Lawrence Berkeley National Laboratory
LBL Publications

Title
D20 PRODUCT ANGULAR AND TRANSLATIONAL ENERGY DISTRIBUTIONS FROM THE
OXIDATION OF DEUTERIUM ON Pt(lll)

Permalink

https://escholarship.org/uc/item/0gh8d3sp

Author
Ceyer, S.T.

Publication Date
1982-12-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/0gh8d3sp
https://escholarship.org
http://www.cdlib.org/

!
!

;;"?.' Bats T

)

~—

o \
e 2

LT
b

LBL-15035
PreprintCZ?‘

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA RECEIVED

f Materials & Molecular

BERKELEY LABORATORY

L MAY 1
Research Division 71983

DOCUMENTS SECTION

Submitted to the Journal of Chemical Physics

D,0 PRODUCT ANGULAR AND TRANSLATIONAL ENERGY
DISTRIBUTIONS FROM THE OXIDATION OF
DEUTERIUM ON Pt(111)

S.T. Ceyer, W.L. Guthrie, T.-H. Lin, and
G.A. Somorjai

December 1982

. | TWO-WEEK LOAN COPY

This is a Library Cir_culéting Copy

which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 6782.

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098

{'7

<2051 19T



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '




'D20 Product Angular and Translational Energy Distributions

from the Oxidation of Deuterium on Pt(1l1l1l)
S. T. Ceyer*, W. L. Guthrie, T.-H. Lin, and G. A. Somorjai

Materials and Molecular Research Divisioh, Lawrence Berkeley Laboratory
and

Départment of Chemistry, University of California, Berkeiey, CA 94720

Abstract

..The angular and translational énergy distribufion of D20 produced from
the,qxidation_of deuterium on‘thé (111) crystal face of platinum have been
measureabin the surface temperature range of,T; = 664K - 913K, -Although‘thg
angulér dist:ibutioﬁ can be described by a coéine fuﬁction, the translational
energy distributions &eviate sﬁbstantiaily from the corresponding Maxwell-
. Boltzmann distributions, The D20 mean translational energy, <E>/2k, varies
lfiom.26OK to 460K over the temperatqre'range investigated. Two mechanisms for

the production of translationally cold product molecules are discussed.
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Introduction

The dynamics of the last bond formation step or the desorption sfep detef-
"mine the spatial and translational energy distributions of the products from a
surface chemical reaction. Measurement of these distributipns in a molecular
beam reactive scattering experimenf thus provides information on the mechanism §,
and dynamics of the»exit process; For example, they can provide a ﬁeans of
determining the concertedness éf the final step of the reaction and the desorp-
tion process, ;he amount of fhe exoergicity channeled into translation, the
relatiyé rateé of thermal excitafion of an adsorbate to desorption, or the
shape of the potential energy surface in the exit.cﬁannel region. The transla-
tional energy distribution measurements of Ho produced from the recombination
of H(a)+ H(g) on polycrystalline nickel [1,2], Ni(l1ll) [3]; P4 (100) [4],_aﬁd of
CO2 produced from the reaction of CO + 02 on polycrystalline platinum [5] are
examples of fhe determination of the shape of the potential energy surface.

The large translational energies obgerved'result from the presencé of a barrier
in the exit channel which, in the case of CO2, may be related to the formation
of a bent 0=C=0 bond [6-8] in the transition state. The peakihgvbf the Hp

and CO9p angula; distributions at the surface normél is due to the parallel
orientation of thé barrier equipoténtials which causes focusing of the product
molecules towards the normal.

