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SCATTERING OF DIATOMIC AND POLYATOMIC MOLECULES FROM THE
(100) CRYSTAL FACE OF PLATINUM

* .
L. A. West and G. A. Somorjai
Inorganic Materials Research Division,  Lawrence Berkeley Laboratory and

Department of Chemistry; University of Californisa,
Berkeley, California

ABSTRACT
The angular distribution of diatomic (CO, N2, 02, NO, H o D ) and
polyatomic (CO,_, N0, C,H,, NH, and methylene cyclobutene) molecules

2’ 22> 73

were monitored upon scattering from the clean and carbon covered (100)
crystal face of platinum. All of the scattered molecules (except

ammonia ) exhibit difected scattering with intensity maxima at or near

the speculaf angle, indicating poor energy accqmmodatibn during collision.

On scatterings CO and 02H2

acetylene the angular distributions were cosine~like that indicate signifi-

from an adsorbed layer of carbon monoxide or

cant energy acéommodgtion between fhe incident éaé molecules and the
.surface. It appears that if the vibrational energy:of surface atoms

and the translational energy of the incidént molecules are of the same
magnitude, the incident particles will be reflected. The near complete
energy gccommodation of the scattered molecules in the presence of ad-
sorbed gases could take place if high frequency surface modes are created
on adsorption of these low molecular weight gasésf Tﬁi% way, there is
matching of vibrational freqﬁencies of the collision paifs (gas molecules -

adsorbed molecules ) which allow strong vibrational (V-V) energy transfer.

*
Presently located at Sandia Laboratory, Livermcre, Californisa.
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I. INTRODUCTION

Stﬁ&ies of thé scattering of atomic and mplecular beams from‘solid
surfaces reveal the nature of energy transfer between an incident atom
or molecu_l_e and surfacve ‘atoms. For monatomic gés atoms energy can only
be exchanged between the tréhslational modes of the incident atom and
the vibrétiénal states of atoms in the surface. The interaction of
monatomiclgases w;th solid surfaces has been studied sufficiently to
allow the development of the "hard-cube” and "soft-cube" scattering

models. »2

' These models, and more sophisticated models, explain
qualitatively many of the scattered beam properties: its surface and
beam temperature dependence and its dependence on the mass ratio

(m___/

m ). The major assumption of the cube models, that momentum
- gas’ surface } .

changes only along'its perpendiculér component while the magnitude of
the parallél componént is conserved,‘stands up yéii”uhder experimental
scrutiny. | |

rFér didtomic mélecules, however, the interaction between the gas
and fhe SOiid is more complex due to the possibilify of additional
.energy exéhange between the internal states of the molecule (rotation
and vibratipn) and the vibrational modes of fhe surface atoms. That
such.energy exghange takes place efficiently has been demonstrated
by thevstriking_qb;ervations of Saltsburg et él.3 in their studies

of the scatteriﬁg‘of H., D, and HD molecules from the Ni(100) surface.

2° 72

H_, vhose rotational ener states ted >
29 - k. &y were sepa;atedrby AErotation kT

at the experimental temperatures, showed & sharp intensity maximum
at the specular angle when directed at the solid:in'the form_of a

molecular beam, while beams of HD and D. for which AE is of

2 rotation
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the order of kT, produced broad angularidistribufions, indicating
efficient energy exchange;' Further evidence that surface scattering
involves.the excitation of rotational energy states was obtained by
inéréaéiﬁg the beam temperafﬁre and observing changés in the ahgulér

diétribution of scattered H An enérgy accommodation model, deveioped

X
by Feuer& fpf the case of diatomic moleéules scattered from surface
atoms, does indeed predict efficient energy éxchange between surface
vibrations and the rotational modes of diatomic molecules. Experimental
studies.havé indicated that energy transfer takes place efficiently
when the magnitude of the surface vibrational energ& quantum is com-
parable to the energy to be transferred to or from the internal states
of the gas holecule. At temperatures above the Debye temperature, the
thermal energy, 3RT, may. be used tovestimate the méximum quanta of
 vibrational energy that is transferred by e surfacgmatpm.

