior to heating.
Thermal desorption spectra for O, adsorbed on Ir(111), obtained in an

analogous fashion to adsorbed CO on Ir(111), are shown in Fig. 8. As seen

in the figure, only a single broad peak is present. The temperature of the
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peak is found to decrease strongly over a range of 620—850°C with increasing
coverage, suggesting second order desorptlon klnetlcs.

The amount of Op adsorbed at room temperature on a'clean Ir{111) surfsce
as a function'of exposure derived from thermal desorpnion is shown in Fig. 9.
Also included in Fig. 9 are the'oxygen'Auger peak heights as a funection of

exposure. An adsorption pressure of 1077

Torr was employed to obtain the
thermal desorption data in Fig. 9 and a pressure of 5 X 10—8 Torr was used to
obtain the Auger spectrum. The adsorption of 05 on Ir{111), as well as CO
on Ir(111), depends only on exposure in the pressure range 10—8 to 10"6 Torr.
As seen in Fig. 9, saturation is reached at an exposure of about 30 L.
Assnming a saturstion coverage of 0.5 monolayer,.and the dissociation of
okygen mo;ecuies on adsorpfion, an initial sticking*prObability of 0.05 is
deduced.. Both the desorption temperature and theISticking-probability found
in this work forochemisorbed oxygen on Ir(111) surface are in sgreement with
the f1 phase'rep0rted by Ageev and Ionov for a polycrystalline’iridium strip.8)
We had no evidence for the presence on Ir(111) of a hlgher binding state
correspondlng to the Bp phase found by these authors. The maximum amount of
adsorbed oxygen as found by Ageev and Ionovg) corresponds roughly to 1/2 |
monolayer on a (lll)vplane, in agreement with a (2x1) surface structure as
assumed in fhe‘present study.

~No evidence was found for the formation of bulk iridium oxide upon

exposure to oxygen, even at temperatures of 600°C and pressures of 10—6 Torr.

The rate of formation of.IrOQ has been found to be detectable at higher
9)

OXygen pressures.
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E. Interaction of Oé with the Ii(s)-Ié(lll)x (100)] Surface

Adsorption of oxygén on thé‘stepped'surface'at room temperature produced
a diffraction pattern, shown in Fig; lOb; consisting of the cleén
Ir(,s)-[6(_111)x(_1oo)J pattern with split half—ordex; extra spots consistent
with a (2x2) suffacé strﬁcturé;' Héating this surface to about 200°C resulted
in a diffractiéﬁ pattern charactéristic of a (2%1) surface structure and is
shown in Fig; 10c; Thé éxtra spots in the diffraction pattern were split
and the initial presence of stréaks; as shown in the figure, was observed.
The (2x1) structure was found to bé stable up to L450°C. Cooling to room
temperature in an Op ambiénf doés not restore the (2%2) pattérn. Further

T

heating to about‘h50°c in 10" ' Torr 0o resultéd in the disappearance of the
(2x1) structure; The doublets became diffuse and élongated'as shown in
Fig. 10d indicating_alterations of thébstep périodicify. The results may
be interpreted'by considering that three domains of (2x1) are formed at room
temperature, simulating a (2x2) structure. On heating, the mobility of the
atoms increases and the orientation of the steps favours the formation of
that particular (2x1) domain which has the most densély packed rows parallel
to the steps.

The thermal desorption spectra (shown in Fig. 11) exhibits two desorption
peaks, one with é,maximum near 800°C and the other near 1200°C. The lower
binding energy state, observed at higher exposures is the samé as that found
on the (111) crystal. - Thé'sécond peak, appearing first at low exposures, was
not observed én the (111) crystal; This péak can be interpreted as due to a
higher binding staté of the oxygen atoms adsorbed at_the'steps. The high

temperature peak can be related to the B, phase reported by Ageev

and Ionov8) on polycrystalline iridium.
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F. Reaction of CO with Op on Ir(111)
In order to determine the dependence of the fate of COp formation on
temperature, ﬁhe clean Ir(111) surface was exposed to a 1:1 mixture of CO

