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ABSTRACT

The coordination chemistry of‘benzene and toluene on Pt(1l1ll) and
Pt 6(111)x(;11) has been defined by thermal desorption spectrométry,
isotopic labeling studies, and chemical.displacement reactions. Benzene
chemisorption was largely molecular'(non-dissociatvé)’on Pt (111) but less
so on the stepped surface. At temperatures above 100°C, reversible benzene

desorption and benzene decomposition were competing reactions. More than

one differentiable benzene chemisdrption_state was present on both surfaces.

Exchange experiments established that.the rate of surface migration of
chemisorbed benzege between states on these surfaces was very low. One
sharp distinction in the benzene chemistry éf the two platinﬁm surfaces Qas
that reversible C-H bond breaking occurred on the stepped_surfacé but not
on Pt(l1ll). Whereas toluene éhemisorption on nickél surfaces is fully
irreversible, toluene chemisorbed on Ptilll) was partially desorbed as the
tolueﬁe molecule at 70-110°C. Studles with C6H5CD3 and C6D5CH3 suggested

that the faster low témperature C-H bond breaking process is centered on

the methyl group C-H bonds. Chemisorption of mesitylene and m-xylene on

Pt(111) was partially reversible.




INTRODUCTION

Earlier studies established the coordination chemistry of benzene and
toluene on the low Miller index planes of ﬁickei and on a stepped and a
stepped-kinked nickel surface.l This coordination chemistry study was
effected under ultra high vécuum conditions; the primary diagnostic or
chafacterization»techniques were Auger electron spectroscopy, lbﬁ energy
eleqtron diffraction, thermal désorptign spectrometry, iéotépic labeling
studies and cheﬁical displacement reacﬁionng‘We describe here an analogous
study of benzene and toluene chemiéorptign on an atomically flat and a
stepped platinum surface, Pt(1l1l) and Pt 6(111)x(111). Distinctive and
important differences in this arene chemistry between platinum and nickel
surfaces were established.

EXPERIMENTAL

Reagents and Procedures

Toluene (reagent grade), dg-toluene (Aldrich Chemical Co., 99.+%),
vbenzene,(reagent grade), and de—benzehe (Aldrich Chemical Co., 99+%) were
dried over calciuﬁ hydride érior.to use. CGDSCHsAand CGHSCD3 obtaiped fraom
Merck and Co. were used without treatment (traces of moisture did not detect-
abl& affect the.surface chemistry). Hydrogen fMatheson Co., 99.95%) and
deuterium (Liquid Carbonic, 99.7%) were used without further purification.
Trimethylphosphine was prepared and purified as described earlier.

All experiments were performed in an all-metal bakeable ultra high vacuum
chamber with a base pressure of 1010 torr.l Procedﬁfes forvchemisorption,
standardization and calculation éf Auger spectral intensities for carbon coverages on
nickel, thermal desorption experiments (heating rates of 25°sec-l) and

- chemical displacement reactions have been described by Friend and Muetterties.l
.Auger spectral intensities for carbonicoverages on platinum were calibrated with
tﬁe data obtained with the 14C (derived from 14C enriched benzene by thermal
decomposition of the benzene on the surface) and radiation analysis by Mr. S. Mark
Davisébf the UCB Chémistry Department. Procedures for cutting, polishing and

cleaning of the platinum crystals were as described earlier.2’>



Trimethylphosphine Chemisorption and Thermal Desorption Behavior on Platinum
Surfaces. '

" Trimethylphosphine was strongly chemisorﬁed on Pt(111) and Pt 6(111)x(111).
Thermal desorption yielded trimethylphosbhine, hydroéen and methane. Desorption.
maximal ratés were observed at the indicated temperatures. Pt(11l): P(CH3)3,
160°C; CH4, 210°C; and'Hz, 220 and 260°C. Pt 6(111)x(111): P(CH3)3, 234°C; CH4,
190—204°C; and'Hz, 240 and 330°¢. When trimethylphosphine and deuterium were

“and CH_.D , and

adsorbed before the thermal desorption experiment, then CH, 3 .

