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Abstract

. Gold was deposited on Pt(100) and platinum was deposited on Au(100)
single Crystal'surfaces. Annealed go]d multilayers on Pt(100) gave (5x1)
r (7x1) surface structures. The well known (5x20) structure of gold did
not occur even ati 32 Tayers. These observations imply variable interatomic
distances in the gold multilayers. Cyclohexene dehydrogenation rates were
enhanced about 5-fold relative to clean Pt(100) by one monolayer of gold on

Pt(100) and by ordered platinum monolayers on inactive Au(100).
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- Alloys formed from metalsirnGroup VIII and Tb in the pertodic table
are used increasingly as catalysts for hydrocarbon reactions.j Beneficial ?
changes in the reaction rates, selectivity and resistanee tq deactivation are
produced by alloying the chemically acttve Group VIII ‘metal with an inactire
Group Ib metal. 2 These effects have been obtained us1ng dispersed alloy ‘.
particles where it is difficult to control the compos1t1on and structure of‘
the surface 1ndependent1y. The separat1on of these experimental var1ab1es,
howeyer, is essential for the better understanding of these systems. For this
reason we undertook a study of the structure andvchemical reactivity'of‘well
defined surfaces of single crystals. In particular we investigated how the |
composition and structure of gold depos1ted on Pt(100) and p]atlnum depos1ted ]
on Au(100) single crystal surfaces influence the rate of cyclohexene dehydro-u
genation to benzene. v

Gold was deposited from the vapar phase onto a Pt(]OOi single crystal

surface that was kept at 300 K -in amounts ranging from a fraction of a |

monolayer to several layers. The surface structures were determined from low

-energy electron diffraction (LEED), while Auger e]ectron-snectroscopy

(AES) was used in conjunction with a:quartz crystal microbalance to determine
the surface coverages and mechanisn of the film growth.3 In this way the snr—
face‘coverages could be determined with an accuracy of about 10%.

_ The chemical reactivity of the surfaces was measured as a function of
gold coverage using the dehydrogenation of‘cyc1oheXene to benzene at 373 Klas |
test reaction, The UHV chamber in which the surfaces. were prepared served as-
a low pressure flow reactor. The.reactions were carried wt atrnydrogen and

-6

cyclohexene partial pressures of 1x10 = and 6x10'8 Torr, respectively. Reaction

rates were monitored with a mass spectrometer.

y

We found that



the rate of benzene formation inCreases with gold coverage on Pt(100) up
to one full monolayer. This maximum value of the reaction rate is four times
higher than that for the é]ean Pt(lOO) surface, while a pure gold surface is
inactive for this reaction under our conditions'(FiQhre 1); At gold coverages
above one mono1ayer the reaction rate decreases to a non-zero value due to the
crystal edges which remain uncovered during thé gold deposition.

Conversely, we deposited platinum:on a Au(]OO) single crystal sarface.
The rate of cyclohexene dehydrogenation to bénzene’was found to increase with
platinum coverage and ‘to reach a maximum value 5£ about 1.5 to 2 platinum layers.

of the reaction rate

This value/is about six times h1gher than that of a clean Pt(100) single crysta]
surface. The react1on rate retains that value at higher platinum coverages |
(Figure 2). T he var1atlon of the Auger signal intensities of go]d and p]at1num
as a funct1on of adsorbate ‘coverage (obta1ned by decompos1t1on of the overlapping
Auger 11nes ) contains 1nformat1on about the growth mechanism of the ad]ayer 4
The experlmenta1 data were fit with the three basic growth models (Frank-van der
Merwe, Stransk1-Kraskanov and Vo]mer Weber mode1s) We found that the Frank-
'vanckn~Merwe or 1ayer by layer growth mechanism is preferred for both the go]d
on Pt(lOO) and the platinum on Au(100) systems, The points of monolayer comple-
tion of the adlayer as obtained from the Auger analyses and the quartz crystal
microbalance were in good agreement to within 10%.3 |

The LEED patterns that were obsekved for gold on Pt(100) are shown in
Figure 3. .Deposition‘of 0.5 to 2 monolayers of ‘gold removes the reconstruction
of the clean Pt(100) surface changing the (1? ; \surface structur‘e5 6 into a
well ordered (1x1) structure. From 2.5 fo at least 32 layers a pattern occurs
that has streaks along the@(ﬂdirectfons. Annealing of the Pt(100) surface
with 1 or 2 layers of gold did not change the (1x1) LEED pattern. Anhea1ing

of 3 layers of gold on a Pt(100) surface at 673 K produced a well ordered (7x1)



A

resulted in the: : — : : - —
/ o

surface structure without spot splittings, similar to that observed in refer-
about
ence 7 for gold adsorbed on Pd(100). Heating of /20 or 30 layers ofrgold to

