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Abstract

A molecular beam of H2 and DZ was used to investigate the anqular
on the Pt(111) and Pt(S)-[6{(111)x(111)] surfaces. On the stepped surface,
a marked increase in_the production of HD is observed when the beam of
reactants strikes the open side of the step structure. The Pt(111) surface

exhipits a smooth decrease in HD production from normal incidence to grazing

angles.

* Permanent address: - Centro Coordinado C.S.I.C., Departamento de
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In tuis paper, we demonstratei for the first time how the reaction rate
(H2 + 02 + 2HD) depends on the angle of anproach of the reactants to the .
‘atomic step structure on a high Mi]ier index surface, Pt(332). The ex-
change reaction has been studied as a function of 1ncident azimutha]fahgle
(¢) and angle of incidence (6). Theée results are compared with those
obtained on a Pt(111) surface under ideutica].conditions. B

The importance of structural defects such as steps and kinks for
cata]ytic bond breakiﬁg‘on single crysta]vsurfaces has been emphasized in
recent years.] Since these sites are asymhétrice1,2’3 the reactiqn
probability (efficiency df adsorption, bond breaking, etc.)‘may be deter-
mined by.the direction of approach of the reactant uo]ecule.'

The dependence of the reactivity at a surface
site on the angle of approéch ot the reactant‘can only be investigated with
a directed flow of molecules to the surface. The uitrahigh vacuum
nolecular beam-surface scattering anparatus used in th1s study has been

previously described in‘detai].4-“)

L w A mixed mo1ecuiar beam of H2 and 02 is chopned before impinging on
the platinunm single crystal‘surfdce. Periodic pulses of both the reaction
product (HD) and the unreacted species (H2 and DZ) are emitted from the
surface and detected by a rotatab]e quadrupole mass spectrometer.

The detection was Derformed using two methods. In one method the‘
species emitted from the surface within a smatll soi1d ang]e are detected
directly (d1fferent1al modd) Usinq the second method the modu]ated .
partial pressure due to the react1on product HD 1s measured with the detector
removed from direct line of sight of the surface (1ntegra] mode).. This |

“the
signai is proportional to the HU produced by/surface integrated over all‘
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emission angles. Although the'absolute intensity of the signal is ditferent
in each mode, the reaction probability dependence obtained by these two
methods of detection is identical. ’These techniques will be diséussed in
more detail in a forthcomiug paper. |
The surface characterization of the single crystal samples was -accomplished
using low energy electron diffraction (LEED), Auger électron spectr05copy;

'(AES) and the scatter1ng of 11qht qases (He, HZ and D ) ”""“”m‘fD

P

"Nj »The Pt(332) surface was shown bv Lttuto have an orderéd step structure
with monatomic height steps separated by terraces on‘the average six atqms
wide. Both the step and terrace p]ahes are of the (111) orientation. In

a more descriptive notation, this surface is thg Pt(S)-[6(111)x(11])].5
The orientation of the surface step structure with respect to the incident
molecular beam was determinéd from the LEED pattern and He scattering.6
The compos1t1on of the surface was monitored by AES.

(integral mode)
In Figure 1, the total production of HD/is shown as a function of angle

of jncidence (g). Curves a and b present the results for tue Pt(S);[6(1]1)

(11])] and curve c, those for the Pt(111). The azimuthal angle, ¢, is 90°
in curve a, i.e., the beam is incident nprpend1cu1ar to the step edges. The
~open side of the step structure is facing the incoming beam for positive

values of 6.

_ The azimuthal angle @'15 0° in curvé'b, where the
projection of the incident beam direction on'thé surface is parallel to
the step edges.

For the stepped suuface, the formation of HD depends dramatica]Ty'on
the ang]e of incidencé when the step edges are perpendicular to the

incident. beam (Figure 1a).s The: reaction Drobability changes by roughly
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a factor of two between the extreme Dositiohs. The prbbability for ex-
'change is highest when the reactants strike the open side of the step -
structure. In contrast, therevis essentially no variation in HD broduction
with angle of incidence when the azimuthal angie $ = 0 (Figure 1b).