» H2 and HD were observed in the characteristic trimethylphosphine decomposition regions;
the trimethylphosphine that desorbed intact contained no deuterium.
 RESULTS

Benzene on Platinum(111l)

Benzene chemisﬁrption on Pt(111) bears qualitative similarities to thét
on ﬁi(lll)l although there are sigﬁificant differences. Thermal desorption
experiments showed both molecular. or reversible chemisorption of the benzene
molecule and irreversible decomposition to form H2(g) and a carbon-contaminated
platinum surface; the specific features of the desorption phenomenon are discussed
below. Like the nickel-benzéne surfacevchemistryl, this Pt (111) benzene chehistry
showed no evidence of reversible C-H bond breaking. The only benzene molecules

 thermally desorbed from a Pt (111)-CgDg-CcH state; formed (i) at 25°C and
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{(ii) at 25°C and then annealed at 80°C for two minutes or at 130°C for one
minute, were CeHg and CgDg. Additionally, thermal desorption experiments with
a Pt(lll)—C6D64H state formed at 20°C,'yielded no HD desorption peak, only H,,

in the region characteristic of Pt(11l1)-H(D). Significant éarbon-hydrogen bond

.breaking does not occur at measurable rates for Pt(lll)—CGHG(CGDG) until temperatures

in excess of 200°C are attained.

The thermal desorption characteristics for Pt(1ll)-C

1

6H6 were more complicated

than for Ni(1ll)-C_H

gHg as shown in Figure 1. At very low benzene coverages of less

than 0.05 monolayer, no benzene was detectably desorbed (a monolayer in this study
is defined as a ratio of one carbon atom per surface platinum atom). At 0.1 to 0.5

of a monolayer, there were two very broad benzene maxima at v100-130°C and 200-220°C.




The higher temperature peak saturated at 0.65 of a monolayer. Above 0.65
of a monolayer, the low temperature-maximum at v100-130°C grew rapidly in

intensity.as coverage was increased to 0.9 of a monolayer, the effective

‘saturation coverage at 25°C and 10710 torr (assuming that benzene is bound in

a plane parallel to the surface and a 7.23 benzene van der Waals radius, the
saturation coverage would be about 0;9' carbon.atoﬁsxger platinum atom). These
coverage dependence resﬁlts do not in themselves estabiish differentiabie
benzene chemisorption states for this platlnum surface because cooperative
effects alone could be respon51ble for the phenomenon. Nevertheless, the results
cited below do clearly establish the presence of morevthan one benzene chemisorption
state.

The thefmal desorption spectra showed the irreversible benzene decomposition
process, competitive with benzene thermal desorption, by hydrogen desorption maxima
at 4260 and at n380°C with relative intensities of about one-to-one(FiguresZ). For

Pt(111)- C6H6 C6D6 surfaces, all three hydrogen spec1es, H2, HD and Dz,exhlblted

,desorptlon maxima near 260°C and 380°C (D, appeared N10° higher than Hy

'in the lower temperature_peak).

The presence of more than one benzene chemisorption state on Pt(111l) and the

absence of significant surface mlgratlon of the adsorbedbenzene species were

establlshed by the following isotopic labeling experiments:

(i) A Pt(11ll) C6D6 state was formed with less than 0.1

monolaYer coverage at 20°C and then C6H6 was coadsorbed

to a total coverage of about 0.5 to 0.6. In the thermal

‘desorption experiment, no C6D6 desorptlon was. detected-—

only CGHG desorbed in the 100-130°C and 200—220°C'regions.

The-decompositicn of the strongly and irreversibly adsorbed

=

molecules was shown by the desorption of Dé and HD in

D
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the thermal desorption experiment. Thus, there was no
significant interchange ketween benzene (C6D6) in the

irreversibly chemisorbed state and benzene (C6H6) in the

reversibly chemisorbed state(s).




(ii) A Pt(lll)-CGD6 state was formed with less than a

coverage of 0.5 at 20°C and then C6H6 was coadsorbed to
a final coverage close to 0.65. - In the,subsequent'
thermal desorption experiment, the higher temperature

desorption peak was dominated by C6D6 and the low

‘ temperature peek was largely C Under these conditions,

6H6.
benzene exchange between the more tightly bound and less
fightly bound reversible states was small.

