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THE SURFACE STRUCTURE AND BONDING OF ACETYLENE
TO THE PLATINUM (111) SURFACE

by .

L. L. Kesmodel, P. C., Stair, R. C. Baetzold* and G. A. Somorjai

_ Materials and Molecular Research Division, Lawrence Berkeley Laboratory,

and Department of Chemistry, Un1vers1ty of California
Berkeley, California 94720

- ABSTRACT
Analysisvofvlow-energy electron diffractiod beam intensities for a
a (2x2) chem1sorbed layer of acety]ene on the Pt(111) surface shows that
the mo]ecules are adsorbed in either a three fold position or a two-fold

bridge position at a distance of 1.95+.10 A above the topmost p]ane

of platinum atoms,

* Permanent address: Eastman Kodak Laboratories, Rochester, New York,
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o in recent_years:the technique of low-energy eIectfon‘diffraction
(LEED) beemfintensity-voltege (I-V) ahelysis (sUrface'crysféilography) has
~ been used primarily to determine bonding geometries for (uﬁreconstrdcted)
clean metal surfaces and simple overlayer systems of.chemisorbed atoms,
~Here we wish to report the first such investigation of an ordered overlayer
of molecules on a surface, the hydrocarbon acetylene (CZHZ) associative1y
chemisorbed on,the.(111) surface of platinum.]' We find that the methbd
ean distinguish between competing model geometries of the ﬁeta]-hydrocarbon
system and that the optimum bonding arrangement gives calculated I-V pro-
files which are in consistently good agreement with experiment for
Severa] incident beam angles and a large ﬁumber'of frectiona1 and inte-
'gral-order beams.

The exposure of a clean Pt(]]i) surface to CzHé gas at 300 K under
ultra-high vacuum conditions fo]lewed’by gent]e-heating_to 400 K for one
hour give§ rise to a (2x2) LEED diffraction pattern with sharp fractional-
ordef spots indicative of long-range order in the over]ayer,z. The LEED |
beam intensities from the CZHzeqver1ayer were‘measured.photographica11y
at several {ncident beam angles for energies 10-200 eV. The experimental
apperatUS, single crystal platinum sample, cleanihg procedure and the
photographie technique have been previously described.3 The gas was
introduced into the vacuum chamber via a stainless steel needle directed
at the crystal surface. Although gas exposures have not been accurately
'determiped, it waé found that at 300 K a we]l-ofdered CZHZ overlayer was
"obtained only at 1ew exposures (~1 Langmuir), in agreement with ear]ier
.work.4.vThe adsorptien and ordering characteristics of CZHZ were independent

of the electron beam, However, the fractional-order beams lost intensity



,be reported elsewhere,
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under electron beam exposure at a rate approximateiy proportional to the
incident beam current. The electron beam exposure was therefore limited

so that the maximum loss in fractional-order beam intensity was about 5%

~ during the period of photographic data collection (2 min).

Thg surface structure analysis Was carried out by comparing calculated
I-V profiles from models of the Pt-CzH2 geometry to the experimental

results. The model gedmetries considered were the likely ones in which

' the‘C-C axis of the molecule is parallel to the surface plane with the

molecule oriented in varidus symmetric ways with respect to the substrate

~atoms (Fig. 1). The observed three-fold symmetry of the diffraction

‘pattern could arise from three 120°-rotated domains of either (2x2) or

(2x1) packing of C2H2‘6n the substrate, and poth types of translational

;symmétry were considered in the ana]ysis. The calculations employed a

multiple-scattering theory using a beam répresentation and the layer-

5

doubling method. * The Pt geometry and scattering parameters were the same

as those used previously for the clean surfacé6 with the exception of
the electron damping (imaginary part of the potential) which was taken

as 2.5 eV,

"_ Details of the Construction of the C2H2-scattering potential will

7 Trial calculations showed that the inclusion of

 H scattering produced negligible changes in the I-V profiles, and the H

atoms were therefore neglected %n the structure. analysis (the scattering
cross-section of hydrogen is about 15% that of carbon in the energy range
15-90 eV). The C-atom'scattering potentials were constructed from a

22
spherically averaging the potential within spheres centered on each of

self-consistent field molecular-orbital ca]cu'lation8 for C,H, and then
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the tﬁo C atoms. The I-V_profi1es.were ca]cu1ated in the energy range 15; |
90 eV_using.S partia]-wave phéSe shifts fof eadh atomic‘species-and a
converéent humber éf atomic layers and beams. :

For each of the p]anar orfentations shown in Fig, T‘the'i-distance
) of the molecule above the surface was inftia]]y varied Setween 1.3 and
2.5 A in 0.2 A intervals and was later refined tb'o.l Z-intekvals in the
optimum range'1.8-2.1.x. The C-C distance was a]]owed to expand from the
- triple-bond (gas phase CéHz) distance of 1.20 R to‘thevdouble-bond distance
of 1.34 R, but the calculated I-V profiles were_fOUnd to be insénsitive
to this variation, exhibiting only minor changes'in re]ative intensities
and peak positions.

