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ABSTRACT An ultra high vacuum experimental study of acetylene chemisorption

on'Pt(lll) and Pt(100) and of the reaction of hydrogen with the acetylene

- adsorbate has established distinguishing features of'carbon-hyd:ogen bond

breaking and making processes as a function of pressure, temperature, and

surface crystdllography. Thé rates for both processes are substantially

higher‘dn the Pt(100) surface. Net acetylene-hydrogen processes, in the

temperature range of 20 to “v130°C, are distinctly different on the two

surfaces: on Pt (100), ‘the net reaction is hydrogen exchange (H-D exchange)

and on Pt(11l), the only detectable reaction is hydrogenation. Stereochemical

differencés'in the acetylene,adsorbate structure are considered to be a
contributing factor to the differences in acetylene chemistry on these two

surfaces.



\l

indicated the C.D

Essential to an in-depth understanding of hydrocarbon chemistry
mediatéd at metal surfacés‘is the delineatioh.qf the SurfaCe electronic,'
topologicél and compésitional features that significantly affect carbon—
hydrogen bona making "and breaking processes. - Becaﬁse the activatibn
energy for carbon-hydrogen bondvbreaking isvtypically much lower.than

for carbon-carbon bond breaking; it is in principle, experimentally

easier to study this type of .reaction. Using primarily the techniques

of thermal desorption spectroscopy, displacement reactions, and

isotopic labelling under ultra high vacuum conditions, we had success-

fully defined molecular features of benzene and toluene dhemistry on

‘a range of nickel'surface planes_.l We describe here an analogous

study of acetylene chemisorption and-aceﬁylene.reactions on the flat

platinum.(lll) and (100) planes. This study establishes the temperah

tureé required for carbon-hydrogen bond making and for carbon-hydrogen
bond breaking for the acetylene molecule on these platinum surfaces

and also sets certain limits for the. compositional and stereochemical

features of the chemisorbed species derived from acetylene.

EXPERIMENTAL

Reagents.‘ Acetylene, purchased from tﬁe Matheson Company, was passed
through a -78°C cold trap before”adﬁission to the maniféld leading to
the ultra high-vacuum chambér. Perdeuteroacetylene, 99 atom % C,D,,
was purchased from-Mérck.and éompény, Inc.; mass.spectrometric analysis

205 concentration was v95%. Hydrogen.(99.95%).and

deuterium (99.7%) were purchased from the Matheéon Company and Liquid

Carbonic, respectively.
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Procedure. The basic ultra high vacuum system, the experimental
pfotocols, and the source aﬁd the cleaning procedure forvthe platinum
(111) crystals have been describea in full in earlier'papers. - The
cleaning procedure for Pt(100) is that described by Fischer, Kelemen
“and Bonzel,5 aﬁd'fheicleén platinum surface genefatea showéd the 5x20
low energy electroh aiffraction pattern. The 5x20 surface converted
to the 1x1 strucfure with-exposure‘to acetyléne.s The 1x1 surface

is stabilized by the presence of acetylene and is present during the

hydrogenation and dehydrogehation processes discussed in this article.’

RESULTS

Acetylene isvthe simplest unsaturated hydrocarbon. Its_geometrié
structurg, electronic»structure, and organic chemistry‘are quite.
érecisely defined.6_8 Thé molecular details éf acetylene interactions
with inoréanic and organométallic cqmpléxes also are felatively well-

defined.g'lo

Catalytic acetylene chemistry based on solid state or
solution state catalysts is well-explored in terms of reaction products
although the molecular features of thefcatalytic reaction mechanism

are not fully defined.>’>’!t

The basic features of acetylene chemi-
sorption on metal surfaces is a much investigated area, especially
the chemisorption of acetylene on crystallographically defined metal
surfaces under ultra high vacuum conditions. However, full under-
standing at the molecular level has not been reached for the acetylene
surface case. A careful analysis of the acetylene surface science

. 12-28 . . . . 12
literature (an excellent general discussion is that of Demuth™ ')

reveals certain complications common to surface chemistry, especially

hydrocarbon surface chemistry. -The complications are fully recognized



by the surface scientists but are often ignored in the discussion of

specific scientific investigations. ‘Critical limitations or compli-

cations are:

(L)

(2)

(3)

(4)

-As the compléxity of the adsorbate species increases

from an atom to a diatomic to a polyatomic molecule,

‘the probability that compositionally or stereo-

© chemically differentiable adsorbate states will be

formed under a specific set of experimental conditions,
generally increases.
The sensitivities of the various common electron spectro-

scopic or diffraction techniques to a given adsorbate

‘species obviously are not,necessarily'directly related.