(iid) A Pt(lll)fCGD6 state with saturation coverage of
NO;Q was formed at 205C. Then this surface was exposed to
a C.H. atmosphere of 21078 torr fpr'a period of . three

minutes. . Under these conditions, most of the C6D6 was

displaced by C

He altheugh a small amount of HD and D,

6
were detected in the characteristic regions of benzene
thermalidecemposition. |

These experimehts establish that there is an initial, irreversibly.

chemisorbed state and that benzene exchanée through surface migration does

not occur between this state and states formed at higher covefages. Benzene

exchange by displacement for molecules adsorbed above the initial, irrevereibly

chemisorbed benzene staee is relatively facile, a feature consistent with

the phesphine displacemeht reactions described below. Beeause all the benzene

molecules adsorbed beyond ehe point of the irreversible chemisorption state

can Se displaced; although siewly, by benzene (labeled benzene), the two
benzene thermal desorption maxima are not necessarily indicative of two
differentiable benzene chemisorption (reversible) states. Nevertheless,
experiment (ii) cited above is suggestive of two aifferentiable reversible

chemisorption states; surface migration of benzene molecules must be very

slow between these states.
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At benzene coverages below 0.1 monolayer . .coverage, trimethylphosphine
displaced only traces of benzene. . Subsequent heating yielded a CgDg desorption
maximum at v150°C52 and then substantial desorption of HD and CH,D. Above this

coverage level, substantial (>90%) quantities of the adsorbed benzene were

displaced. Chemisorption of CgHg to ~0.5 monoléyer coverage was followed by

CéD6 chemisorption to Vv0.65 (total) monolayer coverage. In a subsequent trimethyl-
phosphine displacement reaction, both CgHg and CgDg were detected. Then, in an
ensuing thermal desorption experiment, only CgHg (peak maximum at ~150°C) and

trace amounts of HD and CH3D were detected. Clearly, these experiments

.affirm that there is an initially and "strongly chemisorbed state" that is not

significantly reversibly desorbed thermally or displaced by trimethylphosphine

at 25°C—and that adsorbed benzene does not undergo exchange'between the

.irreversibly bound state and reversibly bound states by surface migration or by

any other process. This strongly chemisorbed (irreversible) benzene state

could be either molecular or dissociative in character although no evidence

- supportive of 'a dissociative state was derived in our studies.

Benzene on Pt 6(111)x(111)

Benzene cﬁémisorption on the stepped 6(lll)x(lli) surface of platinum was
complex in character. This surface was more reactive than the (lllllsurface:
irreversible benzene chemisorption was more extensive; and most significantly,
reversible C-H bond brégking was evident for.the benzene chemisorption state(s)
on thé étepped platinum surface.

- The thermal desorption and reactivity'behavior of chemisorbed benzene

‘on Pt 6(111)x(111) was highly coverage dependent (Figure 3). At low benzene

- coverages, decomposition of benzene was the only detectable thermal process:

hydrogen desorbed with maxima of ~195°C and 355°C with approxiﬁate equal intensities




and these maxima shifted 10-20° lower at higher coverages. Reversible benzene

desorption was observed only at coverages greéter than about (.15 monolayer

(vide ihfré). At saturation coverages of about 0.7, the thermal desorption
experiment left a Pt 6(111)x(111)-C surface that contained about 0.25 to 0.30
%o' of a monolayer of carbon.

becomposition'was the prevailing thermal process for Pt 6(111)x(111)-CgDg (Fig.4)

Absence of significant dehydrogenation of benzene below 200°C, within the time

scale of the thermal desorption eXperimehts, was indicated by the absence of D, or HD

desorption in the 50 to 200°C region observed for Pt 6(111)x(111)-D. At benzene
coverages above 0.15 and up to Vv0.45, reversible benzene desorption was observed at

180-210°C. At benzene coverages above &0.45, a "new" benzene thermal desorption peak

9

appeared at v100-120°C. Benzene saturation coverage at 20°C and 107~ to 10-10 torr

was reached at n0.7. .

Thermal desorption experiments for Pt 6(111)x(111)-CgHg-CgDg formed at a total
carbon coverage of V0.5 yielded only CGHé and CgDg molecules at the low temperature

maximum of 100-120°C and all possible C HxD molecules at the high temperature

6 6-x

maximum of 180-210°C. Approximately,the molar ratios of the various benzene

molecules, C6HxD6—x' were 14, 11, 11, 13, 14, 16 and 20% for x equal to zero

through six, respectively, derived from an initial 3:4 molar gas phase mixture.

of c6H6 to CGDG.' - Reversible bond breaking occurred on this surface only at



' temperatures above 120°C within the time scale (seconds in the 120-200°C range)
of the thermal desorption experiment. Consistent with these experiments was the

cbservation that CGH D6 molecules were displaced by trimethylphosphine from .

Pt 6(111)x(lll) C6 " =C¢Dg only at temperatures of N140°C and above.