To date, this is the only type of dynamics that has been observed and the

LC

only reactive systems that have been studied. The fact that the exit barrier
is very effectively channeled into translation indiéates that the rate of
energy dissipation into the surface is slow relative to the velocity of the
newly formed molecule. Thus, it is reasonable.that systemé can be found where
the exoergicity of the last bond formation step is effectively channeled into

‘translation. However;'if the exoergicity of the reaction is small or non-
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existent, then: the newly formed product molecule has a greater probability of
becoming trapped on the surface thereby uncoupling the rinal reaction step and
desorption step. A product angular distribution described by a cosine function
and a product translational energy distribution characterized by a Maxwell-
Boltzmann function at the temperature of the surface is a signature for this
type of dynamics. |

At first glance the reaction Dy + 0 » D20 on Pt(111) might be cited
as an example of thisllatter mechanism. The D20 product angular distribu-
tion has been observed to fit a cosine function [9]. By conventional inter-
pretations this implies that the translational energy should be in equilibrium
with the solid. We ‘have expanded on this previous study to include energy
distribution measurements as a function of surface temperature and.scattering
angle. We report‘here both the angular and energy distributions of D20 o
produced in this;reactioni Our angular‘distribution measurements agree with

the earlier measurements. However, the translational energy distributions

indicate that the conventional interpretation must be modified.

Experimental

The apparatus was constructed to study energy partitioning in surface chem-—
ical reactions [8)10]. A schematic of it is shoyn in Fig. 1. The reactants,
Dy and 02, were each expanded from a 0.08 mm diameter supersonic nozzle at a
stagnation pressure of 200 Torr. The D atom beam was produced from a microwave
discharge source, previously described in detail [10]. The twice.differentially

pumped beams intersect at an angle of 30° at the cryStal surface. The angle

jof incidence is 49°. The product flux is mass analyzed and detected by a

twice differentially pumped quadrupole mass spectrometer. The detector is

rotatable about the single crystal sample allowing measurement of product
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angular distributions and velocity distributione.at each angle. A tuning
fork chopper at 150 Hi modulated one of the incident beams during the angular
distribution measuremenﬁs. A cross correlatioﬂ time-of-flight technique [11]
was esed for the velecity distribution measurements. The product flux was
modulated in these measurements.

The Pt(11ll) sample was cleaned by argon ion sputtering, and when needed
by chemical cleaning in oxygen at a surfaceltemperature ef 700K. Surface |
cieanlinees was determined by Auger electron spectroscopy'(AES).' The cfystal
was aﬁnealed et 1100K and then lowered to the reaction temperatufe. The crys~
talateﬁperature wae determined by'a Pt - Pt 10Z Rh thermocouple. After each
hour of data‘cellection, the crystal surface cleanliness was checked by AES.
There wae always oxygen contamination on the order of 10L202'0f a monolayer
regardless of the temperature at which tﬁe reaetion occurred.“Coverage was
'based on a calibration by Gland [12].

The DZO signal_count rates were typically 30 ?.80'ions/s ageinst a back-
ground count rate at m/e = 20 of 7000 ions/s. With.the-low count rates, approx-—
imately 20 hours of real data collection time was required for each distribution
and aﬁproximately 2 to 3vtimes that in actual experimeﬁtal time.

The low product eoune rates and the_pronouncedly slow TOF distributions
caused some concern that spurious‘sources of signal might be affecting the
distributionsﬁ Since the resolution of the mass spectrometer was decreased in
order to increase transmission, we measered a TOF distribution with no D9 inci—

dent on the surface in order to determine if incomplete filtering of the ot

(m/e

n

16) ionization fragment from the scattered 09 was occurring. After 3
hours, no distribution was observed with the mass filter tuned to m/e = 20.
It was determined that the OF fragment contributed at most 0.5 ions/s to the

signal. Inelastic scaftering of backgrodnd D70 from the crystal into the.

%
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detector is another possible spurious sdurce of signal. The background D30
is prodﬁced from the reaction of Dy and O on filaments, chamber surfaces, and
in the ion pump. Blank experiments with both beams entering the scattering .
chamber, but only one incidenf on the crystal, showed that the effect bflback-
ground D90 1s negligible.

The time of flight spectrﬁm was calibfafed agalnst the flight_times'for_a
series of four iner£ gases from.an effusive source at 300K and against the

flight time of D0 from an effusive source at two temperatures. The effusive

- source was a 0.08 mm diameter hole in an oven operated at a stagnation pressure

of 8x‘10"2 Torr. Fig. 2 shows the TOF distributions observed for a source tem-
peratupé of 310K and 655K.l The solid curves represent Maxwell-Boltzmann dis-
tributions at the source temperature, convoluted with the known chopper gate

and elggtronic-gate functions.' As can be seen, the experimental distributions

agree with the expected Maxwell-Boltzmann distributions.

