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Abstract 

A molecular beam of H2 and o2 was used to investigate the angular 

dependence of the reaction probability for H2-o
2 

exchange (H2 + o2 -+ 2HU) 

on the Pt(lll) and Pt(S)-[6(lll)x(lll)] 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(lll) surface 

exlli bits a smooth decrease in HD pr·vducti on from norma 1 incidence to grazing 

anr(les • 

* Perrnanent address: Centro Coordinado C.S. I. C., Departamento de 

Fisica FundaiTJental, Univ,~rsidad 1\utonorna de l1adrid, Spain. 
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In this naper, we demonstrate for the first time hdw the reaction rate 

(1-1 2 + u2 --~ 2HIJ) depends on the angle of aDrroach of the reactants to the . 

atonic sten structure on a hi~h Miller index surface, Pt{332). The ex~ 

chan:Jc reaction has been studied as a function of incident azimuthal' angle 

(<p) and anule of incidence (e). These results are compared with those 

obtained on a Pt(lll) surface under identical conditions. 

The importance of structural defects such as steps and kinks for 

catalytic bond breaking on single crystal surfaces has been emphasized in 

t 
1 s . th . t t . 1 2 ' 3 th t. recen· years. 1nce - ese s1 es are asymme r1ca , e reac 10n 

probability (efficiency of adsorption, bond breaking, etc.) may be deter­

mined by the direction of apnroach of the reactant molecule. 

The dependence of the reactivity at a surface 

site on the angle of approach of the reactant can only be investigated with 

a directed flow of molecules to the surface. The ultrahigh vacuum 

1nolecular beam-surface scatterinq apparatus used in this study has been 

previously described i 11 _ deta i 1._~ _-) 

( __ ;~A mixed molecular beam of H2 and o2 is chopped before impinqing on 

the platinum single crystal surface. Periodic pulses of both the reaction 

product (HD) and the unreacted species (H2 and o2) are emitted from the 

surface and detected ~y a rotatable quadrupole mass spectrometer. 

Tne detection was performed using tvw methods. In one method, the 

species emitted from the surface within a small solid angle are detected 

directly (differentia-l mode). Using the second method, the modulated 

pilrtial pressure due to the reaction product HD- is measured ~tJith the detector 

removed from direct line of sight of the surface (integral mode). This 
· · the 

signal 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 different 

in each mode~ the rea<;:tion probability dependence obtained by these two 

methods of detection is identical. These techniques will be discussed in 

1110re detail in a forthcoming paoet~. 

The surface characterization of the single crystal samples was accomplished 

using low energy electron diffraction (LEED), /\uger electron spectroscopy 

(AES) and the scattering of light gases (He9 H2 and o2). ------~----=~- ) 
--- .. ---- .. -·- ··-· ---- -·-···-· ------- ---- .... --

(_· ~;.,The Pt{ 332) surface v1as shown by -LEE_U_t~ -i~~-v~-~~--~rdered step structure 

with-monatomic height ste~s separated by terraces on the average six atoms 

\'lide. Both the step and terrace planes are of the (111) orientation. In 

a more descriptive notation~ this surface is the Pt{S)-[6(1ll)x(111)]. 5 

The orientation of the surface step structure with respect to the incident 

molecular beam was uetermined from the LEED pattern and He scattering.
6 

The co~position of the surface was monitored by AES. 
· (integral mode) 

In Figure l, the tota 1 production of HO/i s shown as a ft;ncti on of angle 

of i~cidence (al. Curves a and b present the results for the Pt{S)-[6(111) 

x(1ll)j and curve c, those for the Pt{lll). The azimuthal angle~ <p, is 90° 

in curve a~ i.e., the beam is incident nerpendicular to the step edges. The 

open s_ide ~f t~~ ste_p~-~~ruct~r~ is f~<:_ing __ th~ incoming beam for positive 

values of s.~ The azimuthal a~gle ,,, 
is 0° in curve b~ where the 

projection of _the incident beam direction on the 5urface is para 11 e 1 to 

the step edues. 

For the stepped surface~ the formation of llU depends drafi1atically on 

the angle of incidence wnen the step edges are perpendicular to the 

incident. beam .(Figure 1a). The reaction nrobabilit] changes by roughly 
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a fuctor of two between the extreme positions. The probability for ex­

change is highest when the reactants strike the open side of the step 

structure. In contrast, there is essentially no variation in HD production 

with an9leof incidence when the az.imuthal angle¢= 0 (Figure lb). 

