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THE SURFACE STRUCTURE Ai~D BONDING OF (2X2) ACETYLENE OVERLAYERS 

ON PLATINUM (111): LEED INTE~SITY ANALYSIS 

by 

L. L. Keslnodel, R. C. Baetzold* and G. A. Sornorjai 

f'laterials and j'.101ecular Research Division, La\'/rence Berkeley Laboratory 
and Department of Chemistry, University of California, 

Berkeley, California 94720 

ABSTRACT 

\'/e report the results of a low-energy electron diffraction intensity 

analysis of tile structure of (2x2) arrays of acetylene (C)-I,')) on the Pt(ll1) 
1- (_ 

surface. We have determineJ the structure of two different bonding states 

of the chemisorbed species (separated by a thermal activation bar~ier) 

!,"hich \'~en; recently identified by UTO and ultraviolet photoelectron 

spectroscopy. The more weakly bound (metasta~le) state involves coordination 
o 

to basically one surface iIletal atOln (Pt-C bond lenqths of 2.!.i(1) 1\) \'/hereas 

a ttacl1rnent to three meta 1 a toms is found for the more s tronqly bound 
o 0 

(stab12) state (rt-C bond lengths of 2.2(1) A and 2.6(1) A). A lack of 

sensitivity to possible C-C bond elongation and CCH angle-bending for the 

adsorbed molecule is also reported and discussed • 

* Penlanent address: Eastman i<odak LaboratOl~i es, f:ociJester, ile\'1 

Yurk 14GU2. 
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I. INTRODUCT ION 

The unsaturateu hydrocarbon acetylene (C2H2) has been observed by 

low-energy electron diffraction (LEED)(l) and subsequently ultraviolet 

photoelectron spectroscopy (UPS)(2.3) to adsorb on the platinum (111) 

surface in (at least) two different undissociated chemisorption states 

(referred to ilel1e as " l11e tastable" and "s table ll
) vJhich are separated by a 

therlilal activation barrier. In the first study of molecular chemisorption 

Gy LlEU intensity-voltage (I-V) analysis,(4) we reoorted on our initial 

findings' concerning the stereochemistry of the stable adsorption state 

tJllicil is fOrf'led (i'treversibly) by heating the roor:l-temnerature met,:istable 

<::t,,,t" 'c' 0 '--I ... ',3f;') ,/<.(1,3) (F' t t' f C' 'J oc 1 b T 41:0 K ) - ~ ~ ~,. ragmen a lon 0 '2h2 curs on y a ave - ~ • 

III tile method vve employed, vvhich has been )1atller \,dJely alJplied to clean 

crystalline surfaces and atomic adsorbates, the surface geometry is 

deterr:1ined by analysis of the beam intensities of slow electrons (10~E 

~200 eV) diffracted from the surfaces of well-ordered systems under ultra­
( r' \ 

;]i :JII VdCUUfn condi ti ons. \:) J ~Je found that an acetyl ene attachment to 

f f ..J ~ 11' (4). 'f' 1 tlll'ee sur ace ,:Ictal atOJi!S is avoreu Tor tfl~ stau e state; Sl~~Jnl lcant y, 

d silllildr configuration is cOlilnlOllly found ill trinuclC'dr Illetal-alkyne 

cOilml(~xes(6) and there involves "0" bonds to tvJO of the metal atoms and 

( I) 
d lip" bond 'to the third l:letal atO!ll. lJe ruled out, in the course of 

our analysis, the "di-(J'II iilode of attachment to two metal atoms, a config-

uration which has received considerable attention in the catalysis liter­

ature, (<3) as well as in semi-empirical, lilolecular-orbital calculations.(9) 

In recent UPS studies Llemutil and La et ale ~lave used acetylene-

induced sneotral features to identify activ3ted metastable-stable C2H2 

transitions on pt(nl)({,3) and fJd(1l1)(2) surfaces. Lo ~.l.9-J __ " also found 

• 
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that ethylene (C 2H4) exilibits a room-temperature UPS spectruin (hv= 7.1.2 eV) 

Oll Pt(lll) v/hich is virtually identical to that of the stable acetylene 

species, indicatin~) dehydro:Jenation (C2f\f>{~~~lj/211) as suggestedeiirlier 

by the LEED exreriments of Stair and Somorjai. (1) Demuth has proposed an 

interpretation of the UPS spectra in terms of a.transition from a "TI-bonded" 

species to an "olefinic" srecies, basing his conclusions primarily on the 

sirniladty of the photoemission difference spectrum at h')= 40.8 eV for 

stable acetylene to that of associatively chemisorbed ethylene (T ... (JO K). (2) 

It seems likely to us that the olefinic species identified by Demuth 

corresponds to the stable species we identified by LEED analysis as in-

volving attachment to three metal atoms at approximately covalent C-Pt 

distances. (4) This correspondence l~emains uncertain, hair/ever, since the 

formation temperature of the stable species analyzed at this laborator'y(1,3,4) 

differs from that reported by Oemuth.(2) 

In the present paper we report extensive results of a dynamical 

LEED I-V analysis of the Pt(111)-C2HZ system. We elaborate on and further 

justify our initial results dealing with the stable C
2

112 state, (4) and we 

also identify the surface structure of tile metastable state. The main 

results of this study as detailed in the later sections are as follows: . 

(i) the metastable state involves coordination of C2H2 to essentially one 
o 

Pt surface atOl:l at a z-distance of 2.45±0.10 J\ above the topmost plane 
• 0 

of Pt atoms (a C-Pt bond length of 2.53 A), (ii) the bonding site for the 
o 

stable state is a triangular position at a z-distance of 1.95±O.10 A (C-Pt 
o 0 

bond lengths of 2.25 A and 2.59 A) and (iii) very limited sensitivity is 

found to either CC bond length or CCH bond angle variations, and hence 

no conclusions are reported here concerning these structural properties. 
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The metastable-stable transition thus involves sizeable contraction in 

C-Pt bond lengths but more importantly a change in coordination from one 

metal atom to three metal atoms. This observed change in coordination is 

likely accompanied by a change from a basically 'IT-bonded species to a more 

strongly bound a-bonded acetylene. 

In Sec. II below a brief overvie'I1 of pertinent acetylene-metal 

bonding and structures in Qrganometallic clusters is presented. We 

describe in Sec. III the various aspect; of the intensity analysis. The 

main results are presented in Sec. IV, and conclusions are summarized in 

Sec. V. In the Appendix, se;lsitivity of the calculated I-V profiles to 

ilnportant structural and non-structural parameters is examined. 
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II. MODELS OF ACETYLENE CHEMISORPTION: STEREOCHEMISTRt 

The disposition and chemical state of unsaturated hydrocarbons on 

transition-metal surfaces has for many years been an unresolved problem of 

considerable interest in the fields of adsorption. adhesion and hetero­

geneous catalysis. (8) Competing models involving the formation of If com-

plexes and a complexes have been postulated for acetylene and ethylene 

chelllisorptioll~ (3) Generalizations of these models are also expected to 
apply to other unsaturated hydrocarbons on metal surfaces. In the present 

study of acetylene chemisorption on platinum we examine these various 

moJes of bonding in the context of the high-symmetry bonding sites avail-

able on the (111) face of an f.c.c. crystal. 