Thus, in ‘the case of chemisorption’of a molecule that

gives‘rise to two or more differentiable adsorbate

_species, the possibility arises that different techniques

will primarily sense different adsofbate»spgcies. Lowv
energy electron diffraction fdr example senses oﬁly
adsorbates that have ;ggg_range‘érder.

The lifetimé‘of a cheﬁisorptiqn state or set of states is

finite.. This staté_may alter during the time period

-of a spectroscopic or diffraction study and, of course,

the.elgqtfcn or photon beam may effect surface state
trénsformations.V ;
Thé character of the chemisorptibn.state can be a very

sensitive function of:témperature, prégsuré (background

pressure) , surface contaminants, and surface coverages.

Molecules present in the ultra high'vacuum system can and
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do react with fhe metal.surface or with the chemi-

sorbed species. in faét, aS-it_is now r-ecognized,2

hydrégen reacts with écetylehe chemisorbed on Pt(111l).
(5) In specific spectroscopic or diffraétion studies; there

naturally are éttempts to énhance spectral or diffraction

features. In these attempts, time scale or seemingly

minor'temperature) preésure or coverage variations

ma&inot be explicitly reported--vet minor excursions

in such -experimental variables may.wreak'substéntial

changes in surface adsorbate species.

All of these are real proﬁlems for the seemingly simple system.of
acetylene chemisorption on metal sUrfacés_and‘are particularly evident
for the chemisorpti6n>of acetylene on Pt(lll)..

The states of acetylene chémisorption on Pt(lil) have been

examined by thermal desorption spectroscopy,l3 ultraviolet photo-

emission'spectréscopy,12—14'16'low energy electrbn c1iffractio_nl7—22

and high resolution electron energy loss spectroscopy.23—26

Most scientifié atténtidn has been given recently to the data and
conclusions derived from the last two techniques. Althoﬁgh originally
the data from these two techniques were reféfenced to a "stable"
Pt(lll)fczﬁz state, the data are relevant'only'to a s?ecies or set

of species génerated 5y a higher temperature reaction-between hydrogen

and the originél chemisorbed acetylene species (vide infra). This

L o 1,2: 23-26
adsorbate has been described as CH'C21'22,VCH -

3 3

2cnl3'and as CH.CH.

Careful photoemission studies done as a function of temperature for

CoH, chemisorbed on Pt(111l) at or near 20°C are reported to be consistent

12~ . s
with sigma bonded HCCH or CCH, species. 14 Analogous. photoemission

studies for Pt(100)-CyH, at 20°C suggest that the major adsorbate is

5
a complexed HCCH species. r15



Our studieslof acetylene chemisorption on Pt (11l) and on Pt (100),
definitively establish the temperatures at which C~H bond breaking

and bond making processes occur at moderate rates.  Our detection of

carbon—hydrdgen bond breaking~at low températures, 20-135°C, was

based on isotopic labelling or exchange 6f-hydrogen and deuterium

“and the established fast site exchange of H and D atoms on'a-metal

"surface. This probe sensed only those surface carbon-hydrogen

bond breaking pro¢esses in which a C-H bond was converted to a

Pt surface-H bond ahd.invwhich the Ptgurface~H species had a finite

1ifetime. A carbon—hydrogen bond breaking process for an adsorbed

HCCH species that proceeded simply by a 1,2 shift»bf,a hydrogen atom

to gibé.¢CH2 would not be detected by éu; experimehtal procedure. |
Conéistent with earlier reports, we found that the £hermal

desorption spectrum for Pt(111)-CyHy, fbrmed at 0-20°C, consisted

of two broad hyarogen (Hy) desérption peaks.with maximum desorption

rates occu¥ring at 240 and 380°C wiﬁh»rélative intensities of 

i:l. - For Pt(lll)fézDz, ﬁhe two D, thermal desbrption maxima were

at 245 -and 380°C. At-high ihitial acetylene coverages (>0.5 to 0.6

of a monolayer), the thermal désorption spectrum for-Pt(lli)?Csz also

showed a small (<25%) re?ersible désorption.peak for acetflene ét 160?C.