In order to investigate furfher_the nature Qf energy transfer
between the internal modes of molecules and the'vibratidnal modes of

t

surface;atoms, we have studied the angular distribution of several

2? Hz’ De’ Coe’ N2°’ Czﬁz"

), scattered from the clean (100) face

diatomic and polyatomic species (CO, NO, 0., NO
methylene cyclobutene and NH3

of a platinum single crystal and from the same surface covered by a

layer of graphite.s We have also monitored the angular distribution

of molecules scattered from a layer of like molegules (co, C2Hh)
adsorbed on the surface.

The eﬁergy transfer appears to 5e poor (except for ammonis) when
scattering takes place from clean orucarbon covéred_platinum surfaces.

On the other hand, efficient energy transfer takes place on scattering




CO or C2H2 in the presence of adsorbed (CO or Q2H2‘molecules. These
results can be explained assuming the presence 6f high frequency
vibrational modes associated with the adsorbed ﬁolecules. “This way,
there is a matching of vibrationai fréquencies of the céllision pairs
(surface‘atbms—-gas molecules) which produces the efficient vibrational-

vibrational (V-V) energy transfer. These Vibratiopal frequencies may

be estimated from the simple models6 that were proposed.



II. EXPERIMENTAL

The apparatus used for these experiments has~been described in - ’

detail_elsewhere.? In brief, the ﬁolecplar beam'emanates from a
source cOnsisting of a hulti—channei array andvé reservoir maintained
at a pfeésure of several torr, Differentiallpﬁmping is used between
the éourée and the scattering chamber to reduce the ambient gas pressure
to UHV levels. A£ the single crystal surface, the»indident flﬁx is
approximately 1013 moiecules/cmz/sec, modulated'at l50 Hz to allow
phaéé sehsitiVe detection of the scattered signal. .During the
experiments'a high speed ion pump maintains the background pressure
in the_scattering chamber in the low 10f9 torr range. The scattered
beam in detected by a qﬁadrupole mass spectromeﬁer with an ionizer
acceptance angle of 76. Due to the openrconstruétion of the ionizer,
the ion intensity is proportional to the ;umber'dégéify of molecules
in the fange of the acceptance angle. Scattered signals are reported
in the plane of inc{dénce; no attempt was made to anélyze the out-of-
plaﬁe scattering intensity.

Surféce structures of the clean surface or pf those resulting
from‘adéorbed gases were monitored by low energ& electron diffraction
~ (LEED) optiésbbuilt into thé scattering chamber. Tﬁe Pt(100) single
crystal surface was Chéracterized by a LEED diffraction patterh
indicatirig" a (5x1) surface structure when gleaﬁ, and a (1x1) structu.ré
following the adsorption of carbon monoxide, carbon or hydrocarbons.8

g torr at

Its cleaning required heating in an oxygen pressure of 10~
800°C for an extended period (10 minutes-100 minutes depending on the

amount of carbon on the surface). A layer of sﬁrface'carbon was the

= e
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the major impurity encountered in these experiments. Surface cléanliness
was deﬁermined by Auger electron spectroscopy (AES), carried out using
the LEED electron optiecs. Typical Auger spectra of-a clean and of a

Co covered platinum surface are shown in Fig. 1."An auxilliary titanium
sublimation pump was used to reduce the partialvpreésure of CO in the
ambient when desired, In each éxperiment it was possible fo monitor

not only-ﬁhe scattered beam intensity as a funcfion of scattering angle,
but also tqldetect the incident beém intensity. This way the data could
Se'presentgd in terms of the mormalized beam intensity I(6)/I(veam) that

.

allows & direct comparison of all of the scattering curves for different

/
~ gases.