‘““m;;imethylphosphlne dlsplaced no benzene from the stepped platlnum surface unless
the coverage was greater than ~0.15, consistent with the thermal desorption experiments.
Above-such coverages, the displacement was virtually instantaneous but incomplete.

With initial coverages of about 0.5, the displacemeut of benzene was about:70-80%
complete. After trimethylphosphine displacehent was effected, thermal desorption
yielded a benzene desorption peak at 170-190°C showing that the more strongly bound
benzene had been lncompletely displaced (no low temperature, 100-120°c benzene
‘desorption maximum was observed in this experiment). For a Pt 6(lll)x(lll)-C6H6-C6D5
surface formed at.20°c; only CgDg and CgHg molecules were displaced by trimethyl« |

phosphine. Displacement of mixed CGHxDG;x molecules only occurred when the crystal

was heated to Vv140“C before displacement was effected. Thus H-D exchange required

temperatures of 140°C with a background pressure of Nlb;lo torr. Consistent with
vthese results, no HD molecules were formed below v130°C from Pt 6(111)x(lll)-D-C6H6.
. Iucisive evidence for differentiable chemisorption states on this stepped

surface was obtained from sequential chemisorption of'CéDs and then CgHg follo%ed
by thermal desorption. The key experiment was as follows: CgDg was first

adsorbed on the stepped surface to a carbon coverage of N6.45.tor0.50 (C/Pt) and
then CgHg was adsorbed to a final total carbon coverage of 0.6 to 0.7. In the
thermal desorption experlment, CgDg desorbed largely in the high temperature region
(Tmax = 180-210°C) and CgHg in the low region (Tp., = 100-120°C). Clearly, the
chemisorbed benzene molecules do not migrate significantly between states on this
surface under these conditions otherwise exchange between the differentiable
chemisorption states would have been observed. This conclusion concerning lack

of benzene exchange between states is also supported incisively by a sequential
double label experiment in which the strongly chemisorbed state (CgDg) characterized
by a thermal desorption maximum at 180-210°C could not be displaced or exchanged

by a high fluk of CgHg whereas the weakly chemisorbed state was displaced. This

experlment is schematically outlined below (see Flgure 5)




g . | Pt 6(111)x(111) ——9525—? Pt 6(lll)x(lll)-C6D6 (saturation)‘
Celg 25°C-2 min
'10-8 torr
v :
Pt 6(111)x(111)—c6D6-c6H6
A Thermal Desorption Experiment
v

a ' ‘ CeHg (g) 100-120°C
CGDG (g) 180-210°C
' Consistently, the benzene desorbed at 180-210°C did not contain any significant
amounts of C HxDG-x CgHe 6D6L ﬁaé been present in the more

6 molecules; if both C_H_ and C

strongly chemisorbed state then C

H D
6 x

6-x molecules would have been produced in the

thermal desorption experiment as discussed above.Thus, on the stepped platinum surface,

. : . . . : - 4 . ‘ 'gﬁf
there are three differentiable chemisorption states: (a) a state characterized by B
irreversible chemisorption () a strongly but reveréibly chemisorbed state

characterized by a benzene desorption maximum at 180-210°C and (c)} a moderately

and reversibly chemisorbed state characterized by a benzene desorption maximum

i at 100-120°C.

B

-Another experiment using the displacement reaction also established that there

is more than one benzene chemisorption state on the stepped surface. At 20°C,
Cglg was adsorbed to a coverage of ~0.5 and then C6D6 was adsorbed to near

saturation coverage. Trimethylphosphine displaced both C6H6 and C6D6

at 20°C. The surface was then heated: C6H6 desorbed at 170-184°C but no CgDg
desorption was detected; large amountsof CH, and H,, with only traces of CH3D
f‘ and HD, were also formed from trimethylphosphine and benzene thermal decomposition.

- Clearly, the initial strongly bound CgHg species did not exéhange with the less

‘strongly bound CgD, species.

Toluene Chemisorption on Pt (111).