At comparable high coverages, Pt(lll)-CZH -C2D2 showed all three possible
acetylene moieéules desorbea at v160°C, Attempts to;displace acetylene
from'Pt(lll)—Csz'a£'20°C with strong field ligands like trimethyl-

phosphine‘and methyl ichyahide were unsuccessful—in sharp contrast

to the facile displacement of benzene from Pt(lll)—C6H6 by trimethyl-

phosphine. However, thermal desorption of acetylene from Pt (111) -

C2H2-P(CH3)3 did yield far more acetylene than did an analogous



acetylene coverage Qﬁ Pt (111) alone. No benzene was detected in thermal
desorption expériments involving Pt(111)-CyH,.

Thermal desorption of hydrogen from Pt(1lll) is a sensitive funcﬁion
of coverage andihéating rate but the typical range for the ma#imum

following adsérption near 20°C is v50-150°C; the temperature maximum -

for deﬁte;ium is slightly higher than for hydrogen at comparable
. coverages. |

A Pt(lll)-H—CzDé surface was formed. at tempeiatures in the range of
-10 to +50°C by first chemisérbing hydrogen and'then perdeuteroacetylene.
Thermal deSorption.immediately following the adsorption processes yielded
én‘Hz maximumat 120°C, characteristic of a Pt(111)-H surface; no D, or HD
was detected in this low temperature rééion. Chéracteristih of Pt(111)-C,D,,

there were two D, desorption maxima at "~245 and 380°C. " A small HD

2
désorptidn maximum at 245°C and a:very small HD maximum at 380°C were
also observed. The éppeafance Qf_HD.is ;a:gely ascribed to the overlap
of the broad 120 and 240°C desorption peaks for Pt (111)-H and the low
temperature aéetylene decompésifioﬁ procéss, respectively, and to a
'small_amount (&5%) of C,HD impurity in the C,D, sample.' Hence; under-
these conditions, there was no detectable feaction bétWeen C2D2 and
the hydrogen atoms on the surféce.' |
In contrast to the above experiment at 20°C and low hydrogen
surface activitiés, Pt(lll);H—CzDz surfaces when heated to temperatures
above 50°C for periods of about 1-5 minutes yielded a significantly _ "
- different desorption pattern as shown in Figure 1 for a 135°C reaction.
As in the ldwer_températuie experiments, only Hp showed a desorption

maximum in the temperature region characteristic of Pt(111)-H(D). All

changes were in the 240 and 380°C peaks. Substantial Hp and HD maxima
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- of Somorjai and coworkers.

" were observed near 240°C with small maxima for these two molecules at

-v380°C. The integrated Hp, HD and D, intensities for the 260°C and

400°C maxima were in the relative ratio of Ipsgon > Iygqo, With an
apparent maximum ratio of about 2:1. The results establish that no

Pt

surface™P bonds are broken up to 135°C and'that the net reaction

between C2H2(C2D2) and H adsorbed on this Pt(lll) surface is

hydrogenation. -

The hi@her_température (50-135°C) reactions between adsorbed

C2D2 and H on Pt(111) indicated that reactions should occur at a

measurable rate at 25°C. To test this implication, a Pt (111)-C3Do

‘surface, generated and maintained at'20°C, was treated to an Hjp

atmosphere of 10~7 torr for twenty minutes. A subsequent thermal

-desorption experiment established that carbbn—hydrogen bonds_had

been formedunder these COnditioné_and that no carbon-deuterium

boﬁdsthad been cleaved: there Was only an Hzidesorptioﬁ peak in tﬁe
low temperature region'charactefistié of Pt(111)-H, a Qery small Hy
and 1argerbHD and D2 peaks at 240?C, and essentially only Hb (small)

and D, peaks at 380°C.

272

In the thermal pretreatment of Pt(111l)-H~C_.D.,, there was a
direct correlation between the increase in the Hjp and HD desorption
peaks at %240'and 380°C, and the development of a 2x2 low energy

electron diffraction pattern for Pt(111l)-H-C,D,, which pattern is

‘the diagnostic feature for the aCetylene'adsorbate species identi-

21,22 o e . :
v' - as CH3C in the low energy electron diffraction studies

21,22
Acétylene.chemisorbed_on Pt (100) in an irreversible fashion.