—6-

IITI. RESULTS

A. Scattering from the Clean Pt(100)-(5x1) Surface

,Figurés 2-k show the angular distributions of CO, N, and 0, scattered
from the clean plafinum surface. The'cleanlineés of this surface during
an experiment could easily be checked since thé diffraction beam inten-
sifies due to the (5%1) surface structure are known to deteriorate
rgpidly upon the adsorétion of ambient gases (mostly CO). Scattered
beam intensities have been nOrmalizedvto the incident beam infensityr
so that all of the’beam'intensities in these figu?es can be compared
directly. The angular distribution of the scaﬁte;ed beam is peaked at
or near the specular angle for all of these diatomic gases. It should
be noted that for these experiments the source femﬁérature (which defines
the bea@ temperature Tﬁeam for a Maxwellian velbcity.distribution) was
300°K while the surface temperature was ssmewhét-hsttEr (475°K). It
was neceséary.to maintain this slightly elevated femperature during the
ééattering.experiments with the clean platinum surface because the
v surfacevtemperature must bé above the point at which CO in the o binding
ﬁtatevdesorhs. Otherwise, the surface would soon be covered with a
. leyer of OL-CO.8

‘Figure 5 shows the angular distribution of nitric oxide, NO,
scattered from the (lOO) face of platinum. The sﬁrface tenperature
for this-experiment was 1200°K because.the thermal“dissociation of N20
weas alsé being investiga.ted.9 Due to the higher surface temperaturs,
‘the angular distribution is broader than those éfeviously shown and

the peak intensity appears at the position nearer to the surface normal,

than the specular angle, as it should accdrdingrto_various mbdels for



moyxne,ntmnvt»_x'ia.ﬁsfer'from_the hot surface to the colder gas. The angular
distribution is still peaked however, and not cosine in nature, thus
indicﬁting'tﬁe lack of complete energy accoﬁmodaﬁioﬁ as in the case

of all thé other incident diatomic molecules.

The scattering of molecular beams of hydrogen aﬁd deuterium was
also studiéd. The resﬁlts are shown in Figs. 6 énq T for a .clean
_‘plgtinum sﬁrface maintained at 1175°K; Compared to other diatomic
- gases scgﬁtered'from hot éurfaces, these curvesvére intense and the
maxima-féll at the spéculgr position és nqted in previous studies.lo’ll
Whilé the.angular.distributions are surprisingly_broad for both molecules,
it appears;fhax the angulaer distribution of scattered deuterium beam
ma& be SOmgwhat narrower than that of hydrogen and that thevoverall
,intensity'ﬁay be'slightiy higher, although ﬁhe'exéérimental uncertainty
does not pefmit a definitive answer at thik time. !Neither the presence
6f'okYgen nor hydrogen in'the amﬂientiof éhé scéttéring chamber Seemed
to effect the D

5 écattering, but there was a large amount of scatter
in the'data'éhd a high background noise level.

o " Several poiyatomic gases vere also scattered from the clean (100)
'féce'pf platinum. Figures 8 and 9 show the angular distribution of

2 2

the scattered beams of'tko‘triéafomic molecules, CO, and N.0. Again,
the angular distributions are‘peékéd at or near:ﬁhe specular angle.

The higher $urféceptémperature in the N,0 study9 has shifted'
the peak’intehsity éomewhaﬁ'tOWQrd the surface normal. Figures 10
and 11 show the angular distributions of scattered beams of two

lydrocarbons , acetylene and methylenecyclobutane. ' As in the

previbﬁs cases ‘the ihténsity.maximum occurs near the specular position
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for low surface temperature (acetylené) and is backscattered at high
surface temperatures (methylenecyclobutane). In summary : the
scatteréd-diatomic and‘polyatomic molecules we have investigated have
angular’distributiops with intensity maxiﬁa at or‘nearvthe specular
angle. | ,

The only exception to this type of directéd scattering from the
Pt(;OO):is that of ammonia. Ammonia molecular beams had a cosine-like
scattered angular distribution as can be seen in Fig. 12. The ammonia-
| platinum intergction appears to be strong that»leads‘to near thermal
equilibrium betweeﬁ the ges molecules aﬁd the éﬁrfaéé during the éollision
. time.