As illustrated in Fig. 1 w~ distinguish four sit~s designated as 

(a) 'ff comnlex or. the "atop" site, (IJ) ll-bridging, (c) di-a and (d) tri­

angular. These surface sites ate labeled in this V'laY to draw attention 

to the interesting stereochemical analogy between these surface config-

urati ons and known lilodes of attachment of acetyl eni c 1 i gands to sma 11 

transition.metal clusters. (10) (l~e refer to ligands of the type RC:CR where 

the radi ca 1 R (=C6H5, C11 3, etc.) substitutes for H.) In Fi g. 1 \'Je schemati­

cally indicate the types of bonds found in clusters of 1-3 metal atoms and 

their parallel association with the Darticular surface sites of interest. 

The one-coordinate TI complex (a) is associated with attachment of an 

acetylene to a single transition-metal atom)and the nature of this bond in 

clusters is described by a model originally developed by Dewar(ll) for 

metal-olefin bonding. In this model, the doubly occuoied 1f u orbHal trans­

fers electron density to a metal hybrid orbital and this transfer of charge 

is offset by forlilation of a b~a fi~_ IT symmetry bond through the overlap 
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of a fill ed dTI orbital of the metal and an empty anti bondi ng TIg orbital 

of the acetylene. A similar scheme has been adopted for the ll-bridginy 

configuration (b) (favored in binuclear complexes) in which each of the 

two perpendicular TIil orbitals is directed tm'/ards a different metal atom 

thereby forming tvm orthogonal "ll" bonds. (12) 

The geometries illustrated in Fig. 1(c) and Fig. l(d) are generally 

associated in clusters with rehybrid;zation of the acetylene to an olefinic 

bending (as indicated schematically) on the basis of stereochemical data 

(i.e., CC bond length, CCR angles, as well as the orientation of the 

acetylene to the metal atoms). The di-0 geometry (c) involves the formation 

of two carbon-metal 0 bonds and has received considerable discussion in 

the catalysis liter'ature as a IJrOba'ble surface complex, (8) although its 

OCCuY'l"!.!nce in organolneta 11 i c c1 us tersi s uncommon. The triangular geometry 

(d) is thou9ht to involve formation of tvw carbon-metal 0 bonds as well 

but with an addit;oQal II bond derived from the 1T framework to the unique 

metal atom. (6)~ 
--_._------_ .. _-

( __ :,,:>Hence, in the triangular geometry each (equivalent) carbon atom has 

significant interaction with two metal atoms. This arrangement is commonly 

found in trinuc1ear metal-alkyne complexes. 

In Table I we cite various organometallic compounds exhibiting the 

four basic surface geometries we have considered. One finds that with 

feVi exceptions all of the known clusters exhibit considerable C2R2 

"distortions" from the gas-phase configuration in terms of CC bond length 

expansion and CCR angle bending.(6) For the various mononuclear metal­

alkyne complexes associated with geometry (a) an avera~e (taken over 

° several clusters) CC length of 1.29 A and a CCR angle of _145° are found 
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° compared to gas phase values of 1.20 A and H30°. i3inuclear clusters of 

° the ~-bridging kind exhibit average CC lengths of 1.36 A and CCR angles ~ 

. 
of _134°. There seems to be no systematic difference in the distortions 

found in the binuclear and trinuclear clusters, the CC length seemingly 

° stabilizing around 1.4 A for the cornpounds thus far analyzed. 

The extent of the C-C bond elongation and changes in CCIt bond angles 

for surface adsorbed C2H2 species as well as otiler hydrocarbons with re.,. 

spect to their gas phase structures remains an open question presently 

under investigation by various surface spectroscoDies. It is probable 

tilatc_c bond stretching and possibly bond scission occurs with low 

activation enerqy on sorlle transition-metal su)~faces. Both Pd(lll) and 

Pt (111) exh; bit two eli fferent chern; sorpti on states of C
2

H
2 

correspondi ng 

to different stereochemistry which is likely related to changes in C-C 

bond order.(1-3) On the other hand, UPS data indicates the distortion on 

I'~i( 111) at 300 K to be very sma 11 • (13) 

Let us note that ~'Je have examined in this \'wrk only those acetylene 

structu)~es having tile (.~C axis parallel to tile Pt surface •. \,~e consider 

it unlikely that largf~ deviations from in-plane c-c orientation (\'.rithout 

accoltlpdllyi ng hydrogen i;)i srati on) woul d occur for chemi sorbed acetyl ene 

as it leads to minimum overlap of bondin~J molecular orbitals. The 

possibility of dissociation of acetylene at T-300-400 K to adsorbed CC, 

CIl, CIl2 or C2H radicals also seems improbable in vie\'i of the recent UPS 

(2 3) studies. ' 



-8-

"III. INTENSITY CALCULATIONS 

Ii1 this section \'ie outline the calculational Drocedure for obtaining 

the r(dlected beam intensities for lov/-enerCJY electron diffraction given 

(t model qeOl!leti'Y. Tn recent 'y(~ai"S the 'luiJnturn-lilechanical methods for 

treatinq the multiple-scattering of slow electrons from crystalline sur-

faces have become fair"l." standardized; I'IP. refer the reader to reviews on 

tfle subject for details of the UED IHultir)le-scatterin'J theory. 04) Here 

\'Ie m~~l1tion only the most important features of the calculation and some 

specific aspects pertaining to the scattering from an acetvlene molecule. 

Multiple-Scattering Method: General Features 

An accurate description of the I-V orofiles requires the consideration 

of several orders of (elastic) i!lultiple-scatterinq of the electrons from 

the ilttractive (screened) Coulomb fields of the atomic nuclei, which by 

virtue of their periodic lattice arrangement and the wave-like behavior of 

the electrons (A=h/ / ?u[) Qive rise to diffraction effects. 

1:1 vir'tuCllly all calculations the muffin-tin lIlode,(15) is elilDloyed, 

i.e., the scattering potential is tak(:~n to be spherically symmetric in the 

nei~JllborhooJ o"f eadl atol,lic center and to be approximately constant in 

tile interstitial region between muffin-tins. The assul'lption of sphericity, 

tilOU'Jfl inadequate for the lJ~neral probler'l of valence electron behavior, 

is quite il good approximation at LEED energies: that is, in order to 

unrlerrjO back-scattering the LELD electron r,lust experience the strong 

foro=s of the core-region of the atomic liotential where the charge dis-

tribution is indeed spherically syr!ll;1etric. 

Th::~ scatterinq from the s[,het'ical1y symmetric atcmic sites 15 given 



o 

-9-

~y the conventional partial wave expansion(lG) ill terms of the phase 

siJifts, <551,' 

(1) 

,_ ,,21/2 :Jilere I, - (?mE/tl) and P5I, are the Legendre flOlynomials. The (ltomic 

scatterill9 factor f(()) describes th(~ ampl; tude and phase dependence of a 

scattcrinq event on the scattering angle G from the forward direction. 