Rapid heating of'Pt(lOO)—C2H2

(or C2D2) yielded no detectable



acetylene or any other hydrocarbon such ésvbenzene, Hydrogeh, formed
by carbon~hydrogen bond scission of acetylene,adsorbed at coverages
of 0.5, evolved with two major désorption peaks at v260 and 320°C.
- There were, however,'édditional small maxima, and the spectral profile
was dependént upon coverage as shéwn in Figﬁre 2. No attempt is made
here to mechanistically interpret the fine structure of the desorption
- Spectra: bécauge the platinum 5x20 == 1x1 surface reconstruction
" is a function of adsorbatévcoverage and potentially a.function of
temperature, thefe'is a reasonable probability that theré are more
ﬁhan one structurally or-stereochemically differentiable adsorbates
deriVed.from_Pt(loo) and.acetylene. |

The chemistry of acetylene op‘Pt(lOO) was sﬁbstantially different
from that on Pt(lll) in that carbon-hydrogen bond makinévand also bond
“breaking was far more faqile on:Pt(}OO), Exposure.of Pt (100)-C5D5, |
formed at 20°C, to a hydroéen pressufe of 1077 to 10711 torr er a
period of 5-15 minutgs yielded adsorbate species that contained a
substantial amount of carbon-hydrogen bonds as evidenced by large‘Hz
and HD desorption maxima at 260 and 320°C in the subsequent thermal
desorption (decompésition) éxperiment. A slight moaification.of
this experiment established thét carbon-deuterium bond bréaking

occurred at 35°C. A Pt(100)-C.D

5 2'state‘formed at v35°C was treated

.with Hy at 10~6 torr for 10,minutes.' Then the thermal desorption
(decompositioﬂ) experiment was performed; Tﬁe major desorption peaks
in thé region characteristic of carbon-hydrogen boﬁd breaking were |
largely those of H, and HD with only a small amount of D,. Hydvrogen-=
deuterium excﬁaﬁge at the adsorbate carbon sites was nearly complete
under these conditions. All integration data indicated that the net

reaction on this surface was H-D exchange.
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At highér tempefafures of 70-130°C, exposure of Pt(lOO)FCZD2 to
a hydrogen pressure of 107 torr led to a rapid hydrogen-deuterium
excﬁange. Aftér'exposure of‘several min@tes, the-thermal desorption‘
spectra.consistedAlargely of Hé with only traée amounts of HD‘and

no Dy detected at the two major desorption temperatﬁres characteristic

of the carbon-hydrogen (deuterium). bond breaking processes.
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DISCUSSION

Isotopic'labelliﬁg of the acetylene—hydrogen reaction bn the two
atomically flatrplatinum(lll) and (lOO) planes has allowed identifi-
cation of the temperatureS'at thch cérbon-hydrogen bond making and
bond breakiné progesSes proceed at‘moderatg ratés under low hydrogen
presures of lOf7 to lOfll.torr. Quantitatively and qualitatively,
the aéetylene—hydrogen reaction is different on the Pt(1l1ll) and
ft(lOO) surfaces. The most diétinguishing feature fbr Pt (111) is
the absence of measurable carbon-hydfogen bond breaking (to form

- Ptgurface~H species) up to temperatures of at least 120°C whereas

the process is detectable at 20°C for Pt (100). For Pt (100), the

net reaction between adsorbed acetylene and hydrogen atoms at 20

V,.to 135°C is hydrogen exchange (H-D exchange) whereas on Pt(111),

the only reaction is hydrogenation.

" In the inifiél interaction of acetylene with the
‘flat Pt(lll)_surfacé plané, tﬁe carbon-carbon bond probably is in
- a plane nearly parallel to the.metal surface plane in order to
allow maximal overlap of the 7 and w* acetylene orbitals with-
appropriate metal surface orbitals. The situation for the Pt (100)
flat plane may be énalogous but the péssibility of significant'
tipping of the C—C.bond vector with réspect to the surface plane
is higher (see Figure 3); At_moderéte temperafures, there should
be some feofganizationv(often referred‘to:as rehybrization of'the ,

HCCH frameworks’lz’lB’15

), and if molecular metal coordination
chemistry is én appropriate gﬁide for.thi; acetylene chemistry,
the two carbon-hydrogen VecﬁorS‘should be tipped, within'a plane
normal to the surface and away from the surface plane. This type

. . . . . . S e 12,13
of interaction is consistent with ultraviolet photoemission data "’
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11
for Pt{(111)-CyH,. Furthermore, the relatively high activation energy .
required for -carbon-hydrogen bond scission (to form Ptsurface—H species)

on Pt(lll)-C2H2 strongly implicates a stereochemistry in which the C-H
’ ' ‘ 29-31