Results

Fié. 3a shows the angular distribution observed for product D20 taken

from the reaction Dy + 02 at a surface temperature Tg=700K. Fig. 3b shows the

prbduéﬁ D20 angular distribution from the reactionvD + 02 at the same tempera-
tu?e. Within the uncertainty, the angular distribupions rééulting from the
atomic ér,molecular'deuterIUm reactants are identical. Aé discussed below,
depending on the desorption mechanism, this similarity may indicate thaf D

atoms rather than Dj are esséntial intermediates in. this reaction. Plotted

- with the data is a cosine function (solid line), showing that the number den-

sity 1s proportional to the cosine of the desorption angle, as reported pre-

-viously by Smith and Palmer .[9]. By micro—reveréibility arguments, cosine

.angﬁlar distributions are commonly taken to imply equilibration of the desorb-
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ing gas with the surface [13]. However, the TOF distributions are far from .
equilibrium. -

The timé—of—flight distribtions, transformed to energy distributions, are
shown in_figs. 4 and 5. The collected TOF distributions are numbér density

distributions, Pq(t), and are multiplied by the velocity to transform to flux

3

distributions, Pg(t). The transformation tq an energy distribution is made by
multiplication by the Jacobian so that P(E) « t3Pf(f) o« tZPd(t). The d;ta for
surface temperaturés of 913K, 870K and 765K are shown in Figs. 4a,'4b‘and be.
Two distributions fdr.TS = 664K at detector angleé €] =.7° and 40° from thé
surface normal are shown in Fig. 5. Plotted as the open circles is a Maxwell-
Boltzmann distribution at the corresponding surface temperature, convoluted
with the chopper and electronic gating function and normalized to the total
counts of the experimental distribution. The strikiﬁg feature of these digtri-
butions is that they lack the high energy tail of the cbrresponding Maxwell-
Boltzmann distributions. /

The mean energies in terms of equivalént temperature, <E>/2k, the statis-
tical errors of the mean energies, and the relative distribution widths <2 -
<v>2>/<v>2, are tabulated iﬁ Table I. The relative widthé are all significantly
smaller than the value for a Maxwell-Boltzmann distribution, 0.132. |

The relative DzOlproduction rates at the five temperaturés examined in
this study are shown in Fig. 6a. The D90 production rate as a function of
the 0 source stagnation pressure is shown in Fig. 6b. The production rate is %
approximately linear with O intensity. The production rate is nearly inde-
pendent of Dy intensity and was essentially unchanged when the Do source *
stagnation pressure was reduced from 200 Torr to 100 Torr. The Hjp sticking
coefficient for dissociative adsorption has been measured to be approximately

0.10 on Pt(11l) [14-16). A wide range of values has been reportéd for the 07



o

...7.-

dissociative adsorption probability [12, 17-21] which appears to fall exponen-
tially with decreasing defect density and with increasing oxygen coverage [12,
17-19]. In this study, it appears that the 02 dissociative adsorption probabil-

ity is 1limiting the rate.

‘Discussion

The observation that the mean energy of product molecules from a surface
chemical reaction is substationally less than the mean energy of the solid at
some temperature is unusual. Previous measurements of translational energy

distributions of product molecules have shown that the mean energy is substan-—

'tially larger than the mean energy of the solid. This was the case for H atom

‘recombination on Ni and Pd [1-4] and f§r the oxidation of CO on Pt [5].