The Illa thenlatica 1 formul at; on of P1Ult i pl e-scatteri n9 orocesses invol ves 

essentially the products of single-scatterin0 e~ents given by Eq. (1) with 

the intermediate process of electron propagation. Due to efficient loss 

processes in the solid such as plasmon excitation, the mean free path 
o 

A for the occurrence of an inelastic event is -4-8 A atLEED energies 
PC 

(20-200 eV). Since these large energy loss events (,'IE-F) eV) remove 

electrons frorn the observed elastic beams, \\le note that the electron pro-

paqation beti'leen sca tteri ng events is a hi 9hly-darnred process. This 

electron beam attenuation is commonly treated as being isotropic and is 

described in terms of A or equivalently in terms of an imaginary con-ee 

tribution (E
i
-3 eV) to the scattering potential. 

The Illairl ohysical features of the calculation, then, are the elastic 

events parameteri zed by the phase shirts <551, (whi ch are derived from the 

potential V(r) associated with each atomic sit~) and inelastic damping 

nararneteri zed hv l~ ... 
" 1 

Multiple scattering formulae essrntially involve these 

parameters in various lattice summations. In [)articular, ~'ie have employed 

a beam representation and the layer doubling method. (17) 

F-inally, we note that t'le have used the "no-reflection ll treatment of 

the barrier bet~'wen vacuum arid the solid surface; that is, 'rle consider the 
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barrier to smoothly accelerate the incident electron in the direction norma1 

to the surface and neglect reflections fro~ the barrier itself. This approx~ 

ilfJdtion is valid for energiE!s greater than about 30 eVe (18) 

Scatterinq of LO\'J-Enerqy Electrons from Platinum 

The parilli1eters describing the platinum scatterirl'] v/ere the same as 

t t j . -, (19) . I tl . f h 1 d' ,11Ose LIsee prevlOUS .''1'' '.'11 tl 11e exceptlOn 0 tee ectron dJilpl n9 !~i 

l'/i1ich was taken to bf~ 2. S eV in thi S Itlork rather than th'" value of 4 eV 

used !H'eviously. The value of 2.5 ("V (Jives a better description of fine 

structure in the I-V profiles for both th'" clean pt(20) and Pt-C
2

H
2 

systems. 

The v(llue of the constant [)otential betVJcen muffin-tin spheres (Jlluffi n-

ti n ll: rn ) ':-Ias \I = 1 i].. 3 eV belmv tile VaCUUL] level. 
(19 ) 

t'le !lave neglected '0 

the dl~crt:ase in work fUilcti on (Lrj) = 1. S eV ) associ ated vJith acetyl ene 

adsorntion. The platinum phas2 shifts (Ref. 19, Fi~. 1} were derived from 

tl b d t t t J', -' I (\ J ", k' t 1· (21) f le .an -5 1~!JC ure rO"enClal usee; I)V ;Inw~rsen ana "·,ilc,1n,oSl or 

':i~1i ell thE ,~xchanw~ 

( E'1. (1) be low: ) 

f 22) 
contribution w~s aiven by the S11ter formulQ.\ 

Scattcr~inf} of LOltJ-Energy Electrons from I\cetylene 

/\pplyinq the muffin-tin model to acetylene. we consider spheres 

centered on each of the carbon and hydrogen atoms. Within these atomic 

spheres a spherical average of the potential is performed; the region 

outside the spheres (intermolecular) has a volume average C'inner po­

tential") which in most of the reported calculations was assumed equal 

to the platinum value Vo = 14.3 eVe l1e have in addition carried out 

calculations (see I\ppendix) in which the acetylene layer has a different 

inner potential from the platinum value. and we do not observe sensitivity 

to sizeable (5 eV) differences in potential levels even at very low 

electron energies. 
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The electronic charge density in the molecule was calculated using 

molecular-orbital t'lave functions given by Palke and Lipscomb(23) in a 

self-consistent field treatment with a minimal basis set ,of Slater atomic 

orbitals. The electrostatic contribution to the potential energy was 

~ ( r) -I~~-'/,' r_l_ (2) 

(~Plpl()yinu the ::iol(~CLildr charsw density p(~) consistinq of (~lectronic and 

,Jnd I1tic'I';:u' narts. The ~xchal1ge not(>.ntial Ivas calculated from the local 

ctp!lroxiPllltion due to Slater(22): 

V (r) = -6 [*- p(r)] 1/3 x un-
(3) 

Firnlly, contributions to the rotential in thr~ C2H2 atoMic spheres fnwi 

substrdte illteraction \v,:l~; iipproxirqated by sinl!)lr~ ove)~lar) of platinuill 

potentials Llsin(J standard Iilcthods. (15) 
genera lly 

;Je lJavc;/lls~~d _I)ver~pina ator:ric spheres on the carbon and hydroqen 

atoms; this de;)artur(~ frol!! it strict llluffin-tin treatment ~\Ii1S made in order 

to incluJe n:ore of the e-If~ct)~onic charge, a substantial [Jol"tion oft"hich 

lies outside of non-overlapring spheres. This problem has been dealt 

\;ith earlier in connection \"Jith p.lectronic structure calculations with the 

SCFX,( scattered-vlaVE~ method(24) and arises, for exam:)le, in organic 

nJO 1 Ec~cul es v;i thlT-e 1 ect)"on sys tems. «:" 
I 

.. - .. _ ... -•. -" - -=,,"" 

<~ __ ?In the Append; x, however, we compare I-V profiles calculated using 

phase shifts derived from both overlapping and non-overlapping sphere 

, 1 
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parameterizations, and we demonstrate that differences are too small to 

influence structural determinations. 

In Talile II .. -Ie list the muffin-tin potential for carbon in C?H') 
... L 

obtained by the above method and compare this potential to that of atomic 

cilrbon.(25) We note that these two potentials ar~ nearly identical for 

small radii (as expected) and that their difference at the sphere radius 

(r = 1.50 au) is only 0.2 Rydber~J. 
C This similarity is obtained, of 

\ 

course, only because we have spherical.1y averaged around each of the,. 

(\cetyl(~nic carbon fltoms. If one compares, for example. the electrostatic 

!)otential ~(!:) a1ow! the C-C bond direction vlith the potential at the same 

radius perpendicular to the C-C bond, differences UD to -1 Rvdberg are 

found correspondi n~] to the bui 1 dup of bondi I1g charqe bebJeen the carbon 

atoms. Gi ven th(~ s i Ini 1 ari ty of the spheri call v-averaged acetyl p.ni c-carbon 

potentials to those del~iv2d from the COYTf-'.s:-Jontiin(} atO!il lve have accor·dinqly 

eillploy(:o atomic hydrogen potentials to aoproxirnate the hydrogen scattering 

in acetylene, as indicaterl in Table II. 