hydrogen atoms are wéll—removed from the surface metalvatoms.
!Carbon-hydrogen bond‘séission for what was: initially Pt(lll)-CéH2 . was
heasurably fast only.at temperatures‘hear 240°C jthis statement relates
'tO'the time séale of seqonds and bressures of %10'10 torx df;the thermal‘
desorptioﬁ exéeriment)._ Répia carbon—hydrégen b§nd breaking - (to formv
Ptgurface—H species) was not observed‘e§en at 135°C within a time interval
of minutgs for the Pt (111)-C,Dy state, formed initially at 20°C. Thus, o
followiné the above reasoning, Qe"suggest that the adsorbate species |

formed from the hydrogenation‘of-Pt(lll)-Czﬁ does not have any of the

2

'_hydrogen atoms near the surface metal atoms. Of the three models

21,22,28 crycnt3732 ang cugen®28

propqséd forvthis'specieé, Cﬁ3C,
the first,an ethy;idyne species'proposed by Kesmodel, Dubois and
Sohorjaizl’22 to have the C-C>bond:vector normal to the surface plane,
is fully consistent with our Chemical'and'isptopic‘labelling experiments
Simply becausé.thiS‘mbdel would have all hydrOéén atoms far removed.
from the surface plane. This éonsideration does ggﬁ_exclude the oﬁher

: . . L : ... 29
two proposed models because either of these could have a stereochemistry

such that all hydrogen atoms would be relatively distant from surface

metal atoms.

In contrast to Pt(11l), we found carbon-hydrogen bond breaking in

the acetylene adsorbate on Pt(100) to be measurable at temperatures

of 20°C. 1In light of this facile bond breaking process and of the

ultraviolet photoemission datas_'15 which are consistent with a slightly
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reofganized or "rehybridized;'s'15 acetylene framework for‘Pt(lOO)-CéHz,
we.suggest thaf either the C-C bond vector is tipped with respect to
the metal_sufface plane or that the HCCH édsorbate species‘is not
coplanar through some torsionalbdeformaﬁion, a deformation disCuésed

by Felter andvWeinberg.'Z7 | Either possibility coﬁld bring one or

both hydrogen atoms sufficiently close to the surface as fo generate

a C-H-Pt multicenter bond,29-31'

and thefeby enhance the probability -
of facile carbon-hydrogen bond breaking and ultimately an exchange
prbcess. Recently, Casalone, Cattania and Simonetta33 have prbposed

on the basis of a low energy electron diffraction study of Ni(lOO)—CzH2
that the CQC bond vecto;.is tipped‘by ééme 50° from the surface plané—?
a value close tO'the geométric estimate noted in Figure 3._

It is important to note that in all results and discussions
relating to the particular procéss of carbon-hydrogen bond making thét
the rafes are a Very sensitive function of hydrogen pressure which .
establishes the_thermodynamic activity'of‘thé éurface hydrogen.atoms.
The low rates reported herein are simply a reflection ofvthe very low
pressure conditions. ‘HYdrogen and gcetylene afe converted to ethylene
and then to ethane on a platinum surfacevat'ambient pressures and
temperatures althbugﬁ even ﬁndei these conditions the rates ére not
exceptionally high. We'séw no evidence that the adsorbate was removed
from theth(lOO) surface, presumabiy as ethane, by flowing hydrogen vv »
over the Pt(lOO)-C2H2 surface at 20°C and 10'6_torr pressure within

a 25 minute period as judged by BAuger analysis and by a final thermal

desorption experiment.
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In the fhermal decomposition of acefylene‘in Pt(lil)—CZHz
formed at 20°C, the relative intensities of‘the two Hp desorption
peaks are approximately 1:1 suggestive of an intermédiate C,H state
in the thermal decoﬁpbsitiqn.of'Pt(lll)—Czﬂz; This may be the case,
but we do not believe that these data alone allow such a conclusion
becauée of the’very“broad_cha#acter 6f'the two desorption péaks
(there may in fact be more than‘two desorption.péaks) and because
of the possibility that morg than one differentiable adsorbate.
species is present at these higher femperatures. The relative
intensities of.the'two hydrogen desorption peaks for,tﬁe,higher

temperature species generated from'Pt(lll)—CZHZ and hydrogen are

-approximately 2:1, suggestive of'a.C2H3.adsorbate species; however,

for the reésons stated above, we do not believe that the data from

the desorption (decomposition) experiments alone allow such a -

conclusion to be made.

