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The experiments were performed in a well-equipped ultrahigh
vacuum (UHV) chamber, with a base pressure below 10710
Torr. There, the sample was cleaned with cycles of Ar ion
bombardment and annealing, to a maximum of 808 KQur
method reproducibly yields low-energy electron diffraction pat-
terns which are 5-fold symmetric after annealing at 800 Kote
that our results are specific to a surface prepared in the fashion
described here. There is speculation that surfaces prepared in
different ways, e.g. via fracture, may exhibit different reactivities.
When this surface is exposed to, Hh UHV at 120 K,
temperature-programmed reaction spectroscopy shows that no H
evolves. The same is true for Al(100), Al(111), Al(110), and

Quasicrystals are materials with unusual atomic structure, Mn.**** (All literature on surface chemistry of pure Mn describes

coupled with unusual physical propertiesSurface properties are

Mn overlayers on metal substrates.) In contrast, Pd is known to

particularly important, because most proposed applications qua_dissociate Hreadily, followed by recombination and desorption

sicrystals involve low-dimensional soligdgoatings, thin films,
precipitates, or compositesvhere the ratio of surface area to

at 300-360 K12 Hence, the surface interaction of ith i-Al —
Pd—Mn is the same as with Al and Mn, but distinctly different

volume is high? Perhaps the most fundamental surface property from that with Pd.
is chemical reactivity. Studies under various environmental  Exposure of i-A-Pd—Mn to CO results in a COnf/e 28) peak
conditions suggest that quasicrystals are relatively unreactive and/at 150 K with a shoulder at about 180 K. This is qualitatively
or corrosion-resistarit? similar to Al(100), where CO desorbs at 125 K following
It has been proposed that the surface chemistry of quasicrystalsadsorption at 70 K3 (Because the desorption temperature from
should be dominated by the suppression of the density of statesi-Al —Pd—Mn is relatively close to the adsorption temperature
at the Fermi levét—the “pseudogap™which is characteristic of (125 K), a more quantitative comparison with the literature value
bulk quasicrystals. This hypothesis is supported by surface energyis not possible.) On i-AtPd—Mn, we find no gas-phase products
measurements conducted under atmospheric conditions, whichother than CO; furthermore, neither carbon nor oxygen is found
show that the passivated surface of a quasicrystal behaves mordéy Auger electron spectroscopy (AES) after repeated CO expo-
like a covalently bonded material (e.g., Teflon) than like a metal; sures and heating to 800 K. There is also no dissociation on
the polar component of the surface energy is anomalously low. Al(100) and Al(111)}*-35 Mn is known to partially dissociate
A low polar component suggests low surface polarizability, i.e., CO*® On Pd, CO does not dissociate but desorbs at 515 K.
low free-electron density. Hence, the surface chemistry of CO on i-A*d—Mn resembles
The present study addresses the reactivity of one particular Al- the chemistry on Al but not on Pd or Mn.
based quasicrystal, icosahedral (i-}Ad—Mn, toward a series Exposure of i-A-Pd—Mn to CH;OH results in desorption of
of simple molecules: b CO, CHOH, and two iodoalkanes.  molecular CHOH at 155 K. Several decomposition products are
Note that these molecules, and their adsorption products, formalso observed. Hdesorbs with CHOH at 155 K8 Between
bonds to metal surfaces that are primarily covalent in nature. 400 and 650 K, Chievolves in two additional peaks, based on
Hence, one might expect these adsorbates would be less sensitivghe ratio of/e 16 to 15. There is no evidence of CO desorption.
to the pseudogap than to rehybridization of valence orbitals within AES shows that oxygen remains on the surface after methanol
the intermetallic. Our approach is to compare the chemistry of desorption. Residual carbon is not obvious after a single
a clean quasicrystalline surface with the known chemistry of the adsorptior-desorption cycle, presumably due to overlap between
clean, pure metals that comprise the intermetallic, to determine the C and Pd AES peaks. However, carbon is clearly present
whether the quasicrystal is unusual. after repeated cycles. These data are comparable to those reported
The i-Al-Pd—Mn sample used in these experiments was grown for Al(111)!° and polycrystalline AP’ where a methoxy species
at the Ames Laboratory. A single grain was harvested from a  forms at low temperature and decomposes around 500 K to form
boule and oriented to a 5-fold axis within 0°2ith use of Laue methane. For Al(111), methoxy formation is associated with
X-ray diffraction. Inductively coupled plasma-atomic emission concurrent H and methanol desorption at 145 K; methane
spectroscopy of an adjacent sample showed a composition ofevolution is observed at about 445 K. Our data are different than

Al PdigdMnge Prior to experiments, scanning Auger and
electron microscopy showed the sample to be single phase.
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Table 1. Comparison of the Reactivity of i-AlPd—Mn to Its Pure Constituerits
pure Mn pure Pd pure Al i-Al —Pd—Mn

molecule refs 11, 16 refs 12, 17, 2+23, 26 refs 10, 13-15, 19, 20, 25, 27 ref 18
H> does not dissociate evolves at 36860 K does not dissociate does not dissociate
CcO partially dissociates, evolves at 515 K desorbs150 K desorbs<150 K

evolves at 900 K
methanol n/a dissociates; Evolution at 350 K, dissociates, Hevolution at 145 K  dissociates, Hevolution at
CO evolution at 450 K with CH;OH, CH, at 445 K 155 K with CH;OH, CH, at
435 and 600 K

iodoethane n/a ethylene evolves at 2825 K ethylene evolves at 48%80 K ethylene evolves at 600 K
1l-iodopropane nl/a n/a propylene anglddolve at propylene and klevolve at