Pllase shifts (0 0 ) derived frOM the muffin-tin ootentials of carbon 
" ' 

and hydrogen are shmvn in Fiqs. 2-3. Their behavior \'Jith energy is very 

s i mil ar to but they di Her quantita ti ve ly from the corresoondi n~ free atom 

piJase shifts (26) since the potentials are tru!1cated at th(~ sphere radii 

rc and r H !Jiven in Table II. lk note that the ~, £ and Q.-\'Iaves are quite 

stronq fOl~ carbon whereas the hvdrogen scatterinq is weak vlith only the 

s-wave lJC'~ing relatively stron~:. l~e Iflay also compare relative elastic 

scatterin~~ cross sections detelAPlined frol~l the phase shifts •. ~t GO eV, 

.. ~. 

,. 
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for example, the platinum cross section is over 3 times larger than the 

carbon cross section and 25 times larger than the hydrogen cross section. 

Room-temperature vibrations of carbon and hydrogen were included 
\ 

in the analysis using the conventional Debye-Wa1ler factor approach and 

assuming spherical1y-symnetric vibrational amplitudeS. The vibrational 

amplitude of the molecule was estimated from experimental measurements 

on metal-a1kyne clusters which generally show a frequency of 400-600 cm- l 

for metal-:-acetylene stretching modes. The actual amplitude of vibration 

at room-temperature is relatively small, comparable to that of platinum, 

and hence the Uebye-\~aller corrections are of minor significance in the 

energy .range below 100 eV. (1 9 ) 

Intensity Averaqing I)ver Equivalent Domains 

The obs(:rved di ffracti on pattern for the acetyl ene overl ayers may 

arise from domains of cith'er (2x2) or (2xl) real space unit cells. In 

the case of (2xl) periodicity the presence of th(". thl~e€: eCluivalent l2rJ°-

rotated domains of the molecule on the surface would be essential to 

produce the necessary spots that give a nominal (?x2) diffraction pattern. 

In the case of eitiler (2xl) or (2x2) symlletry. hO\'Jever, the presence of 

(:'lual Iluinbers of thf~ three dOl'lains is also necessary since unequal 

rill xtures Vloul d not ni vr tIle observ~rl threefol d svrnr~lf~trv of the spot 

i 1\ tr: n sit i .: s • 
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The SiiliJll siZt~, hi']!l intensitv and qO(),J definition of th(~ fractional-

Ql~d(:t~ diffraction snots indi.cates that order in the overlayer persists on 

a scale comparable to or larger ·than the coherence i'Jidth of the electron 

° beal'] (-100 /\). IIr: ,lake the ilSSLIfDr>tion t:1Jt only Olll': of tne t:lree rot<.ltional 

odr~ntdti()ilS is present vrithin a given CO!lerence Z()iW. i .0!., w; aSSUl'le 

tilJt boundary (~ffects i'i<'1Y !Je neslectpd. This i,ssuiI1otion is valid providinq 

"itiler that the uornaills of a given orientation are P1UC:l lar~Jer than the coher-

ence zone or that no particular phase relation connects different domains. 

:lit'l ;~his ,;tssurnpt'inn it is ol:'ly necessarv to avcray: to']ct!lCY" intensities 

(as o;)posed to aJdin\] dl'lillitud(~s) calculated for the threr~ orientations. 

Fat' il ~!eneral 'incid(~nt bQar'l arr]l(; (0,(~) this procedure tlh?n involves three 

inde!lend(~nt intensity cdlculations. llov,/(,;ver, a'long higil-symPlctry azimuths 

(,» unl~1 two calculations aY'r3 necessary, and at normal incidence (0=0°) 

only one calculation is needed. 

It has b~~en tlot,:=d that i1 (2x1) overlc,~!er is unlikel\' in the light of 

:,ctli ileliuril scatterin~J l~esults as "Jell as consideration of van der Haals 

raJii. (27) Ho\fever. in the absence of quantitutive COVera()e data we 

carried out calculations for (2x1) nverlayer geonetries at normal incidence. 

IJe di d l10t fi nd acceptable a(Jreement for the (2xl) acetyl ene 1 atti ce 

'tJitil the observe": I-V profiles and in the folloi'Jinq section, then, VIe 

consider only results for (2x2) arrJngements. 
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IV. RESULTS 

In tlJi s secti on vIe present and di scuss the I-V orofi 1 es cal cul ated for 

the various model geoliletries shown schematically in Fig. 1 as representing, 

we believt=, tlte likely chel'1lisorption arranqements of acetylene on the Pt(l1l) 

surface. Acceptable structures for both the metastable and stable acetylene 

states vv'ere found ~vithin the I~lanifold of tdal geometries as discussed 

below. The CC bond len9tll and CCH angle \,-Jere also studied as described in 

the AppenJix but sensitivity ~'JaS unfortunately too limited to permit a re-

liable determination of these parameters. Calculated I-V profiles reported 
.' ° 

in this section dre accordingly restricted to a CC length of 1.20 J\ and 

electro/) scatterin9 by hydrogen is neglected. Hm~ever, we sU9gest (see 

/Inpendix) that analysis of high-order beams under conditions of glancing 

electron incidence lilay r:larkedly enhance sensitivitv to in-plane bond lengths 

SUetl as the CC length in adsorbed C211
2

• 

The experimental data base for the intensity analysis was obtained by 

Stair and SOl!lorja;(l) using. a rapid nhotographiC' collection method I'lith 

( "'U) autoliJated scanning. '- Intens,ity-voltage profiles "'Jere measured for 

fractional and integral-order beams at incident polar angles in the range 

0= 0°_16° along a hi9h-syrilliletry azimuth, (p= 0°. The measurements generally 

extenued over the energy range 10 eV - 200 eV but little sensitivity to 

the C)J..) adsorbate is found above ... 100 eVe (1) 1-\11 of the experimental I-V 
'-- L 

profiles for both the metastable and stable C
2
H2 structures were checked 

for reproJucibility after ion-sputtering and oxyqen cleaning of the Pt(lll) 

crysta 1, and data fl'Olii the stable C2H
2 

structure \lIas checked at 0= 0° after 

repolishing the crystal.' Good reproducibility of Illajor and minor features 

in the I-V profil es was' demonstrated. (1 ) 
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The I-V profiles were calculated for several fractional and integral-

ot~der I)carns at incident angles of 8= 0°,4°. go and 16° in the energy range 

lS - Y5 eV as outlined in Sec. III. In the analysis below we focus attention 

on tile fractional-order beams since they are most sensitive to the over-

layer-substrate reqistry. The planar (x, y) position of the molecule 

(Fiq. 1) \'/aS varied to include iligh-syrflmetry sites with the C-C axis 

narallel to the surface. The z-distance of the molecule above the topmost 

° 0 

plane of platinum atoms was varied between 1.3 A and 2.5 A. The upper 

layer z-spacing of the platinum substrate was held fixed at the bulk value 

. (19-20) 
deternrined previous·ly from clean surface studles.· Thus \'Je assume 

that the surface Dlatinulil atom positions remain invariant during tile chem-

isorption of C2H2• The 1ack of platinum relaxation Juring adsorption is 

supported by the exnerimental observation that the higher energy (E,: 100 eV) 

I-V peak positions of the integral-order beams, which are dominated by 

platinum scattering, do not change with acetylene adsorption. (1) 

j\nalysis o( .. the Net..gstab.1e !\cetyleneStructure 

Tile opt; mum agreement between theory and experi r!lent for the metas tab 1 e 

C"H) structure is achieved for trle atop site coordination (Fig. 1 (a)). 
L L. 