Toluene chemisorpticn behavior on the platinum surfaces was much more complex
than on nickel. Chemisorption was largely irreversible and no toluene could

be displacéd by trimethylphosphine.
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Pt(lll)-C7HB, formed at 20°C and high coverages §f Nd;é; &ielded"ip the
thermal desorption experiment a small intensity toluene desorption peak spread over
70° to 110°C with an apparent but poorly resolved doﬁble'maximum, The fraction of
toluene desorbed was less t§a@“10$i__At;¥5?e? cheragé} e.9.,0.2-0.3, no toluene was
detected in the thermal.deSOrptich experiment. Decomposition of'initially |
c:hexv.ui,sorbec],'t:t:.’!mene-d.8 was evident in the thermal desoiption experiment by the'Dz
desorption maxima at 70(very small), 215, 230 and 380°C with the intermediate 

overlapping desorption peaks having a combined intensity comparable to that of

‘the 380°C peak. For comparison, the Hy, D, and HD desorption maxima for the

specifically labéled ~ toluene molégules, CD3C635 and CH4C.D. are listed in

Tabie I with a comparison of the analogous data for CD3C6D5. There was no unequivocal
évidénce that aliphatic C-H bond breaking occurred more. readily than aromatic

C-H bo;d breaking in the toluene sp;cies chemisorbed on this plaﬁinum surface.

whereﬁs these two processes‘were cléarly’diffefentiated for the Niglll), Ni (100),

Ni 9(1;1)x(111) and Nik7(lll)x(310) surfaces. Nevertheless, theie probably Qas

some regioselectivity5§ in the C-H bond breaking on this surface with aliphatic

Cc-H bond‘breaking being more facile than that of aromatic C-H. For CD3C6H5, all
the'Hz produced appeared at high temperatures and none at low temperature, 70°C,
where D> énd HD were obser#ed. Analogously, only Hj appeared at low temperature,
70°C, in the decomposition of CH | ‘

3C6Ps5-

For the Pt(111)-C_.H_CH_-C_D_CD

653 "6°5 3 chemisorption state, thermal desorption

' yielded only C_H_CH. and C_D_CD. molecules; there was no evidence of H-D exchange

65 3 675 3

between the. toluene molecules that reversibly desorbed. These results are
analogous to those for benzene chemisorption on this close-packed surface of
platinum. |

| Mesitylene and m-xylene also reversibly chemisorbed on Pt(lll) but as in
the case of toluene, the thermal reversibility was substantially less than 50%.
Mesitylene thermal desorption was characterized by a broad peak that began at
v60°C and tailed off at ~220°C. The xylene desorption peak was also broad

and exhibited maxima at ~70°C and 125°C.




Toluene Chemisorption on Pt 6(111)x(111).

On this stepped surfaco, toluene chemisorptiop-was thermally irreversible
at initial low to.near saturaﬁion'coverages at 10”2 to 10"1_o torr. Trimethyl-AJ
phosphine did not dispiaée toluene ffom £££§ o;;f;ogjm“mm_“w“wm

In the thermal desorption (decomposition) okperiments for Pt 6(lll)x(lll)-‘
CD3C6D5, the only gaseous species déSorbed was deuterium with maxima at 100 (small),
180, 240, and 380°C. The coﬁplexity of'this'thermal.docomposition precludes
any simple inte;pretation»(as for the Ptklli)-foluene‘decoﬁposition). The only
permissable conolusion is the obvious one: there are at least four differentiable

(rates) C-H bond breaking prooesses.i In Table I are listed the thermal

decomposition data for CD3C6D5,'CD3C6H5 and CH3C6D5 on the stepped platinum surface.

he fwﬁéfﬁﬁijFé specifically labeled deuterium substituted tolﬁene"moiéaﬁieé>

suggest that the rate ofvaliphatic C-H bond breaking was higher than for aromatic
C-H bond breaking but these two bond breaking steps were not grossly different

. Sb
in a rate context.

DISCUSSION

Although there are formal similarities between nickel and platinum in
their benzene and toluene surface chemistry, there are substantial and important
differences. The most significant difference was in the reversible C-H bond

breaking process whereby mixed C HxD' molecules formed from coadsorbed CgHg

6 6-x
and CgDg molecules. No such process was observed1 for any of the nickel

4

surfaces” investigated whereas this process was relatively fast on Pt 6(111)x(111)

at temperatures of ~140°C. Such a differehce is to be expected between these two

metals. A C-H bond breaking process such as:

Msurface ‘Céﬂs —>  Mgyrface 'H'Ceﬂx

should be more favorable thermodynamically for nickel than for platinum-(for'

example, on metallic films, the Ni-H chemisorption bond energy is larger than that




. 10.
. + 6 + 7 X
for platinum, 63 -2 kcal/mole versus 57 -2 kcal/mole’ ). Consequently, the

reverse reaction 6f the C-H bond formation

Msurface M Cellx > Murface ™M

which is an intrinsically unfavorable process under the ultra high vacuum conditions

wherein the surface hydrogen atom activity is very low, should be more favorable

for platinum than for nickel.