B. Scattering from Molecules Adsorbed on
the (100) Face of Platinum

_Carboﬁ monoxide and acetylene.both c&eﬁisofblfga§ily oﬁ platinum

at 300°K. Carbon monoxide forms several ofdered surface structures
dep%hding on theISurface concentration and surféce temperature.

Acetylepg_forms‘ai(JE&/E)—Rh5° surface structdré.lz_ Although the
 surface ofder is easily discernible by low eneréy:electrdn diffraction
fhe higﬁ.background intensities in the diffraétign'pattern indicate a
fair ampunt.of_disorder in the adsorbed layer aﬁd_this has'been.sub_
stantiated by molecular beam studies. |

- The angular_distribution of carbon monoxide:sEaitefed from an
adséfbedjlayer of carbon moﬁOXide oh platinum is'shoyn‘in'Fié. 13.
The scatte:éd beam has a very broad Ahgular.distfibufioﬁ thét does not
change vithvdiffe}ing angle of.incidencé, thu;'indiqating a_chéﬁgé in

the nature of‘gas-solid_interactioh. This result should be contrasted
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with the scattering of CO from the clean platinum surface (Fig. 2) that
had an inﬁénsity maximm at the specular angle. The angular distribution
of acetyléne scattered from a layer of adsorbed.acetylene is shown in
Fig. 14. The scattered béam'again haé a broad, cosine-like distribution.
These observations seem to indicate that complete .energy accommodation
occurs between the surface. and the incident molecules within the collision
time. |

Carbon forms a graphitic overlayer on the (100) face of platinum.
The resultant ring-like diffraction pattern indiéates the presence of .
domains of graphite that lie with their basal piané parallel to the
surface and’yet show rotational disorder. We have scattered the molecular
beams of several diatomic molecules from this céfbon layer. Figures
15a and b show examples that in every case the-angular distribution of
the scattered beam was peaked near.or at hhe specdiar'angle, indicating
incomplete energy accommodation between the incident molecules and the

carbon covered surfdce.
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" IV. DISCUSSION.

" One of the general conclusions one may draw from the results
obtainedvby monitoring the angular distributioo‘of.the scattered beams
of diatoﬁic and polyatomic moleculesvfrom the cleah platinum (100)
surface is'that in every case (with thevexceptioalof ammonia) the
angular distributiOn'is non-cosine, it has an lﬁteasity maximum at
or'hear the specularlangle. The peak intensities and.the widths of
the angular’distributions mayvvary depending onuthersurface temperature.

‘The'kinetic energy of the scattered molecules at.the various angles
has not beep determined in these experiments. ‘Thas, any conclusion as
to the.nature of.energy transfer between the surface atoms and the
incident molecules:has to be arrived at from the inspection of the
»angular distribution. The absence of a cosine-like scattering distri-
bution and the large intensity maximum near the.séecular angle does

1ndicate however “that there 'is incomplete energy accommodatlon between

the platinum surface atoms in the single crystal surface and the incident

gas molecules. It is 11kely that some fractlon of the molecules that
appear at the_specularvaagle bhave velocities identical to the incident
velocity; while‘others alsovappear at this angle_after undergoiag
ihelastic scattering. | | |

Results also indicate that energy transfer is inefficient when
the incident molecules are scattered from carbon—covered platlnum ,
surfaces. It appears that the vibrational modes of platinum atoms at
the surface, or of carbon}atoms in the graphite.layer on the platinum'
surface;vimpart enough.momentum to_reflect the_diatomic or pol&atomic_

species with high efficiency before adsorptioa;caa take place and permit
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complete energy accammodation. It should be notéd that directed
scattering occurs from both of these suffaces régérdless of the large
differénce>in>atomic weights between platinum and carbon.