Comparison of calculated profiles at normal beam incidence for the trial 

~Jeometries is shmvn in Fiqs. 4-5. The results are sho\'/n for a z-distance 
o 0 In Fiq.· 4 we note 

of 2.5 II \Jhicl1 ~~as fOl1nJ to be O[JtilllUiIl within 0.1 J\. /that a good fit is 

indicated for the atop site whereas only marginal .agreement betvoJeen theory 

alld L'XnCriLlent results for the brideJinq, trian~Ju1ar or di-o geometries. 
-

In Fi~l. :J fo;' the c+~) bea!!1 the fit for the atoo site is suggestive but 
L. L 

not really ade~uate since the eXDerimental peak near 55 eV is not repro-

° 1 I " I·, 11' 1 t 1 +. (' f) '.)" 'J ") ") fron,l t'lle' (ucell. ilOVJeVer, uY i:\ Slild 111-1) ane TJns al-lon Li=" .L:)-~ .:JL 1-\ I .• 
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atop position (see Fig.15) the aqr(-;ement is considerably ililproved. 

Sir,lilar cOlnparisons for 8= 4° are sholrm in Fiqs. 6-a. The fit for 

t:le atop site is quite favorable for all trfl~ beams and in every case is 

superior to the other trial geometries. However, a small displac~ment 

6 from the atop site again appears to improve the agreement as indicated 

in the ran~e 60-100 eV for the beams shown in Figs. 7-8. 

In Fiq. 9 a comparison is silOwn at 0:: dO for tile (t 0) beam. For 

thi s beain the features in tile ~ner~JY ran~Je 2'.J-GO elf are s~en to he very 

sell~itive tu tile displaC2ment I'::"~ and the shi Feed dtop ~}o<;ition is again 

fdvored. (The ,1(ll~eel1lent ill all cases worsens \·'Jflen J"'. exceeds ... 0.50 A.) 
"Ie concluoe on the bas-is of these and other comparisons that tile 

C)1,) molecule in the metasttlble adsorption state is situated near the atop 
L f.. 

° site at a z-Jistdnce of 2.4S±O.lO A; it is very probably slightly disnlaced 

° frolll tile direct on-top Dosition by -0.25 1\ (cf. Fi~J. 15). 

i\na lys is of the Stab 1 e I-\cetyl ene Structure 

Tile uest fit to the intensity Jata for t:le stable C;:i12 structure is 

found for the triangular site coordination (Fig. l(d)). In Fig. 10 com-

parison of calculated and experimental I-V profiles at normal incidence is 

° silown for the z-distance of 1.9 i\ (tile optimum spacing for the stable stat~). 

The nOrl!lcll incidence data serves to rule out the atop site geometry but 

discril:linatioll amollg the triangular, di-a, and bridging seometries is not 

accOl:lplished. However, as shm·Jn in Fig. 11 fore= I~O and Figs. 12-14 ·for 

0= 1.5°, the non-normal incidence data clearly favors the triangular geometry 

OV(!t' th(~ di-G and bridging configurations. lie note, for example, the very 

1 1 1 
000d d9 r eernent found for the triatl~jUlar geometry for the (0 -2) and (".0) 

L f.. 

1 ' 1 
beams at 0= 4° and the (i-~~-) and (i 0) beams at 0= 8°; the corresponding 
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fit~ for the di-cr .and bridging structures are generally poor. 

The sites identified in the present analysis for both the metastable 

(~) and stable (S) adsorption states of CZH2 on Pt(lll) are illustrated in 

Fig. lS. We note that there ~re two inequivalent triangular sites within 

tile surface unit cell corresponding to the presence or absence (hole site) 

of a Pt atom in the second layer. As indicated in Fig. 15, the triangular 

site preferred in the stable state in over the hole site. In addition, we 

idso found that the optimum site for the Inetastable state is slightly dis­

plac(~d from the atop site in the direction of the triangular position which 

has a Pt atom directly below in the second layer. Relevant C-Pt bond 

lengths for each structure are given in Fig. 15. 
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COI~CLUSIONS 

In conclusion, \'Ie have employed dynamical LEED theory to identify tvw 

different chemisorption states of acetylene on the Pt(lll) surface. In 

the metastable state the C21\~ is· ,basi cal iy coordinated to one surface Pt 
0 

atom. In view 'of the rather large Pt-C distance of 2.5 A involved for this 

state it seems probable that the molecule is \rJeakly perturbed from its gas 

phase configuration. t4e suggest that the pri nei pal component of the bond 

involves overlap of the occupied lTu orbitals of C2H2 with hybrid Pt orbitals; 

the back-bonding component to the'lTg orbitals is likely small. Support for 

tllis contention is provided by data on mononuclear Pt-acetylene complexes; 

for the class of complexes having rather ,large Pt-C distances (as large as 
o 

2.23(3) A) the acetylene ligand is comparatively unperturbed, i.e~, the 

R-group ~is-bendin9 is less than 20 0 and the CC bond stretch is less 

. .' 0 (29) 
than (). 04 r~. 

The transition from the metastable to stable C2H2 state has been shown 
o 

to entail a ver.'1 sizeable Pt-C bond length contraction of ... 0.3 A and a 

coot'dination chanye from one to three metal atoms. The strengthening of 

tile Pt-C bonds is presurnab 1 y accompani ed by a \veakeni n9 of the C-C bond, 

and the coordination to thre(~ [letal atoms suggests the formation of symmetric 

carbon-platinum a bonds (Fig. l(d)) as occurs in various trinuclear metal­

acetylene complexes. (6) 

Finally, some remarks on the LEED analysis itself are appropriate. 

TIIC~ aweement bet\lJecn calculated and experimental profiles, althouqh 

nc·ver preci se, \'/llS very encourag; w! for the optir:'iUi:l structures and comparable 

to tile !)est fits aCilieved in previous analyses of atOl:Jic chemisorption. 

i!esolution of tne hiqh-syr!lliletry candidate structures is comparatively 



-20-

SiTJi~Jhtfor"'/ard Droviding data for several diffraction angles is analyzed; 

extensive statistical analysis does not seel:l at this stage of refinement 

to ue (~ssetltia-I. Tile insensitivity to hydrogen scatterinu was anticipated; 
" . 

uut tile -\ acy: of s i ~nifi cant sens i ti vity to the CC 1 engHI was an unexpected 

and discouraging aspect of the analysis. We are presently exploring the 

Ilossibility of enhancing the resolution of the CC length by means of a 

(JldilCillU "incidence experiment (see Appendix). 