The behavior of the exchange reaction on the Pt(lll) surface with 

angle of incidence is most intriguing. After passing through a maximum, 

at normal incidence, the production of HD decreases smoothly towards 

glancin!] incidence. (The asy1t1metry observed in the experimental curve is 

probably due to edge effects.) Between normal incidence and a 60° angle 

of incidence, the reaction probability decreases by almost a factor of two •. 

A similar tre~d for the sticking coefficient of H2 and o2 on W(llO) has 

been reported. 9 '~ 0 

The effect of the steps is also clearly seen in Figure 2, where the 
(integral moue) 

HD production/for the Pt(S)-[6(lll)x(lll)] is sho~m as a function of azimuthal 

angle ¢, with a fixed angle of incidence e = 45°. Again, the reaction 
structure, 

probability is highest when the reactants strike the open side of the step/ 

4) = 90. The increase in HD production is approximately a factor of two 
significant 

from¢= -90 to¢= 90. In a similar experiment on the Pt(lll), nojvari-

ation in the production of HU was found. 

The energy of the incident molecules vvas increased by heating the beam 

from 2~°C to 270°C to investigate the possibility of an activation energy 

for adsorption, as has been reported for H2 adsorpti,on on Cu. 8 In our 

experiment, no variation in the amount of HD produced could be detected. 

Indeed, the results show that, if any, the activation energy for dissociative 

adsorption of hydrogen should be below the experimental uncertainty (~0.4 
surfaces 

kcal/JruJle) for both the Pt(lll) and the Pt(S)-[G(lll)x(lll)]/. On the· stepped 
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surface, this result is found t'e:]arclless of angle of incidence or azimuthal 

angle. 

Ti1e experiments VJere performed usin!) a beam modulation frequency of 

10Hz and a surface temperature of B00°C for both crystals. At these 

high surface temperatures, the 112-02 exchange reaction is limited by the 
ll 

dissociative adsorption of the reactants. Therefore, this work investi-

qates the probability for dissociative adsorption of hydrogen and deuterium 
formation of the 

by rnonitorin~] the/exchanqe reaction product HD. 

·The lilarked 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 breaking. The fact that the reaction probability increases rapidly 

as e increases, for e > 0, ~ = 90, indicates that the active sites are at 

the open side of the step structure. 
12 

In a recent paper, using work function change measurements, bJO 

types of hydroqen adsorption sites were associated with monatomic height 

steps. These were tentatively assigned to the top and bottom of the step 

site. Theoretical calculations 3 indicn.te that, for certain step structures, 

the bottom of the step siteshould be more active for breaking 

H-H bonds. 

With our data we cannot pinpoint the exact location of the active 

site, i.e., the .top or bottom atom. However, vo~e do establish that there 
approach for 

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

the din!ction in ~"hid1 the iiV .. Iilahlf' bondinq'othilitl<; of the surface 
') 

atoms are pointing~L 

The production of HO on a stepped surface may be considered as the 
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suttr of che contdbutions of nottl step and terrace sites. On the Pt(S)-[6 
surface, 

(ln)x(n"l}]/ approxi,mately lt'r, of the surface ator1s are in step !JOSitions. 

/\ssur:lin~; that the terrace sitf~s behave like those on the i·'t(lll), vJe can 

esthro.te, using our results, the relative contribution of the step sites. 

Tile result of such a partitioninq is that the rate of dissociative ad-

sorption of hydrogen at a step site is on the order of 20 tirnes greater 

than that of a terrace site, under our expel~irnental conditions. 

Jle gratefully acknowledge the United States Energy Research and 

Uevelopr:1ent Administration and the i~ational Science Foundation for their 

support of this work. 
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F'i gure Captions 

Fig. 1 Dependence of HD production on angle of incidence (0), measured 

from the m~croscopic surface normal. a) Pt(S)-[6(lll)x(lll)] sur­

face, \'lith azimuthal an9le <)> = 90°, i.e. the beam is incident pef­

Pendicular to the sten edqes as shown schematically in the insert. 

!)) Pt(S)-[6(lll)x(lll)] surface, with azimuthal anqle q~ = 0°, i.e. 

the projection of the incident lJear:-1 on the surface is parallel to 

t11e sten ed~Jes. c) Pt(lll) surface. 

Fi(j. (~ Variation of illi production v.Jith azimuthal angh~ on the Pt(S)-[6(lll)x 

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

lhlcroscopic surface normal. 
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