7 Torr. The partial

and 0o at a total pressure héld constant at 2 x 10”
preésure of‘COQ:was then monitoréd with thé mass spectrometer while the
sample temberature was changéd step—wibé. Figuré 12'shows the COp pressure
as a function“of sanmple températuré under thésé conditions. In our experi-
mental cbﬁditiohs_the increase in thevCO2 pressurévis.proportional to the
reaction rate. The figure shows that the reaction rate has a maximum at
300°C, | - S

Although it was not poséible to observé LEED structures during the
reaction as a function of temperature, LEED observatiéns at room temperature
conberning the'interaction of 0p ﬁith CO on the Ir(111l) surface are described
below. |

The LEED patﬁern that is observed'folloﬁing exposure of the clean Ir(111)
surface to a:mixture of Oo and CO depends on the ratio of these gases. For
CO:0o 2 1:2, at a total pressure of 1 X 10"'7 Torr, mainly CO adéorption takes
place as evidenced by the formation of (¥/3%/3)R 30° and (2/3%2/3)R 30°

structures and the presence in the thermal desorption'spectra_of only a CO
7 .

peak., Exposure to C0:0p ¥ 1:5, at a total pressufe of 1 x 10”7 Torr, results
in the formation.of a (2%2) surface structuré. This structure is attributed
to a mixed'adsofbate, consisting of 5oth,CO and oxyggn; for the following
‘réaSOns; The half-order diffraction spots were found to bé circular and

diffuse in the early stages of the development of the diffraction pattern

in contrast to the'elongated spots observed in the formation of the (2x1)-0
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surface strucfure. This suggests thé formation of a trﬁe (2X2) surface
structure for the'mixtﬁré. Thé'inténsitiés of the half-order spots were
observed to vary with beam voltage in a différent vway as compared to pure
oxygen adsorption. Also, thé thérmal desofption spéctra showed mainly a
large COo peak with only small contributions from CO and 62 aepending on
the gas composition during adsorption. The ratio.between 0 atoms and CO
molecules in this mixed surfacé phase has not been evaluated. A possible
arrangemenf of O and CO on the surface; giving the obéerved (2x2) structure,
is a superposition of a (2X2)-O’mesh on a (2X2)-CO mesh shifted by half the
diagonal so that a Cd molecule is located at the center of the 0 cell or
vice versa. This structure would explain why the half-order spots rémain
circular during adsorption since there are no preferred directions for
ordering. When the CO pressure is a few percent of that of O,, the (2x1)~0
is formed, and mostly O is desorbed with a few percent of COo.

Exposing the clean.surface at room temperature to the two gases, Op
and CO, sequentially at 10-7 Torr was found to give the LEED structure
appropriate to the first gas incident on the surface. Changes in the
diffraction pattern were obéerved on admission of the second gas (after.
pumping out the first gas), but they occurred very élowly. It was observed
that CO was véry slowly being replaced from the surféce by O, much more slowly
than the replacement of Op by CO. . Comsiderable caution had to be exercised
"in the use of LEED to study the CO adsorbate in the presence of Op in the gas
phase. It was found that a (2%2) strﬁcture rapidly began to grow at the
expense of the CO structure; lOn shifting the LEED beam to a new location
on the Samplé, hoWever; thé'initial CO structure was observed. Thermal

desorption indicated only the presence of adsorbed CO.
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G. Interaction of Hy0 with Ir(111) and Ir(S)-[6{111)x(100)]

Adsorption of Hp0 could not be detected at room temperature and
7

pressure up to 10 ' Torr both on the (111) and the stepped crystsl plane.
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DISCUSSION