Once’a'layer of adgorbed CO is present on;tﬁe-surface, however,
energy aécomm6dation 6f the incident CO molgcuies is entirely different
from that on clean platinum or on carbonvcovered'suffaces. The incident
_moleculegéollides with the carbon monoxide layer‘and is then reflected
with a near-cosine angular distribution indicating significant energy
accdmmﬁdationl Thus , the carbon-oxygen bond of the adsorbea CO molecule

has suitaﬁle vibrational modes that permit effiéient'energy transfer
.between'the Co(gas) and CO(adsorbed) while no sﬁch modes exist between
CO(gas)'éhd’C(adébrbed)'or Co(gas) and'Pt(surface). In the same way,
02H2(gas)AshOWS complete energy accommodation with an adsorbed C H,
layer within the collision time as indicaQed by the distribution of
scattered beam that again éxhibits cosine characfér. It appears that
these low'molécular;weight adsorbéd:gases have vibrational modes that
allow rapid energy transfer on collision, whilevadsorbéd carbon, with
an evén sﬁéller atomic wéight, and platinum itself,‘do not.

. ReCéﬁfly,Beebe ana Dobryzhnskyl3 have suggeéted that if vibra-
tional modes that are cldsely éimilar in energy to the thermal trans-
1atibnal'energy'of;the incideﬁt particle exist for-surface atoms, the
incident particles will be reflected. In the'absénce of such modes,
the particle may bé:adsorbéd and must wait fér desorﬁtion until the
surface modes come into phase. Thus translational(T)-vibrational(V)

3energy'transfer between incident molecules and the surface is not very

likely if the two are matched in energy, hut such an energy transfer



s

resuits_in a reflection of theimolecule from the surface. For these
relﬁtivelj high temperature experiménts (T > Déb&eltemperature), the
thermai ene?gy of surface atams that is due to.the vaiious modes of
lattice:viﬁrations is of the same magﬂitude as_the/kinetic enefgy

of the.iﬂcident molécule. The eneréy of ékéitatign of diatomic
molecules to their first excitéd vibrational staté?‘hbwever3 is so
high (®0.1 eV) that the surface phonon energies (*0.02 eV) are in-
suffiéient to cause vibfational excitation.in the diatomicAmolecule at
the expefiméntalvtémperaxures.

Aimand‘et 31.6 have suggested that adsorptipn‘of & low molecular
weight éaé on a surféce cfeates high frequency éﬁrface modes, the
frequencies being similaf to the ﬁibr#tional frequency of diatomic
gaévmolecuiés. On the other hand, the adsorption of-high molecular
weightigas‘molecules with respect to the étomic weight of the adsorbing
éurface'afoms'cfeates low.frequency's;rface modes whose frequencies
afe ldwer ﬁhan.thé vibrational modes of the adsorbing solid. This
'theory.isvyet to be tested rigorously, buf it wéu;d predict the thermal
accommodation of CO molecules-by & layer ofvadéorﬁédvco_or the accommo-
dation of C2H2 molecules by adsorbed 02H2, as duéitobvery'efficient v-v
energy_traﬁ;fer prqceSSés between the high freQuenéy'vibrational modes
of the adsorbed:moleeulg and the ihcident moleéulé; Also; the vibrational
modes of a&sorﬁed molecules of higher energy thanithe kinetic.énefgy of
the incident molecuie,would not ailow, according toﬁthe Beebe model,
refléction-of tﬁe incident particles. |

So;fa: we héve not considered the possibilify.of the e#Change of

energy betveen the rotational modes of the incident diatomic molecule

«
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and vibrational states of ‘the surface atoms. While the ground and
first excited vibrational énergy states of the gas molecules are 0.1-
0.2 eV apart for most of the diatomic and polyatomic molecules considered

3

" here, the first two rotational energy states are ~10 ° eV apart for

nitrogen and for all other molecules with the exception of H, and D,.