Basically, benzene chemisorption on Pt(1lll) is molecular (nondissociative)liké
that for.Ni(lll) where benzene can be.quantitatively displaced by trimethylphosphine
and wheré_c-n bdnd breaking is meaSurably fast (ﬁinuteé) only at temperatures of

1100-115°C. Nevertheless, there is a very small ffaction of the benzene mclecuies
chemisorbed on Pt(11ll) that can neither be thermally desorbed nor displaced by
trimé;hylphosphiﬁe; The labeling g;pe:imen£ in which CgDg was first adsorbed
to <0.1 of a moﬂolayer and then CgHg was adsorbed to n0.5 of a

mﬁnolayer establighed ;hat no CgDg could be thermally desorbed or chemically
displacéd—-all the CgDg species thermally decomposed to give D, (and HD). Hence
there are at least twoadifferent chemisorptiqn states for benzene on Pt(111),
as on the stepped surface, up to a saturation coverége at 10710 to 10;11 torr.
Also, there is no exchange betweén states via surface.migration of adsorbate
species at least within the time scale of minutés, Based on sequential
adsorption‘of c6D6 and CGHG experiments, theie appeérs to be two diffe?entiable,
reversibly bound benéene states on Pt(lll); interchange (by either surface
migration or displacement or‘both) of labeled benzene bétween states was relatively

slow.

 We particularly note that this technique of separately adsorbing
different isotopically labelea molecules and then monitoring the individual
molecules for reversible'desorption and/or dgcomposition in either a thermal
desorption or chemical displacement experiment should be generally applicable
to surface studies for poténtial identification of differentiable adsorption
states of molecules and for monitoring surface migration of adsorbates between

differentiable states.9
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The major reversibly chemisorbed benzene state on Pt (11l) should be bound
to theAsurface metal atoms through interactions of the initial m and w*

benzene orbitals with appropriate orbitals of surface metal atoms with the Cg

‘ring plane parallel to the surface plane as proposed for Ni(lll)-CsH6 and Ni (100)-

1 In fact, Lehwald, Ibach and Demuthlovhave proposed this representation

C6H6.
11,12

for’Pt(lll)-C6H6 based on high resolution electron energy loss.daté.

They proposed that there are two "phases" of benzene chemisorbed (less than mono-
layer coverage) on this surface and that one is represented by the benzene C6

centroid centered over a single platinum atom and the second one by the benzene

C6 centroid centered over a three-fold hollow site. Our data provide no information
about the translational orientation of the chemisorbed benzene. Low energy electron

10,13,14

"diffraction data are not inconsistent with the Lehwald, Ibach and Demuth

conclusions_fbr Pt(lll)—CGH6 at'suBmonolayer coverages (at high benzene coverages,

Somorjai and cowoz:kers]"5 concluded from low energy electron diffraction data

6 rings were tilted with respect to the surface plane).

The benzene state on Pt(1lll) characterized by thermal and chemical displacement
irreversibility cannot be structurally defined from our data. It could be a

desorption

dissociative state (nonmolecular) but there was no evidence of a D2

peak in the region characteristic of Pt(111)-D in the thermal desorption experiment

for Pt(lll)-CGD6 (<0.1 monolayer coverage). This benzene state may be representative

of benzene chemisorbed at imperfection sites.16 "The common imperfections are

steps, and in fact, a more significant fraction of benzene chemisorbed on the

stepped platinum 6(111)x(ill)»surface was irreversibly chemisorbed as judged by
thermal desorption and trimethylphosphine displacement experiments. As established

by the sequential C D6 and C_H_ chemisorption experiments, there are at least two

© 66

states for benzene on thié steppéd surface——one is largely irreveréibly bound—-
and there is not facile interchange (adsorbate) between these states by surface

migration.




- . 1z,
There is a close correspondence between the temperatures for maximal rates

of benzene desorption from the (11l) and the 6(111)3(111) platinum surfaces (a

close correspondence was alao evident between the nickel (111) and 9(111)x(111)

surface chemistry of benzenel), Thus it is reasonable to asaume ﬁhat the:'

chemisorption states of benzene reversibly bound on the platinum stepped

surface are largely associated ﬁith the terrace planes of (111) crystallography.