. The results .of CO adsorption indicatévmarkéd difference in chemi-
sorption characteristics for the (111) and the steppéd’iridium surfaces,
respectively. While two ordered surface structures form on the (111)
crystal face, G/§q/§)3 30° and (/3 2/3)R 30°; with increasing coverage,
ordering of the adsorbed CO was not observed on the stepped surface. It
appears that.the steps effectively prevented ordering or the formation of
large enough/ordered domains of the adsorbate to befdétéctable by LEED.
Bonding characteristics_of CO as judged from the flash desorption studies
and from the apparent absence of dissociation of the adsorbate are similar
on both crystal faces, As in thé case of platinum, the (100) orientation
step at;ms cannot dissociate the high binding enéréy CO molecule in our
experimental conditions without the'help of the electron beam.

Oxygen was found to order on bofh (111) and stepped iridium surfaces.

From the flash desorption characteristics it appears that oxygen is b?und
more strongly at the steps than on the (111) face. It is interesting to
note that Conrad et al. has found similar bonding behaviour on comparing

10) and COS) on the (111) and

the chemisorption'characteristics of hydfogen
PA4[9(111)%(111)] stepped palladium surfaces. While the initial heat of
adsorption of hydrogen was higher on the stepped surface, the heat of CO
adsorption was the same for both surfacés;

Water was found not to adsorb on eithér iridium surface at room
températuré.

The co-adsorption behaviour of CO and O, 1s that expected from the

relative sticking probabilities. The virtually unchanged sticking probability

of CO while the (¥/3x/3)R 30° surface structure is formed and the marked

Id
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decrease of the sticking probability as the (2/3%2/3)R 30° structure forms
along with the ordered oxygen adsorption and coedsorption make this system
an excellent choice for thermodynamic studies in the adsorbate layer,.

The reaction rate for oxidation of CO, measured on the (111) face.shows

7).
o

a temperature dependence similar to that found by Christman and Ertl n

Ir(110), ihdicating that this reaction has the samé mechanism on both faces,
despite the differences in surfacé structuré.

It isvofbvalue to compare the chemisorption béhaviour of the different
gases on platinum and iridium (111) and stepped [6(111)%(100)] surfaces.
Table I lists the ordering characteristics of those systems. (6]0] formé
ordered sﬁructures'on the (111) éurfaces of both metals, but the‘structures
appear to be different.. On the_stepped surfaces of béth metals, CO remains
| disofdered. It is difficult to‘determihe with any degree of certainty.
wﬁether some'of the adsorbed CO dissociates on these high Miller Index
surfaces,.due'to the presence of electron beams in all of these experiments.
It is clear thét only a small fraction of the adsorbed CO moholayer may
dissociate, if.any, as judged by AES studies and thermal desorption spéctra.

Oxygen appears to order well on iridium surfaces. There is some degree
of uncerfainty about adsorption of oxygenvon Pt(lll).lQ) When O» has been
observed to adsorb in an ordered manner on Pt(111) a (2x2) surface.structuré

12)

" has been found,’ similar fo that on Ir(111). Alﬁhough bonding energies

would be expected to be greater on iridium than on platinum, there is no

direct evidence for the formation of iridium-oxide on the (111) stepped

11)

surface. On the”othef'hand; surface oxides of platinum

3)

gold™" have been detected under conditions of oxygén exposure and surface

and even of

temperatures used in this study. It is possible to relate the periodicity
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of the Ir(2%1)-0 structure to that of Ir02(100) plane which has been observed
as the dominant surface orientation during the growth of IrOs on Ir(lll).g)
The distances between the oxygen. atams in the (2x1)=0 structure (2.7 and

4,7 8) are near to those in thé (100) plane of thé oxide (3.1 and k.5 X).ls)

The heat of adsorption of CO is higher on Ir{(111) than on Pt(lll).lh)
It is interesting to note that also the temperature, where the rate of COp
formation from CO and O mixtures increases strongly, appears to be higher

15) These temperatures (around 170°C on Pt(111)

on Ir(111) than on Pt(111).
and around 225°C on Ir(111)) are equal to the temperatures where desorption
of CO may be expected under the experimental conditions used in these experi-
ments. The occurrence of the sudden increase invreaction rate can,
therefore, be attributed to desorption of CO from the surface.