2 2
0]
3 that coupling between the

It has been shown by Saltsburg et al.
vibrations of surface atoms and the rotations of diatomic molecules
can yield'strong V-R interactions that may rotationally excite diatomic
molecﬁles (at least in the case of H2, D2 or HD). However, due to the
émall energy separation of rotational states for all other molecules,
mény of the higher rotational states are already excited. Feuer's
model predicts that whenever the temperature of the solid exceeds that
of the gas (or beam), not only can vibrational energy be transferred
from the iattice into rotational modes of\the'gas;'buﬁ also some of
the rotational energy of the gas may Be converted into translational
energy. The net effect of these V-R and R-T energy transfer processes
shOuld Be to broaden the angular distribution of.the scattered béam
and to impart a diffuse component to the scattered gas. This energy
transfer mechanism might be especially effectivé in the case of ammonia
due to its large number of rotational and vibrational‘modes, and may
give rise to the observed cosine-like distribﬁtion.

In summary, the absence of high frequency vibrational modes for
surface atoms that would match the vibrational excitation energies of
inéident diatomic molecules is the likely cause of the poor energy

accommodation on platinum or carbon covered platinum single cfystal

surfaces. . Adsorbed carbon monaoxide or asctylene facilitate efficient



14

energy transfer between the surface and the incident molecules. This
~can be'explained by assuming the creation of high frequency surface modes
on adsorption of these gases that allow strong V-V energy transfer

between;the collision pairs.
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V. COMPARISON WITH OTHER éCATTERiNG_RESULTS
It is possible to compare the écattering résuits gbove, with data
pfevioﬁsly'obtained for scattering various diatomig and polyatomic
moleculeé from the (111) surface of several other fcc metals, at the
(110) face of tungsten .and different polydrystalline solids. In general,
ﬁhere is good agreeﬁent with our observations of poor accommodation of
the incident beam on clean surfaces and efficient accommodation on gas

14,15 have studied the

véovered surfaces. Coltharp, Scott and Muschlitz
scatterihg of nitrous oxide from a tgngsten ribbon composed primarily of
bcryStallifes having the (112) orientation. At room temperature they
detected a cosine angulsr distribution for the.refiected gas. The
ambient pressuré in.their scattering chamber was'lQ_6 forr, high enough
to insufe that‘the Surface was covered by adsorﬁed gases. They also
observea, however; that high surface tempyratures yielded pronounced
lobulér'distribﬁtion'with broad intensity maxima‘in the vicinity of

the specﬁlar éositiqﬁ. These samé authors report that ‘both nitrogen

;nd nitric oxide are backscattered froﬁ a tungsten surface heated to
2500°K,:»Although.our platinum surface temperature was considerably
lower;:ve have also observed that nitric oiide~scattered back toward

the sufface"normal from the hot'sﬁrface in agreement with thgir obser-
vation. The scattering of nitrogen‘molecules has been studied by
several authors.ls’l6’17 Hurlbut16 found that nitfogen was scattered
diffusely (i;e. with a cosine angular distribution) from polished sfeel,
polishedlaluminum,_and unpolished glass except at pear—grazing incident

angles (6 > 80°) where some peaking was observed. In view of

“incident

the poor residual vacua achieved, (11.0-‘6 torr) and the presence in the
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work chamber of hydroéafbon vapors from the diffusion pump oil, the
specimen surfaces were undoubtedly contaminatedvand we would thus expect

them to yield distribution of scattered gas molecules close to the

19

cosine péttern. 'Stickhey and Hurlbutl8 and Stickney ~ have measured

2 H2’ 002)

and the surfaces of tungsten, aluminum and platinum, through the use

the momentum transfeér between several gases (He, Ne, Ar, N

of a sensitive torsion balance. Angular distributions are not determined
and thus, direct comparison of their datarwith'thosé reported in
this paper cannot be carried out. In the oniy other systematic inves-

tigation of the scattering of polyatomic gases besides the studies
. . , 17

reported here, Saltsburg et al. have reportedithe scattering of several

molecules, H HD, D2, 0

2’ 2’
silver single cfystal.' Their results for niﬁrogen show a slight back-

\

CO and CO2 from an epitaxially grown (111)
scatter but the surface was held at 560°K ‘in their experiment, as

compared to T, = 475°K in our work where not backscatter was observed.