The behavibr of the exchange réaction on the Pt(111) surface witﬁ
angle of Tncideﬁcé is most intriguing. After passing through a maximum,
at normal incidence, the production'of HD'decreases smoothly towards
glancing incidence. (The asymmetry observed in the experimental curve is
hrobab]y due to edge effects.) Between normal incidence and a 60° angle
of incidence, the Yeact{on probabi]ity decreases by almost a factor of two.

A similar trend for the sticking coefficient of M, and D

) Zbon'w(110).has
9,10

been reported,
~The effect of the steps is also clearly seen in Figure 2, where the
(integral mode)
HD production/for the Pt(S)-[6(111)x(111)] is shown as a function of azimuthal
angle ¢, with a fixed angle of incidence 6 = 45°. Again, the reaction
- _ _ structure,
probability is highest when the reactants strike the open side of the step/
¢ = 90. The increase in HD production is approximately a factor of two
. significant
from ¢ = -90 to ¢ = 90. In a similar experiment on the Pt(111), no/vari-
ation in the production of HD was found.
The energy of the incident molecules was increased by heating the beam
from 25°C to 270°C to investigate the possibility of an activation energy
for adsorption, as has been reported for H2 adsorption on Cu.d_ In our
experiment, no variation in the amount of D produced could be detected.
Indeed, the results show that, if any, the activation energy for disspciative
adsorption of hydrogen should be below the experimental uncertainty (<0.4

surfaces
kcal/mole) for both the Pt{111) and the Pt(3)-[6(111)x(111)]/. On the stepped
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surface, this result is found regardiess of angle of incidence or azimuthal
angle. J
Tne experiments were performed using a beam moduletion frequency of
10 Hz aﬁd a surface temperaturevof 800°C for both crystals., At these
nigh surface temperatures, the H,_,--D2 exchange reaption is limited by the
dissociative adsorpfion of the reactants.]] Therefore, this work investi-
gates the probdb111t/ for dissociative adsornt1on of hydrogen aﬁd deuterium
formation of the

by mon1Lor1ng tne/exchange reaction product HD.

" The marked'dependence of the exchange reaction probability on the

angle of approach of the reactants to the step structure can be associated

with the unique activity of the platinum atoms at the step edges for H-H

bond breakihg; The fact that the reaction probability increases rapidly
as 8 increases, for 6 > 0, ¢ = 90, indicates that the'active-sites are at
the open side of the step structure.

In a recent paper,]2 usingbwork function change measurements, two
types of nydrogen adsorptien sites were associated with_monatomie height
steps. These were tentative]y assigned to the top‘and bottom of the step
site. Theoretical ca]culation33 indicate that, for certain step structures,

the bottom of the step siteshould be more active for breaking
H=H bonds. | |

With our data we cannot piﬁpoint the exact Tocation of the active

site, i.e., the .top or bottom atom. However, we do estab11sh that there
approach for

is definitely a preferred direction of/H-H bond breaking. This is nerhaps

the direction in which the available bonding'orbitals of the'surf&ce

atoms are pointin-g.2 |

The production of HD on a stepped surface may be considered as the
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sum of che contr1but1ons of both step and terrace sites. On tihe Pt(S)-[6
surface,

\1!1)4(11!)7/ approximately 174 of the surface atoms are in step positions.
fissuming that the ﬁerrace sites behave like those on the Pt(111), we can
estimate, using our resu]té, the relative contribution of_the step sites.
The result of suéh a partitioning is that the rate of dissociative ad-
Sorptioﬂ of hydrogen at a step site is on the order of 29 times greater
than that of a terrace s1tc, undnr our experiuental cond1t1ons.

e gratefully acknow]edge the United States Energy Research and

Development Administration and the Wational Science Foundation for their

support of this work.
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Fig. 1

Fig. 2

Figure Captions

Dependénce of HD production on angle of incidence (6), measured

from the macroscopic surface normal. a) Pt(S)-[6(111)x(111)] sur-
face, with azinuthal anglé ¢ = 90°, i.e. the beam is incident per-
pendicular to the sten edges as shown schematically in the insert.
) Pt(S)-[G(]f])x(T]])]‘surface, with azimuthal angle ¢ = 0°, i.e.
the projection of the incidént bearn on the surface is DafaT]el to

the step edges. «c) Pt(111) surface.

Variation of il production with azimuthal angle on the Pt(S)-{6(111)x

(111)]. The angle of incidence is fixed at 45°, measured from the

racroscopic surface normal,
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