It is necessary to review the energetics of the adsorption of D2, Oy, QD
and D20'on Pt(111) in order to discuss the possible mechanisms'fof the produc-
tion of unequilibrated and éold distribgtions. An energy leQel‘diagram_is
shown in.Figure 7. The overall reaction D2(g)t O2(g) * D20(g) + O(a) 1; exo—
thermic:by 83 kcal/mole. Much of this energy is not available to translation
of the molecule away from the surface but is released and dissipatgd into the
solid during the dissociative'adsorption»of the reactahts. The dissociati?e
adsorption of Dy and 02 on Pt(lll) liberates 15 kcal/mole [15, 16, 22] and 50

kcal/mole [12, 23], respectively. There is also a weaker dissociative state

" of hydrogen on Pt(1l1ll) at high coverages [16] with a heat of adsorption of 5

kcal/mole. In.addiﬁion tovtheSe states, evidence [15].for an Hp molecﬁlar

precursor state with a heat of adsorption of much less than 5 kcal/mole and an’
0y molecular precursor state with a heat of adsorption of 8 kcal/mole [12, 23] .
has been.citgd. However, since the surface temperatures at which this reaction

was carried out are high, only the deeper dissociative states of D) and 02 are
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significantly popuiated. Additional‘sﬁpport for the dissocia;ive state of Djp
comes from the fact that the D90 angular distributions are identical whether
the starting reactant is D2'of D. Now, if the three adsorbed atomic species,
2D and O, shown in Fig. 7 simﬁltanebusly collided and then desorbed imhediately
following their reaction forming D90, 18 kcal of energy would bevavailable.

to translational energy. However, a two-body collision forming an OD species
followed by a second collision between oD ;nd D or between two OD species is
more.likely to occur than a three-body collision. This two-step mechanism
requiteé the pfésenCe of stable OH radicals on the surface. Recently OH radi-
cals on the Pt(111) surface have indeed been observed [24] and Lin ana coworkers
have observed desOrptioﬁ of OH radicals duriné the water productioﬁ reactioﬁ
on an uncharaétérized polyéfystalline'?t éurface. They ﬁeasured the appafént
activation energf for OH appeérance in the gas phase to be 31 kcal/mole [25].
In the two step mechanisﬁ the amount of energy available tq translation is
then dictated by the exoergicity‘of the second étep, OD(4) + D(a) + DZO(g).
Since the bond energies of D-Pt and of D20 are known, the amount pf energy
believed to be>availab1é'f6r translation depends acutely on‘kﬁdﬁledge of the
vbinding energy of the OD radical. if the apparent activation energi quoted
‘above fepresents.thé OH desorption energy from a cléan-platinum single cfystal
surface, then the exoergicity of the reaction, or the gotal energy available
to trénslation.is about 30 kcal/mole for the OD + D‘reaction and 39 kcal/mole
for the OD(A) + 0D(5) * D20(g) + O(,) reaction. However, with this OH energy
one finds;tﬁat OH formation’shéuld be energetically unfavorable‘(Fig. 7),.1n
contradiction to the obéervation of CH rédicalé on Pt surfaces [24, 25].

Since the binding energy of water in the above mentioned expefiment [25]vwas
measured to be l4 kcal/mole less than that measured for water'én Pt(111) ﬁsing

different techniques [26],_we assume that as a consequence the binding energy
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of the OD rgdiéal on the platinum surface is also>1arger byvapproximgtely 14
RCal/mole.x Then ;he total energy available to translation is 17 kcal/mole for
the OD + D reaction and 9 k;al/mole fqr the OD + OD reaction. Thevuncertainty.
in the_energetics'involving the OD intermediate is shown in. Figure 7.
| ,.It'is clear.that the chemical energy released is not predoﬁinantly trans-

fefred infd_trénslation éf tﬁe molecu;e away from the surface. ‘The average
,enefgies ofkthe meaéured:distributionsiare hardly a tenth of the qited eidergié4 '
itiés. It might be suggestedvthat the Oﬂ binding energy is'actually larger
than»tﬁekvalpes discussed above, such that the final Bond fbrmation step has .
“feally very littie or no,excessvgnergy; HOWever,'a final reaction step with a
small exoe:gicity cannot.explain thése velocity distributions. Kinetic measure-
ments have shown ;haﬁ reaction times are loﬁg: 63 us ét 850K}to 1 ms at 600K
[91.. Since these times afe long, the intermediates attain eqhilibriuﬁ with
the'surface.and thus,vthe ehergy of thevD20 moleculevshéuid be at least that
whiéh yould_cpr:espond to the equilibrium state of the reactants 0D(,) ;ﬁd
' D(aj'. Consider,'howevé;;.a mechanism in which the bond formatioh step and