520-535K 585 K

a Temperatures are not corrected for different heating rates.

those reported for Pd(111) and Pd(110), where adsorption ¢f CH
OH yields H at 300-350 K, and CO at about 475 .23 We
were unable to find literature studies of gbH on Mn. In short,
the surface chemistry of methanol on i-APd—Mn resembles
that on Al, but not on Pd; comparison to Mn is not possible.

and ethylene evolves at 27325 K26 Literature on Mn is
unavailable. In short, the peak temperatures of alkene desorption
from the quasicrystal are higher than from Al, and higher still
than from Pd, indicating that the alkyl fragment is more stable
than on either pure metal. Its enhanced stability may allewCC

Two linear iodoalkanes were also studied: iodoethane and cleavage to compete effectively withH elimination, assuming

1-iodopropane. Because of the weakIond strength, these

molecules typically dissociate at low temperatures on transition

that the activation barrier to the former is the highest.
Other differences between our data and the literature for pure

metals, and on Al to yield adsorbed iodine and the corresponding o] concern the product distribution (some ethane forms from
alkyl species. A variety of reaction pathways are then available jodoethane on pure Al(106j,whereas no alkane forms on the

to the alkyl species including-H elimination, reductive coupling,
and carbor-carbon bond cleavagé. Thus, the formation of

quasicrystal) and the stability of residual atomic iodine (iodine
remains on i-At-Pd—Mn after heating to 800 K, whereas it

various gas-phase products at higher temperatures may be usefulisappears from pure Al upon heating to 700 K).

as a signature of bonding.

On the quasicrystal, molecular iodoethane desorbs at 275 K

while 1-iodopropane desorbs at 290 K. On both Al and Pd,
iodoalkanes desorb molecularly below 2002%$ On the
guasicrystal, there is abundant evidence that the kbnd can

cleave for both iodoalkanes, as expected. Carbon and iodine
remain on the surface after heating to 800 K. The presence of
carbon at such high temperature indicates that there has been som

C—C bond breaking in the alkyl fragment. Furthermore, the alkyl
fragment can undergB-H elimination, based upon observation
of the corresponding alkenes at 5850 K. H, was not detected

concurrent with ethylene desorption, but was detected with

propylene desorption.
pB-H elimination is also a major mechanistic pathway for pure
Al and pure P&>2” However, there are also differences between

Our results are summarized in Table 1. For the molecules
studied here, the reactivity is clearly dominated by the presence
of Al as opposed to Pd which tends to be more aggressive than
Al at breaking bonds. The resemblance to Al is reasonable. For
a quasicrystal, many types of surface terminations, each with a
different composition, are possible. The termination type favored

n the sputter-annealed surfaces has 85 atomic % Al i.e., nature

elects an Al-rich terminatioff. This also means that any Pd or
Mn sites exposed are probably not able to form the extended
ensembles that would be necessary to exhibit chemistry resem-
bling that of the pure metal.

The results of Table 1 are also reminiscent of our previous
work with oxygen adsorption, which showed that this quasicrystal
oxidizes much like Al, forming a passivating layer of pure, or

the surface chemistry of the quasicrystal and the pure metals.Nearly-pure, aluminum oxid:*

Perhaps the most significant is that-C bond breaking is not

The exceptions to the analogy with Al all come from the

reported for either Al or Pd. This may be related to the peak iodoalkanes. The atomic iodine and the alkyl fragments are stable
desorption temperatures of the major products, the alkenes, whichto higher temperatures than on pure Al. The latter may explain
reflect the temperatures at which the adsorbed alkyl fragmentsthe presence of €C bond breaking in addition t6-H elimina-
react. For Al(100), ethylene desorbs from iodoethane at 480 K tion. In any case, this exception would indicate that surfaces of
at saturation, and propylene desorbs from 1-iodopropane at 520quasicrystals arenore not less, reactive than their pure metal
K.?5 On Al films, propylene evolves from 1-iodopropane at 535 constituents, in the sense that the quasicrystals tend to form
K.?” These temperatures are all at least 100 K lower than observedstrongerbonds to other species.

for i-Al —=Pd—Mn, when a correction for the heating rate is applied This work is a fundamental study of a model system. Our
(our heating rates being lower by a factor of 7). On Pd, the main conclusion is that an oxide-free quasicrystal surface is not
difference is even larger. There only iodoethane has been studiedunusually “inert”; its surface chemistry is very similar to that of
pure Al. Of course, unique features may still be discovered when
other aspects of surface chemistry are examined (e.g. kinetics or
structure), when surfaces are prepared differently (e.g. via
fracture), or for different quasicrystalline materials. Adsorbates
which probe differently the surface density of states might provide
additional insight into these materials. Finally, the surface
chemistry of quasicrystals in normal environments undoubtedly
will be affected by the ubiquitous surface oxide.
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