We note a curious. coincidence in the temperature for the
maximum raté of hydrogén evolutién in the highest temperature
decomposition process.fof Pt(lll)%Csz. The temperature is
%386°C. It is coincident with the highest temperature decomposition

peak for Pt(lll)-CzH Pt(lll)—C6H6,'and Pt (11l1)-cyclohexene. This

4’

may be no more than a coincidence or it may reflect a common feature

.in the ultimate decomposition mechanism on this platinum surface of

hydrocarbon adsorbates or at least certain interrelated hydrocarbons

(ethylene can be>dehydrogenated to acetylene, acetylene can be cata-

lytically trimerized to benzené, and cyclohexene can be dehydrogenated
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td benzene on platinum). For Pt (100), the aéetylehe desorption
spectrum is a functioh of adsdrbate coverage in tha£ there is no
high temﬁerature hydrogen peak at low cpvefages (Figure 2).
Benzene shows a.différent coverage dependence; nevertheiess,
benzene and acetYlene have similar high temperature H, peaks
at high adsorbate coverages on Pt (100). : ' _‘ %
In summary, we note that the substantive differences in the
acetylene sﬁrfacé chemisﬁry between Pt (111) and Pt (100) appear to
be intimately associated wifh the‘topoéréphiéal differences
between these two surfaceé. Simi;ar,differences may be observed
for acetylene chemistry on other second and third row Group VIII
metal surfaces which can be directly related to the topographical
features of the ﬁetal substrate.. -
‘Salmeréh_aﬁd Somorjai have studied H-D exchange reactions,
mediéted on ; Pt(ill) surface, bétweenlDz and a variety of hydro-
carbons including aéetylene.34 Their expérimental results fqr
acetylene on Pt{11il) are.similar to those described in this

article.
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heating rate was 25°sec™} and. the rate was linear above ve0°C) .

19

 Figgre 1. A.Pt(lll)—H-CzDz surface was formed at Vv20°C and then was

heated to 135°C for one minute. After cooling to “35°C, the thermal
desorption (decompositibn) experiment wés performed. Presented
above are the thermal desqrption spéctra'in which the deso:ption;of
Hy, Hb and ‘D, were moni#o:ed*by mass spectrbmetry. Plotted are the
mass 2,3 and 4 ion inteﬁsities'as a_function of témperature (the

| : fhe'
low'temperatu;e:maximum fér Hy is in the region characteristic of

Pt(lll)-H. The absence of HD or D2'désorption in this low temperature

. range established unequivocably that C-D bonds were not broken at

measurable rates to form Pt -H bonds up to and at 135°C within

surface

the time scale of this experiment. The high temperature desorption

_maxima at v240° and 380°C characteristic of C—H bond breaking for

the adsorbate speciesAaré detectable for all three species _H2, HD
and D5, showing that C-H bonds were formed in the surface reaction

of H.and C2D2 at‘temperatures of 135°Cv(°f below). The much larger

_.intensity of the 240°C desorption peaks relative to the 380°C peak

for Hy and HD does not necessarily imply that specific (in a

. structural or stereochemical context) C-H(D) bond tYPGS are broken

at 240°C; the intensity differences'max reflect largely a kinetic

isotopic effect.
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‘Figgge 2. Illustrated above are the hydrogen desorption spectra

obtained by Fischer, Kelemen and Bonzels, for the thermal desorption
(decomposition) of Pt(lOO)-CzH2 as a function of fractibnal-coverage,
6, of the platinum.surface. The essential desorption iine shapes

and the temperatures'forsthevdesorption maxima Werevfﬁlly reproduced

in this present study; the temperature maximum for D desorption from

Pt (100)-CyD, -were shifted to slightly higher temperatures, v5°. The

weak, lowest temperature maximum observed for this Pt (100)-C,H,

‘system is close to a maximum observed for Pt{100)-H and, therefore,

may represent‘desorption'of Hy from Ptourface™8 species formed by
partial ‘dehydrogenation of the acetylene adsorbate at temperatures

between V50 and 160°C.
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‘Figure 3. This is a scale photograph of a three-atom and four-atom
section of Pt(111) and Pt(100) with the two carbon atoms (smaller
dark spheres) of.a HCCH adsorbate that illustrates the topographically-
defined potential for tipping of the C~-C bond vector of tﬁe acetylene
adsofbate, with the consﬁrainﬁ that both carbon étoms maintaiﬁ a
bonding interaction witﬁ surface platinum atoms, with respect to the
surface élane for the two platinum surfaces. This potentia; for
tipping cbuld bé_realized in the adsérbate ground state structure or
in thermally excifed'stateé. Clearly, the“potential»is greater for
the (100) surface. With C-C bond distances in the‘rahge of 1.30 to
1.40§, the.angles generated by the C-C vector and the surface plane

"is ~13 and 45° for the (111l) and (100) surfaces, respectively.
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