the desorption process are not conéertéd. Tﬁat is, once the D20 m§1e§ule is
formed, it remains on the surface for many vibrationalvperiqu, dissibating‘

the energy :éléased.in ;he bond formation step fo the surface and thereby
attaining equilibrium with the surface. Fig. 8 represents such an ensemble of
eqﬁilibrated D20 molgculés. Tﬁe éolid curve is the Boltzmann functionvfor a
,vtempe;éture éf 870K and it.is shown ré1ative to a represéntation of the 15
kcal/mole D90-Pt potential energy well [26] (dashed curve). As can be seen
"most of the enseﬁble lies below the edge of the well. Approximating the dgns—
ity of vibratiqnal levels by the aensity of levels for a harmonic oscillatdr
and integrating for the well depth, one finds that more than ‘99% of the initial

ensemble is below the edge-of the well.
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As 1ndicatéd in Fig. 8, the rate of desorption increases with increaéing

energy‘énd'is proportional to the normal compdnent of tﬁe velocity Vg, 1.e.

v cos@. The prébability 6f observing a given translational energ& in the g#s
phase 1s proportionallto the dééofbtion-rate, the probability of pbpulating an
energy level abo§¢ the edge of the ﬁeil and the.dehsity of stétes.. For adsorbed
molecules whose énergies afe characterized ﬁy a Boltzmann distribution the
translational energy diétribﬁtionn 6f the flux upoﬁ dééofption‘is given by the
Maxwe114301£2mann diétributioﬁ v3exp(-mv2/2kT), aﬁd the-angﬁlar distribution

of the flux is given byvcoée'ﬁhére 0.1s measufea from.the surface normal'[27].
Thesé distributioné hold, hbﬁever, only if the rate of thermal excitation of
the adsorbed molecules by the solid is fast'relatiﬁe to the desorptidn'rate

- [27-29]. ‘If the desorption rate is fast relative to the excitation ¥ate; then
the desorption process depletes molecules from the upper energy levels thereby‘
perturbing the enefgy distributi&n away“from éqﬁilibrium [30] . The result is

that the observed velocity distribution is siowef than what ﬁould be éxpected

from prior equilibration of the adsqued molecule with the'surfaée [28, 29, 31].

Our‘observations are not out of linelwith this mechanism. Eérly studies of
gas phase reactions indicated thatvnon-equilibrium effecfs shouid_become impor-
tant when the ratio of the activation'enefgy_to temperéture, E_/kT, is less
than 5-10 [32-34]. 1In our case, Ea/kT‘ranges from 17 to 9, the upper 1imit
set by those studies. Strong non-equilibrium effects were‘prediqted for_Xé
and Ar désorption ffom‘Pt(lll) for E;/kT=10, and that these effééts*pergist
for somewhat larger ratios [29, 31]. ‘

Since energy in the z direction leads to desorption, the amount of energy
that can be transferred in fhat direction is limited. Siﬁce motion in the k-y
direction does not lead to desorption,.there should bé a higher average Qelocity

component parallel to the surface than perpendicular to it. This has two con-

¢
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sequences: the angular distribution will be slightly broader than cosine énd _
the_mean.veloéities will be higher as the desorption.angle increases {31]. A
néarly cdsiﬁe angular'distribution Qas found for calculations of Ar and Xe
désorption from Pt(111) [29]. 1If coupling between the parallel and perpendicu-
lar motion is strong; then the angularAdistribution should become more similar
té_a cosine function and the mean velocities more angle independént. The

motion of'the'structurally complex and more strongly bound D20 molecule should

"eXhibit'more efficient coupling than Ar or Xe, so that the cosine angular dis-

tribution and apparent angular independence of the velocity (Fig. 5) are not
inconsisﬁént with non—equilibriuﬁ'desorption. |