The I-V profiles were calculated for a 1akge number of fractional
and integra]-order beams af incident beam angles of 6=0°, 4°, 8°'énd 16°;
the results are summakized in Figs, 2-4, Figure 2 shows a compafison of
tﬁé.I-V curves for various b]anar orientatidhs ét-the z-distance of 1.9 A
above the sdbstrate with the (2x2) translational symmetry and the C-C
distance of 1.20 R.' The (2x1) arrangements gave poor égreement with experi=-
ment. Due to fntensity Averaging over equivalent 120°-rotated domains
the‘i-v profiles for geometries Al and C1 are virtually identical to those.
for A2 and CZ,-fespectively. The Bl and B2 profiTes aré very different,
however, due to the lower symmetry of the B site. As illustrated in Fig.
2 the best agreement is found for the Bl and C2 (or C1) orientations with
poor agreement for the Al, A2 and B2 geometries, The C1 geometry, however,
in which the two carbon étoms have different atomic environments appears
quite unfavorable from a carbon-platinum bonding viewpoint and is rejected

for that reason, 'Figures 3-4 show several additional comparisons of theony



~geometries as the most favorable. An objective,acomputerized analysis

and éxperiment for the Bl and C2 geometries. Visual evéluatfoﬁ-of the
I-V profiles over all angles and diffraction beams rates the Bl and C2
7
of thé profiles with regard to peak positions,v1ine shapes and relative
1ntensit1es is .consistent with the visual ratiﬁg and furthér’indiCates
that the C2 gebmetry is somewhat more favorable than the Bl geometry.
The Al, A2 and B2 arrangemenfs can be ruled out, _ '

~ We conclude that acetylene is chemisorbed on Pt(111) in one of two
possible local bonding modes at a z-distance of 1.95:.10 R above the top-
most plane of piatinum atoms. In the most likely bonding mode (C2) the
molecule is cenfered on'a triangular site, tﬁe'carbon atoms are equivalent
by symmetry, and relevant C-Pt distances are'2.25 R and 2.59 R. In the
other possible bonding mode (B1) the molecule is in an approximately two?

fold position with‘each_carbon coordinating to three p]atinum atoms, C-Pt

o [+ .
‘distances being 2.47 A and 2.65 A. The C2 mode of bonding is found to

occur in various trimetallic metal-alkyne complexes whereas a bridging
structure analogous ‘to B1 occurs in bimetallic comp]exes.g’]0 On the
other hand, popular'notions of acetylene adsorption on transition-metal

surfaces have involved an acetylene m-complex coordinated to a single

.v metal atom (model geometry Al or A2) or a di-o complex in which each of

the two carbon atoms forms a o-bond with a different metal atom'! jmodell'
geometry B2). In partiéu]ar, the di-o model has often been cited in
connection with the mechanism of dehydrogenation of ethylene (C,Hy) to an

acetylenic species upon adsorption with the ligand molecular orbitals in

an sp2 hybrid configuration. Although these bonding modes could be

2

operable in the less stable acetylene overlayer,” our results show that
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they are not the'favdred bonding arrangements on the platinum (TT])
surface, ' | |
This work was carried out under the auspices of the U. S. Energy .
Research and Development Adhinistration. vWe wish to thank N. Bart]ett,:
L. Falicov, K. N. Raymond and H. F. Schaefer for helpful discussions on

various aspects of this research.
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o | Figure Captions |
Trial geometries of CéH2 on the Pt(]]i)_surface.'Pbsitionst, B,

C refer to coordinations to one, two or three neighboring'Pt |

-atoms. The'labejs 1 and 2 distinguish 90°-rotated molecules.

~ Comparison of calculated I-V profiles (solid line) for the trial

o .
geometries (z=1.9 A) to experiment (dashed line) at normal beam
incidence. S

Comparison of calculated I-V profiles (solid ]ine) for the opti-

. o ’ :
mum geometries (B1, C2; 2=1.9 A) to experiment (dashed line) at

normal beam incidence.

: CompariSon_of3ca]cu1ated I-V profiles (solid liﬁe)'to expefiment

(dashed ]iné)'at incident angle 6=4°. Other conditions as in

Fig. 3.
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United States Government. Neither the United States nor the United
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