The differences in the chemisorption behaviour (surface structure,
bonding) of these two gases are marked between (111) and stepped surfaces
of the same metal. These observations, that are confirméd in studies of
hydrocarbon chemisorption that will be reported in a subsequent paper, under-
line the surface structure sensitivity of chemisorptién. Chemisorptionv '
studies on polycrystalline surfaces of metals may not, in most cases, be
comparable with chemisorption studies on single crystal surfaces, for this
reason.

The differencés in chemisorption charaétéristics betwéen the two metal
- surfaces, platinum and iridium, of thé samé surface structure indicate that
localized bonding of thé'adsbrbate to thé'individual surface atoms is just

as important in forming the surface chemical bond as that of the atomic

surface structure.
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Table I, Comparison of Structures Observed on (111) and Stepped Surfaces of Ir and Pt
Substrate
Adsorbate Ir(111) Ir(s)-[6(111)%(100)] Pt(111) P£(8)-[6(111)%(100)]
o (V3%/3)R30° disordered (Lx2) 11) disordered ’’
(2/3%2/3)R30° (2x2)2tL)
0,(25°C) (2x1) (2x1) not adsorbed 1) 2(1d) 12)
H50 not . adsorbed not adsorbed not adsorbedB) not adsorbed 3)

-0z~
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FIGURE CAPTIONS

LEED patterns of CO adsorbed on Ir(111)

(a) clean Ir(111) at 71V, (b) (¥3%/3)R 30°-CO at 70 V, and

(¢) (2V/3%2V/3)R 30°-C0O at 75 V.

Models proposed for

(a) (V3%/3)R 30°-CO and (b) (2V3%2¥3)R 30°-C0O surface structures.
Indicated are the unit meshes of the. adsorbed layer (in dashed
lines) and of the substrate (in full lines).

Thermal desorption of CO from Ir(111) (Fig. 3a) and
Ir(s)-[6(111)%(100)] (Fig. 3b). The heating rates used are

abput 25 degrees/sec for both faces.

The amount of CO adsorbed on Ir(1lll) versus exposure as derived from
thermal desorption and AES measurements. Indicated are twé»values
of the coverage 0 (defined as equal to 1 when the number of adsorbed
CO molecules equgls the number of metal atoms on the surface.).

An adsorption isostere for CO on Ir(1lll) for a relative coverage
near 1/3.

The Auger spectrum near the carbon peak for

(a) clean Ir, (b) amorphous C on Ir, and (c) CO adsorbed on Ir(1ll).
LEED patterns of oxygen.adsorbed on Ir(1il). Electron energy 80 V.
(a) at an exposure of about 10 L and (b) at an exposure of about 30 L.
Thermal desorption spectra for oxygen adsorbed on Ir(11l). The
h;ating rate was about 70 degrees/sec.

Thé amount of oxygén adsorbed at room temperature on Ir(1ll) as a
function of exposure;

* from the height of the oxygen Auger 520 eV transition

o from thermal desorption.,



.
Fig. Cap., contd.

Fig. 10. LEED patterns of oxygen adsorbed on Ir(S)-[(111)%(100)]
(a) clean Ir(s)-[6(111)%(100)], (b) (2%2)-0 surface structure,
(c) (2%1)-0 surface structure with an initial development of
streaks perpendicular to the steps. (d) after heating (c) in

1077 Torr 0o above U450°C.

A1l pictures were taken at 110 V.

Fig. 11. Thermal desorption spectra of oxygen from Ir(S)-[6(111)x(100)].
Heating rate is approximately 100 degrees/sec.

Fig. 12. Increase in COp pressure when the Ir(111) interface is exposed to

a 1:1 mixture of CO and CO»p.
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