Lastly, we would like to emphasize the important role of tile Illultiple-

scattering of tile electrons; were it not for the wealth of detail in the 

1 m,,-ener~LV reqi on (E~ 100 eV) of the fracti ana l-order beam I -V profil es 

(\lhich arises from filultiple-scatteriI19) the adsorbate-suustrat!:! registry could 

not, in t:le present example. have beei"l resolved. It is, therefore, a major 

irony that the very multiple-scattering effects which complicate the LEED 

analysis (and which have often been either neglected or "averaged 0Ut") 

indeed provide the crucial diffl~action information necessary to elucidate 

the adsorbate-substt~ate reqistry. 
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APPENDIX 

/\. Sensitivity Analysis of Carbon-Carbon Bond Length and Cell Angle 

Variations 

Ideally a LEED intensity analysis of chemisorberl molecules is capable 

of providing quantitative information on intramolecular bond lengths and 
'- ' 

bond angles. ~Je have found, however, in the present analysis of acetylene 
o 

chemisorption little sensitivity to either a ce bond stretch of 0.14 A 

(C :: C -+ C = C) or a CCH angle distortion of up to 60 0
• The ee bond length 

analysis is illustrated in Fig. Al for three_fractional-order beams at 

non-normal incidence. The intensity profiles exhibi,t only very minor 

changes in relative intensity which are evident only upon close investi-

gation. 

Sensitivity to hydrogen scatterin~J is decidedly greater but still 

minor as shown in Fiq. A2. For the (~~) beam there is a relative in­

crease in the intensity of the major peak at 35 eV to the very low-energy 

peak developing near lS eV as the CCH angle bend is increased. This is 

a very unreliable criterion to use for structural analysis. however, as the 

intensity of the peak near 15 eV is strongly affected by reflection at 

the vacuum~surface barrier, a factor not included in these calculations. 

The (} l) beam (which was not exPeri~ental1y determined at e = 4°) does 

exhibit an interesting intensity-ratio change in the doublet peak occurring 

near 60 eV. A systematic analysis of such changes in this energy region 

could lead to a reliable CCH angle determination provided a large number 

of beams and incident angles were carefully analyzed. However, this 

would at the same time require a carefuV sensitivity analysis of other 

structural and non-structural parameters which may influence such peak 
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ratio modulations. 

Some general comments on the reasons for the notable insensitivity 

to the intramolecular bond length and bond angle changes are appropriate 

here. The hydrogen scattering (see text) is, of course, very much weaker 

than either the carbon or platinulll scattering and this fact accounts for 

the general; nsensiti vity to CCH angle variati ons. Several factors may 

contribute to insensitivity to the CC bond length variations, but perhaps 

the major reason is due to the in-plane orientation of the C-C axis; tms 

orientation implies that a variation ~x in theCC length will only be 

"seen" by the in-plane components of the scattering vectors. In conventional 

LEEU diffraction experiments operating with the incident electron beam 

at near-normal incidence (0 ~ 15°) the diffracted beams which are typically 

monitored are those having a very small in-plane momentum-transfer 2 but 

with a relatively large transfer ~kz in the direction normal to the sur­

face. For a first-order fractional~order beam at e - 0°, E - 50 eV we 
°_1 °_1 f have 9 _ 1.3 A whereas ~kz _ 7 A • implying that a phase change 0 

° ° say ~¢ _ :is produced by 6z _ 0.1 A b~t requires 6x - 0.5 A. Hence, we 

expect under these diffraction conditions adequate sensistivity to out­
(6z) changes but very poor resolution of in-plane 

of-plane/(6x) changes, prec;selyas has been found in all LEED analyses 

reported to date. 

~4e may note that by employing a more nearly glancing incidence 

diffraction geometry (e ~ 60°), the parallel components of all the 

allowed diffraction beams are systematically increased over those at 

tJ _ no; beams havinq 9 ~ 7A-1 would be observable with conventional LEEU 

instrUlllentation at 0 = 60° ,for example. Hence, it seems quite probable 

that inlproved reso1ution of in-plane bond lengths and overlayer-substrate 



registries can be achieved by analysis of the high-order beams near 

glancing incidence. 

B. Sensitivity Analysis of Non-Structural Parameters 

In this section we consider the influence of two sets of non­

structural parameters related to the construction of the acetylene 

scattering potential. t>le examine (1) sensitivity to a change in the 

average value of the potential between muffin-tin spheres in the over­

layer (inner potentia1 11
) relative to the substrate value (Vo = 14.3 eV) 

and (2) sensitivity to different sets of IJhase shifts derived from over­

lappin9 (rC = 1.50 au) and non-overlapping (rC ;= 1.14 au) sphere para­

rneterizations of the carbon scattering. Both sets of parameters are a 

pri~ri undetermined although an uncertainty in the overlayer inner potent­

ial of 5-10 eV is expected and the muffin-tin radii given above would seem 

to represent reasonable limits. 

In Fig. A3 results are shown for three sets of parameter choices for 

two fractional-order beams. The lower bw profiles in each panel compare 

sensitivity to the muffin-tin radii whereas the topmost and lowest curves 

compare results for a 8,Vo ;= -5 eV in the overlayer inner potential. There 

is somewhat greater sensitivity to the muffin-tin radius change. but each 

parameter choice introduces relatively minor changes in the lineshapes. 

Hence, we conclude that reasonable variations in these non-structural para­

meters do not influence the calculated I-V profiles to a degree significant 

enough to affect the structural determi nati on5. 
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Table 1. Examples of bonding structures and bond lengths for acetylenic ligands 

(RC ::oCR) in various transition-metal complexes.* 

AVerage 1'1-C C=C CCR Angle 
0 0 

~ornpound Bonding Geometr~ {A} 1& (degrees} 

(Ph3P)2Pt(C2Ph2)a one-coordinate 1T 2.04 1.32 140 

(CU)bco2(Clh2 )b bridginq (p) 1.97 1.37 138 

(hS-CSHS)2Rh2(CO)2(CF:3C2CF3)c di-a 2.04 1.29 130 

OS3(CO)10(CZPhZ)d triangular 2.22 1.29 t 

a J. O. Glanville, J. N. Stewart and S. O. Grim, J. Organometal. Chem. I,P9 (1967). 

b w. G. Sly, J. Am. Chern. Soc. ~l, 18 (1%9); D. A. Brown, J. Chem. Phys. 33, 1037 

(1960) • 

c R. S. Dickson, H. P. Kirsch and O. J. Lloyd, J. Organometa1. Chem. 101, C48 (1975). 

d 1,1. Tachikawa, J. R. Shapley, C. G. Pierpont, J. Am. Chem. Soc. R, 7174(1975). 

o 

* For reference, the carbon-carbon single-bond length (parafin~ic) is 1.54 A, the 
o 0 

double-bolld length (olefinic) 1.34 A and the triple-bond length (acetylenic) 1.20 A. 

t CCR angle not reported. 