 »Thi§ mechaﬁism for desorption predicté;that the mean translational energy
dependénce.6n su;faceAtemperature should be,iinear:at low surface¥temperatures.
As the surface. temperature is increased, £he meanbtranslational energy will
gradually deviate from the equilibrium value to lower energies and-finally .
arriQe at‘somevasymptotic value. This behaviour was Qbéerved in an early study
of the mean energies of a variety of molecules scattered ffom a graphite surface
[35]. The mean energies were indeﬁendent of incident beam energy which indicated
that tﬁe molecules were indeed trapped and thét what was béing observed ﬁas non-
equilibrium desorption.r Since the rate of the production of DzO decreases
drastically at low T;; it is impossible to carry out the TOF measurements at

low Tg. Thus, it is reasonable that this linear region is not observed in-

Table I. 1In the intermediate range of Tg, the mean values of the D20 transla-

B

tional energies have a weak positive dependence on surface temperatufe as

shown in Fig. 9. However, instead of reaching an asymptotic value they increase

. again somewhat at higher temperatures. This is an interesting observation.

If non—equilibrium desorption is occurring, then the intéraction between D90

and the surface must have become more attractive at the higher surface temper-
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ature, 913K, This could be a result of a change in coverage of reaéfantsk
whose presence modifies the interaction between D90 and the Pt surface. Oxygen
is the more likely of the reactants to be the cause of this shift since the
recombination-desorption temperature of 02 on Pt(1l1ll) occurs between 850-900K,
depénding on coverage. However, there-ﬁas no correlation between the amount
of oxygen remaining on the surface after the reaction and the surfce temperature.:
There was always an oxygen coverage of 10-207 of a monolayer after the reaction..
-The temperature stability of this adsorbed oxygen indicates that it is probably
in an oxide form [23]. There remains the question as to whether the steady
state concentration of chemisorbed oxygen has.changedfat-the highest temperature
studied. This is likely because the rate of the reaction also levels off here,
presumably'because of‘recombinafion and desorpfion of 07 or of thé desorbtion
of the OH radical. However, the effect of the chemisorbed oxygen coverage on
the Dy0-Pt binding energy is unknown.
| Thé data reported here is consistent with’non-equilibfium desorption, but
with some unresolved pdiﬁtsiin the interpretation, so a mechanism incorporating
concerted formation and desorption wiil be- considered. Such mechanisms have
been discussed in the literature for systems in which an exit channel potential
energx barrier exists, the excess potential energy then‘convértedvinto transla-
- tional energy [1-7]. Some circumstances that might produce éold, unequilibrated
product molecﬁles are proposed. |

As discussed above, iF ié likely that the reaction proceeds through the
formation of an OD intermediate. The D—ODvdistance is then the primary reaé-
tion coordinate for the final step of the reaction. Since the potentiallenergy
surface is multi-dimensionsal the potential energy of that coordinate is also
likely to be a function'df‘the Pt-0OD distance. For example, a sharp minimum -

in the DO-D barrier height as a function of Pt-OD seperation would restrict
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the reaction to occur at a given surface bond distance. If this distance is

large it is likely that the half of the newly formed molecules with velocities

~ directed away from the surface can desorb without further energy exchange with

the surface. The molecules with velocities toward the surface may experience

additional energy transfer that willltend to smear out the nascent energy dis-

( tribution.

The translational energy distribution will then depend on whether the
final step is exoergic, the distributions of energy in the reactants prior to

the final.reaction step, conservation of momentum for the reactants, and the

effects of any forces that may be exerted by the surface during the DZO forma-

tion. For long surface residence times, it is 1ike1y that the distribution of
energies for the reactants will be Boltzmann at the temperature of the surface.
It seemsilikeiy ‘that the above'considerations for a nun-exergic final step

could lead to product translational energy distribrtions that are not in equili-

brium with the surface. However, it is beyond the scope of ‘this paper to deter—

mine if these considerations can account for translational energies as low as

those observed.