We note that'steps (or step imperfections) should affect the distance
relationship between benzene C-H hydrogen atoms ana surface metal atoms. Either
ﬁy ring tipping or gsimply close approaeh of the molecule to (raised) step
qetal atoms, there shoulde be a generation of C-H-metal atom multicenter bonding which
forms can be either intermediates or transition states to C-H bond breaking (largely
1,17-19 '

irreversible) processes.

Hydrogen—deuterlum exchange between 1n1t1ally chemlsorbed C6H6 and CGDG molecules
was not detected on Pt(lll), but was established to be a relatively fast reaction
at Vv140°C on Pt 6(111)x(111). This difference in chemical reactivity between these
two surfaces ie ascribed to the obvious topographical differences between the
surfaces (see above) rather than to electronie differences between step and terrace
gsites. None of the nickel surfaces.investigated earlier1 effected H-D exchange
between chemisorbed SR and CgDg-

Moyes, Baron and Squire20 have ehown.that ﬁ-D exchange between CE.H6 and CGDG
proceeds at rates of v9% umole min—1 (m.g-t:at)'l at 0°C and ambient pressures on a
platinum wire. Two factors literally distinguish these observations from ours for
the two clean platinum surface planes: (1) the hydrogen (deuterium) atem surface
activity at ambient pressures.was many orders of magnitude higher than in the ultra
high vacuum studies and (2) the surface of the wire would have been very irreqular

" on the atomic scale. There are no obvious inconsistencies between the two sets of

studies.
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TABLE I.

' Decomposition of Toluene on Pt(111) and Pt 6(111)x(111);

SURFACE MOLECULE
CD3C6H5

Pt 6(111)x(111)  CD3CgDg

CD,CH,

CH4C6Ds

HYDROGEN DESORPTION SPECTRA

TEMPERATURE (°C) OF

HYDROGEN DESORPTION MAXIMA (INTENSITYa)

D2 :
HD:

: 70(.2), 215(0.7), 250(0.4), 380(1.0)

70(0.3),200(1.0), 420(0.8)
70(.25) 210(1.0), 380(1.0)
225(1.0), 360(1.0}) '

230(0.7), 380(1.0)

150(1.5), 380 (1.0}

70(.2), 185(1.0}, 380(trace)

: 100 (trace), 180(1.0), 240(1.0)}, 380(2.0})

170(1.0), 415{(0.7), 90(.3)
192(3), 400(2), 90 (trace)

: 210(1), 345(1)

235(1.0), 385(1.5)
200(1.5), 340(1.0)

Hy: 165(1.0), 340(trace),100 (trace)

a. Relative intensities can be compared only at the given temperature.
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Figure 1
Thermal desorption spectrum of benzene chemisorbed on Pt(11l) as a function

of surface coverage. The heating rate was 25° sec .

16.
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Figure 2

Presented in tﬁisﬁfiguretare the thermal decoﬁposition spectravfor benzene-dg
chemisorbed on Pt(1ll) as a function of initial benzene surface coverage.
The heating rates in all expériments were 25°sec” L, These spectra are’
complementary'to the spectra presented in Figure 1 and for eﬁch coverage in

the two'figures, the spectfa are. derived from a single desorption experiment.
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Figure 3
The thermal desorption spectra for benzene--d6 chemisorbed on Pt 6(111)x(11l1)
- are shown as a function of initial coverage. The heating rate in each
-1 '

experiment was 25° sec . S : ' o -
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. Figure 3.
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Figure 4

Presented in this figure are the thermal decomposition spectra for
benéenefdaéhemisorbed'on'Pt 6(ill)x(1115 as a fu@ction of initial benzene
;1- surface coverage. The heating rates.in all experiments were 25°gec™l,
Tﬁese spectra are complementary to the spectra:presented in Figure 3

and for each coverage in the two figures, the spectra are derived from

a single desorption experiment.
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Figure 5.

APt 6(111)x(111)-C6D6 state with a coverage of 0.6 C/Pt atom ratio
was £ormedvat 25°C. Then this surface was exposed to C6H6'at a pressure

of lxlo"8 torr for 2 minutes at 25°C. After evacgation

a thermal desorption experiment was performed (heating rate of 25° sec-l).
Shown are the thermal desorption spectra for C6D6 and 0636' No mixed

_ benzenes, CGHxDG-x’ were formed under these conditions.
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