'""26-

Table II. Muffin-tin notentials for carbon and hydrogent 

[-rV(r)(au)] 

_._----_ .. _----_._---------_._----
Carbon ,L\tomi c /\ tomi c in C{~i 12 r Carbon Hydrogen - ------ ----.-

;l • nil 12. n:} 1?00 2.00 

1).21j 8.4(; 8.45 1.94 

f).SO r; ') c: 
d. (.U (j.27 1. e2 

J.h !i .06 S.O:) 1. 70 

1.()iJ 4.3/ ,~, 21 1.58 

-I .2:1 3.92 3.67 1.4B 

1 • :Jr) 3.36 ].05 1 .3fi 

---.--

t C-C distance 2.2B = au 

C-II distance .- 2.(10 au 

rC -- 1050 au (r'luffin-tin l~adius) 

yo ;) • (~f1 all (muffin-tin rad; us) . " II 
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FIGURE CAPn Oi'olS 

Scnelilatic sho\trin~) Vili'ious i1iS)h-syrnmetry bonding sites for C
2

112 

on tile (111) face of an f.c.e. crystal. In each cas(~ a simrlified 

pi cture of the C2ll;:-rnrtnl bondi n9 is i ndi cated ii/hi eh corresponds 

to analo']ous structures found in organometallic complexes of 

acetylenes (see text). 

Phase shifts in l~dJians for carbon based on the muffin-tin 

potenti a 1 appropri a te for acetyl ene used in thi s \I/ork. ,n. carbon 

Illuffin-tin radius (r(' 1.50 au) was used. Energies are referred 

to the muffin-tin zero. 

Fig. 3 Phase shifts in radians for hydrogen based on an atomic hydrogen 

potential with the muffin-tin radius (r
H
= 0.86 au) used in this 

work. Energies are referred to the muffin-tin zero. 

Fi~l. 4 COlflparison of calculated I-V profiles for the model geometries 

(FiO. 1) to experiment (Ri~f. 1) for thE-~ metastable C2/12 structure 

for the (0 t) beam at ()= 0°. The z-di stance of the filO 1 ecul e above 

° the topmost plane of the Pt atoms is 2.5 A. T= 300 K. 

(omJ1drison of calculated and experimental I-IJ profiles for the 

fllet(1sta!Jle (2H2 structure for ttle (t~) beam at 0= 0°. The effect 
- ° 

of a small displacement £1= 0.5 A. from the atop positi(JIl is shown 

(see Fig. 15). Other conditions as given in Fig. 4. 

Fig. G Comparison of calculated and experimental I-V profiles for the 

1 ° metastable C2112 structure for the (0 2-) beam at 8= 4°; £1'";:: 0.25 A 

(see Fig. 5, 15). Other conditions as given in Fig. 4. 

Fig."/ Comparison of calculated and exnerimental I-V profiles for tile 

Illetastable C2H
2 

structure for the (~O) beam at 0= 4°; 11= 0.25 A 
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(see Figs. 5, 15). Other conditions as given in Fig. 4. 

Fi~J.; (J Comparison of calculated and experimental I-V profi 1 es for the 
-

° rneta stab 1 e C)t) structure for the 1 1 
(-l2) beam at 6= 4°; L\= 0.25 A 

L L 

(see Figs. 5, lS). Other conditions as given in Fi g. 4. 

Fi 9. 9 Comparison of calculated and experimental I-V profiles for the 
0 

rnetas tab 1 e C2H2 structure for the (-1 0) 
2 beam at 0= QO. 

u , 6= 0.50 A 

(See Fi gs. 5, 15) • Other conditions as (jiven in Fi g. 4. 

Fig. 10 Comparison of calculated I-V profiles for the model geometries 

(Fig. 1) to experiment (Ref. 1) for the stable C
2
H

2 
structure 

for the (!}) and (0 I) beams at 8= 0°. The z-distance of the 
o 

molecule above tfle toprllost plane of Pt atoms is 1.9 A, T= 300 K • 

• 
Fig. 11 Comparison of calculated and experimental I-V profiles for the 

-
1 '1 1 stable C/i2 structure for the (22)and (°2 0) beams at 0= 4°. 

Other conditions as given in Fig. 10. 

Fig. 12 Comparison of calculated and experimental I-V profiles for the 

1 1 1 stable C2H2 structure for the (-22) and (2 0) beams at 0= 13°. 

Other conditions as given in Fig. 10. 

Fiq. 13 Comparison of calculated and experimental I-V profiles for the 

stable C2H2 structure for the (0 !) and (l l) beams at 8= 8°. 

Other conditions as given in Fig. 10. 

Fig. 14 Comparison of calculated and experimental I-V profiles for the 

~ stable C2HZ structure for the (0 1) and (T n) beams at 8= 3°. 

Other conditions as given in Fig. 10. 

Fig. 15 Schematic of the Pt(lll) surface unit cell and the bonding positions 

of C
2
HZ in the metastable (r1) and stable (5) chemisorption states 

indicated by the LEED analysis (hydrogen atoms are not shovm). 
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Platinum atoms in the first surface layer are represented by open 

circles and the platinullI atom in the second layer is shaded. In 

the metastable state the molecule is coordinated to essentially 

one platinulll atom but slightly displaced from the atop position 
o 

as shown, Ptl-C::: ?5(l) A. In the stable state the molecule is 
o 

coordinated to three platinum ator:ls, Pt2-C= 2.2(1) A, pt4-C= 2.6(1) 
o 

A, etc. r~eflection across ttle dashed verticle line is a symmetry 
thf:: 

operation for the surface, hence/two carbon atoms are in equivalent 

bondinq positions in each structure. 
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APPENDIX FIGURE CAPTIONS 

Fig. Al Calculated I-V orofiles for CZH Z on Pt(lll) showinq the almost 

negligible effect of an expansion in the CC bond length from the' 
° , 0 

C::C length of 1.20 A to,the C=C lengt", of 1.34 A. The results 

are shown for low-index fractional-order beams at near-normal 

beam incidence. 0= 8°. 

Fi(j. /\2 Calculate::! I-V profiles fOt, CZI1;. on Pt(lll) sho\lJin~J the gellerally 

1 O\~ sens iti vi ty to hydroqen ci s-belldi n9. l~ote the reversal'; n 

relative intensity for the doublet peak at E- 60 eV for the 

(~~) oeam as the hydrouens are bent aVJay from the surface. 

Fiq. /\3 Calculated I-V profiles for C
2

112 on Pt(lll) shmvin9 the effect 

of variation of the carbon muffin-tin radius (rr) and a change 
, ~ 

(6.\1 ) in the relative levels of the overlayer and substrate 
o 

potent'i a 1 s. 



-34-

(0) 
H" C = C/H 

7T I Complex 
. M (Atop) 

'. 

(b) 

- d l - CY 

(d) 

XBL 772-5046 



., '. 

Carbon Phase Shifts, 81 
1T/2 

-1Thl ___ ~::::~==~~'~~==~==~ o 30 60 90 120 150 180 
Electron Energy (eV) 

XBL 767-7143 

<-



-36-

0 C\I 
00 V 

I'-
I 

I'-
<D 

~ 

"-
...J 

0 m 
to X 

~ 
GO 

A 

en -- 0 
C\I_ 

~ 

en - > 
Q) -Q) 

en >-
·0' 0' 
~ 
Q.. 

... 
Q) 
c: 

c: 
Q) 

0 

0' 

W 

0 

en c: 
0 ... ... -"0 u 

>- Q) 

I 

" W 

~ 0 
<D 



-(/) -c: 
:::s 
>. 
~ 

0 
to.. -~ 
~ 

,g 

>. -(/) 
c: 
Q) -c: 

....... 