The D0 translational energy distributionms (Figs. 4 and 5) and angular
diatributions (Fig. 3) demonstrate that a cosine angular distribrtion can
result even if thermai equilinrium is not.attained._ The common assuciation of
a cosine anéular distrfbution’with equilibrium between‘the gas.and tne surface
is not always correct. The flux of molecules desorbing from the surface will

always exhibit a cosine dependence on angle from the surface normal if the

velocity is isotropic and the rate of appearance in the gas phase is v, depen-

dent. It is unnecessary for the velocity to have the equilibrium value.

Thus, angular disrtibution measurements as the sole means of determining energy

exchange are clearly 1nadequate.
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Conclusion

The product aegular and translational energy distributions of D20 have
beeﬁ.measured for the temperature'range Ts=664~913K. Aithough the angular
distributions cen be described py a cosine function, the translational energies
are 1ow,.<E>/2k=280K‘at Ts=664k; xfhe lpw translationel eﬁergiee may be due
to non—equilibrium desorption of the D90 molecule. Assuming this mechanism,
the cosine}angelar distribution apd the isotropy of the translational energy
implp effieiehr coupling of tengential apd perpendicular motion of the adsor-
bate.”wir,'however, the final bond formation step and the desorption step ere
coneerred, then the dynamics of the.raction are iimiting the observed velocities.:
Features of a dynamical mechapism that could lead to the produetion of transla-
tionail& cold molecules areqdiscessed.

Finally, it is Becoming 1ncreasingly apparent that product molecules do
notknecessarily thermalize on the surface 1eading>to the loss of the desired
dynamical information. These types of.measuremen;s are beginning to provide
and hold much promise‘of providing distinetive‘clees about the potential energy

surface for the molecule-surface interaction.
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‘Table I
- Temperature, Angle Translational Energy Distribution Width

<E>/2k <v2=¢v2>>/<v2>
664 K, 7° 283 K £ 11 K 0.065 + 0.013
664 K, 40° 277 K £ 11 K £ 0.067 + 0.013
765 K, 7° 305K * 12 K _ 0.065 + 0.013
870 K, 7° - 321 K * 11 K 0.071 * 0.013
913 K, 7° . | 400 K * 53 K 0.101 * 0.028
913 K, 47° 470K + 53K 0.101 + 0.029
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"Figure Captions

Schematic diagram of the molecular beam scattering apparatus.
TOF distributions of D90 from a thermal effusive source. The solid line

is a Maxwell-Boltzmann distribution at the temprature indicated by the

" thermocouple. (a) 310K. (b) 655K.

Product D0 angular distributions, Tg = 700K. (a) Dy + 0y (b) D + O0j.
D90 translational energy distributions for (a) Tg = 913K, 0 =7° (b) Tg

= 870K, @ = 7° (¢) Tg = 765K, © = 7°., Open circles represent the corres- .

ponding Maxwell-Boltzmann distributions.

D70 translational energy distributions for Tg = 664K (a) © =7° (b) © =40°.

Open circles represent the corresponding Maxwell-Boltzmann distribution.

- D20 production rate on Pt(111) (a) as a function of surface tehperature

(b) as a function of 0y source stagnation pressure.

Energy‘levels of reactants, intermediates and products. D bindihg energy
from [Zéj; Olbihding energy from [12,23], OD binding energy from [25i, D20
binding énergy from [26], gas phase bond enérgies from [36].

Diagramatic representation of D70 desorption. The solid curve is the

equilibriumvpopulation of energy levels given by the Boltzmann function,

exp(-E/R 870K), for energy E, and is drawn relative to the 15 kcal/mole
Pt-Dy0 ﬁell depth [26]v(gashed line). Thé éppearance into the gas phase |
is proportionél to vg [27],‘and increaseé with energy above the edge of
the potential energy well, as indigﬁted by the arrows. Molecules are
excited tb.fhe higher energy stat;s by thermal exci;ation.

Mean D50 tranélational energy versus the mean energy expected for equili-

brium at the surface temperature.
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