923 K resulted in-a (5x1) surface structure. At 1023 K. this structure changed

into the well ordered (7x1).
We have never observed the formatiqn of thg'(SXZO) reconstruction,

8,9

typical of the clean Au(100) single crystal surface *®” even at a coveragé- 6f

32 layers, the highest coverage used in our ekperiments,

7’g’mas'due to

,Pafterns of the observed type are usually Tntefpreted
the formation of a hexagonal top layer on a square lattice substrate. On this
basis,'the observed LEED patterns and the variable spot-spot distances thatfwe
observed as a function of deposit thickness and treatment can be well understood
in terms of variable bond lengths parallel to the surface in the different
surface layers. It appears that the topmost (square or hexagonal) gold layer
s always contracted by about 4% with respect to bulk gold, as proposed pre-

7

viously.” The underlying gold layers, however, have bond lengths thét vafy as

"shown in Table:I. This is a new observation that may be important in connection

with the unusual reactivity of these surfaces.
Deposition ofvp]atinum on a Au(100) Sing]e crystal surface gradually re-

moves the reconstruction of the latter, changing the (5x20) pattern8

into a
(1x1) pattern at a coverage of about 0.5 monolayer. The ;pot-spot distaﬁceS'
indicate that platinum assumes the gold substrate lattice constant, up to at
least 3 layers. More LEED experiments at higher coverages are under wéy.
The Pt 6n(Au(100) system is thermally less stable than the Au on Pt(1UU)

system, heating of platinum on Au(100) to temperatures in excess of about 413 K

N
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 loss of platinum due to diffusion into the bulk. . This is consistent with

the fact that gold;has a lower surface free energy than platinum.

During the dehydrogenatidn experiments nO‘plafinum surface‘reconstruction
was present due to the influence of the reactants, It is difficult, at present,
to provide a unique model to explain the observed enhancement of the.dehydro-
genation rqte of cyclohexene when inactive gold is deposited on a Pt(100)
;ingle crystal surface.- . More studies with systematic variations of the de-
posited mefa]_and the 5ubstrate surface structure are needed. Deposited gold
Could:certain]y block those surface sites where the hydrocarbon molecule bonds
-with several;neighboring Pt-atoms; inhibiting the competing C-C bond breaking

processes “that Tead to surface ‘deactivation by carbon depos1t10n "

As a
result the rate of C-H bond breaking would increase. We have indeed observed,
_by’AES,-ﬁhat on the,Pt(100) surfaces covered by one‘or more layers of gold no
carbon is -deposited during the reaction. On tﬁe pure platinum surface the
.react1on depos1ts 0. 5 monolayer of carbon under our experimental cond1t1ons
Due to the 4% contract1on of the gold atoms one monolayer of gold fits
in exact registry on top of the platinum. Thus the gold mono]ayer has a
square lattice in which ré]ative]y large hollows exist between the atoms,
through which cyclohexene could bind to platinum atoms in the gggggg;layer.
Unique binding of thi type may well be responsible for the observed high de-
hydrogenation activity. Also, the electron affinity of platinum is greater
than that of gold ( platinum has a hiaher workfuﬁctiom. The resu]tinq‘nartial
: charqe’transfer between both metals could profoundly influence the bonding of
hydrocarbons resulting in the observed enhancement of the reactivity. At 2

monolavers coverage gold has completely covered the platinum atoms and, since

gold itself is inactive, the reactivity decreases.



Platinum on Au(100) has a ]attice constant that is different from
that of bulk platinum. This or an e]ectkoﬁicvinteraction between platinum
and gold may alter the'bonding of}hydrocarbons, giving rise to thé observed
higher reactivity. Since the platinum atoms in the two topmost layers par-
ticipate in the reaction, the reactivity increase continues beyond the mono-
layer coverage of platinum on Au(]OO).» At a coverége of 2 layers the
reactivity reaches a constant level.

Further studies are‘undef wéy to substantiate 6ur intefpretation of
'fhe remafkab]e enhancement of the dehydrogenation rate of cyclohexene by

the Pt-Au monolayer systems.
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TABLE I
LATTICE . CONSTANT . CONTRACTION . OF Au-ON Pt(100)

" _RELATIVE.TO.Au(100)

Surface Structure _ Lattice Constant™

or ‘Contraction (%)

(1x1) 4

(7x1) 3
Streaked (1x1) 2

(5x1) 1.5

. *Calculated using lattice constants of

3.9239 A and 4.0785 A for P£(100) and

Au(100), respectively



- Figure Captions

Figure 1.
Figure 2.

Figure 3.

~ Rate of cyc]ohexené dehydrogenation to benzene as a

function of Au coverage on Pt(100).

" Rate of cyc1bhexene dehydrogenation to benzehe as a

function of Pt coverage on Au(100)

LEED patterns observed for Au on Pt(100) at various

coverages and after different heat treatments.

" Surfaces were not heated above 300 K unless annealing

- \
temperature is indicated.
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