-37-

Acetylene· on Pt{1I1) 
M eta stable Structure 

Bridging 

Triangular 

di - (J 

Atop 

,~~--. 

Experime~t 

o '20 40 60 80 100 
.' Energy (eV) 

XBL 772-5068 



-en -c 
::J 

~ 
~ 

0 
~ -.0 
~ 

0 -
~ -en 
c 
Q) -c ...... 

a 

-38-

Acetylene on Pt (III) 
Meta sta bl e Structure 

Bridging 

Triangular 

di - a-

Atop 

Atop + fl 

Experiment 

20 40 60 8.0 100 
Energy (eV) 

XBL 772-5069 

5' 



: 

-(f) ..... 
c 
::J 

~ 
"-
0 
"-..... 

..0 
"-
0 -
~ ..... 
(f) 

c: 
Q) ..... 
c: 
I-t 

o 0 'Ii o e:~. 6 Of !-~ :'~ 8 
' ' (,,, -'" ." 

-39-

Acety rene on Pt (III) 
Meta stable Structure 

8=4 0 cp=Oo 

Tri angu lor 

di- a-

Atop 

Atop + fj 

Experiment 

o 20 40 60' 80 100 
Energy (eV) 

XBL 772-5065 



-(I') 

+-
c: 
::::J 

~ .... 
0 .... 
+-

.0 .... 
0 -
~ 
+-
(J) 

.c: 
QJ 
+-
c: ...... 

-40-

'Acetylene on-Pt(lll) 
Metastable Structure 

Triangular 

di - 0-

Atop 

Atop+~ 

o 20 40 60 80 
Energy (eV) 

XBL 772-5066 

7 

..... 

.. 



.; 

-en 
+-
c: 
::l 

~ 
"-
0 
"-
+-
.a 
"-
0 -
.~ 

+-

en 
c: 
Q) 
+-
c: 
~ 

0' 

(} . .i~ 6 0 

-41-

Acetylene on Pfeil!) 
Metosta ble Structure 

-
(~~)Beom 

Triangular 

di - (J 

Atop 

Atop + 11 

2040 60 80 100 
Energy (eV) 

XBL 772 - 5067 



-(J) -C 
::1 

~ 
'-
0 
'--..0 
'-
0 -
~ -(J) 

c 
Q) -c ....... 

o 

-42-

Acetylene on Pt (III) 
Metastable Structure 

20 40 60 80 
Energy (eV) 

q 

Bridging 

Triangular 

di - (J 

Atop 

Atop + ~ 

Experiment 
I 

100 

XBL772-5064 

-.. 



J 

. ,. 

O· 1J' 
~;), 

Vl --c 
::l 

>. 
~ 

0 
~ --..0 
~ 

0 

>. --Vl 
C 
(l) --c 
~ 

4 0 
-43-

Acetylene on Pt (I") 
St 0 bl e Stru ctu re 

Atop 

d i - 0-

Triangular 

(0 1)Beam = 0° 

xl 
5 

Atop 

di -0-

Triangular. 

o 20 40 60 80 100 
Energy (eV) 

XBL 772-5050 

.' 
/0 



-f/) -

-f/) 
c:: 
Q) -c:: ...... 

-44-

Acetylene on Pt (III) 
Stable Structure 

d i-o-

Bridging 

Triangular 

Experiment 

o 20 40 60 80 100 
Energy (eV) 

• XBL 772-5051 

11 

. . 



. 
. , 

0 0 "jJ 

-en -

to.... 
o --en 
c 
Q) -C 
I-f 

0 A·~ 
,..~ 6 U :} S ~~ -"l" I 

-45-

Acetylene on Pt(lll) 
Stable Structure 

di - (J 

Bridging 

~--"""L--..... Triangular 

Experiment 

di - 0-

Bridging ----
Triangular 

....-- . 
Experiment 

o 20 40 60 80 100 

Energy (eV) 

XBL 772-5052 



-(f) -'c 
;:) 

>­
'-e 
.~ 
..c 
'-

-46-

Acetylene on Pt (III) 
Stable Structure 

di - CT' 

Bridging 

Triangular 

Experiment 

S ~--+---4---~---4----~--~ -(f) 
c 
Q) -C 

H 

di - a­

Bridging 

'- -~- Triangular 

o 20 40 60 80 100 

Energy (eV) 

X BL 772-5053 

t8 

,. 



. 
" 

; 

-en -

~ 

o -

-47-

Acetylene on Pt (III) 
Stable Structure 

(aT) Beam 

di-o-

I 
Bridging 
I 

Triangular 

- ~--+---~---+----~--~------~ 
en 
c 
CI.) -c 
~ 

(T 0) Beam 

di - 0-

I 
'""--- Bridging 

Triangular 

Experiment 

a 20 40 60 80 100 
Energy (eV) 

XBL 767-7146 

1.1 



--48-

M t 0 

E~---'---I:l~~ ------/1 "-' 0.25 A 
f 

'. 

s 

XBL 772-5063 



, 
. 
i 

(f) 

c: 
Q) 

-49-

Acetylene 'on Pt (III) 

e =8°, if; =0° 

Theory 
Triangular Site 

c=c 
C=C 

c=c 
C=C 

- ~-+--~--+---~-+----~ c: ...... 

c=c 
~ C~C 

o 20 40 60 80 100 
Energy (eV) 

XBL 772-5048 



-50-

Acetylene on Pt (II/) 

B= 4~ ¢=oo 
I Theory 
_ I Triangular Site 

(~~)Beam 

ex= CCH Angle 
120 0 

135 0 

150
0 

160
0 - ~~--~--~--~~------~ 

~ 

a --
(f) 

c 
Q) -c ........ 

(ll)Seam 22· 

ex -
120 

o 

1350 

150
0 

a 20 40 60 80 100 
En ergy (eV) 

XBL 772-5049 

. . ,. 

. 

. , 



'. " 

,. 
(, 

O~- 'O~'- } (i ,ill 1,.. Ill,,!. ~;:;, 4' 4'-, - ~ : !.J ., ,\" ..... ~_ ,.., 0 

-

.0 
"-
o 
---

(/) 

c 
OJ -C 

....... 

.. 51-

Acetylene on Pt (III) 

-
(~ ~)Beam 

Theory 
Triangular Site 

fJ.Vo 
(eV) 
-5 
o 
a 

rc 
(a.uJ 
1.50 
L 14 
, 

1.50 

fJ. Va rc 
(eV) (a.u.) 

- 5 I. 50 

o 1.14 

o 1.50 

o 20 40 60 80 100 
Energy (eV) 

XBL 772- 5047 



· , 

U J ,,)-'0 J 

This report was done with support from the United States Energy Re­
search and Development Administration. Any conclusions or opinions 
expressed in this report represent solely those of the author(s) and not 
necessarily those of The Regents of the University of California, the 
Lawrence Berkeley Laboratory or the United States Energy Research and 
Development Administration. 



TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 