S
A:betteflcomparison'between fheir.work and our wbrk may be achieved

by looking gt the scattering of nitrogen and oxygen. Theif data indicated
that béth,curves have maxima at the same location and are similar in
intensity.énd peak shape. Fram our figures (Figs. 3 and L) ﬁe can see

that the‘sﬁattering of,nitrogenvand oxygen from the Pt(100) surface

Yields the same reéults. Additionally, 60

5 scattering in their system

produces a lower intenSity maximum than the scattering of either N2 or
02, although all three gases have peak intensities'at the same angle.
Comparing our data with theirs shows that similar trends exist for

the platinum surface.
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There are no data in the literature for hydrocarbon scattering
except -for methane, which shows backscatter from a (111) silver surface

20 Smith and Mérrill21 have studiéd the irrerversible

at T, = 560°K.
_ S :
chemisorption of ehtylene on a Pt(111) single c¢rystal by combined LEED
and helium beam techniques, but evidently did not attempt to scatter

. the gas. Thus, our résﬁlts-for’acetylene and methylenecyclobutane

must stand alone. The likelihood of electronic or vibrational excitation

of C2H2 by the cleaﬁ platinum surface is small, although we already

know from our work that this gas readily adsorbs and decomposes on
.platinum; Methylenecyclobutane seens to be the,léfgest projectile
(13 atoms) used to date in gas-solid scattering éxperiments.

In their investigation of the scattering behavior of polyatomic

v 1
gases on (111) silver, Saltsburg et al. T

found that the CO and 002
5cattering distributions are quite similar . This is in agreement with

our Qbservatidns of CO and CO, scattering from the (100) platinum surface

2
if we take inéo acc?unt the adsorﬁtionvof CO on Pt surfaces and that
CO does not adsorb on silver at 300°K. The surface of silver was also
émployéd in a study of the angular distribution §f}scattered ammonia.20
The pattefn wvas found to be very broad and almost pompletely diffuse
in nature,'which.is similar to the data shown in Fig. 12 for ammonia
écattéred‘from Pt(100).

Mﬁéh éttention.has_beeh directed toward fhe'écattering of hydrogen
. and déutérium from metéi surfaces, ahd data now exist for experiments

conducted on Ni,>*22 Au;?3 g, 10524 py11,25,26 i 4w 2T por a1l of
these solidé, providedighe surface is clean, the maximum intensity

occurs at the specular positions, although the dispersion or half-width
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of the scettered beam varied somewhat. In order to explain the broad
peak that was observed in many experiments between the surface normal

and the specular angle in the angular distribution of H HD, and D

©.3,10,2L4

2’ 2’

Palmer et al invoked energy transfer between the rotational
_energy states of the incident hydrogenic épeciee end thekvibrafionél
modesIOf’the surface atoms in the silver and nickel:lattices. Their
model fer R-V energy traﬁsfer is further supported by'the beam tempera-
ture dependence of the deuterium scattering distfibutioh; There can be
no doubt about the markedly different scattering distribﬁtions observed
by Palmer ef al. when hydrogen isotopes were impinged on the epitaxially
grown thin film. Our studies of H, and D, scattering from the Pt(100)
surface and those of Smith28 for D2 from the Pt(lll) surface show no
peaks other than the specularly directed one, and we find no evidence
fer marked differences between the angulsy distributions of scattered
H2 and D2 molecular beams. Sﬁith and Merrill,ll however; have found

a spatial distributjon reminiscent of those observed by Palmer et al.
'when.D2 is scettered from an.unetched Pt(111) crystal surface. 'Tﬁis
result indieates that perhaps surface roughness is important in effeeting
R—V.energy transfer between incident diatomic molecules and the selid.
It appears that the epitaxial silver and hickelbsurfaces used in the
experiments by Palmer ef al. could have been censiderably rougher on

an atomic scale then the well-cheracterized platihgm single crystals
.used in our work aﬁd the work cited abeve.i Ineaddition, fhe-surface

temperature in our studies was higher (1175°K) than the surface tempera~

ture used in the scattering studies with silver (570°K). If microscopic
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disordéf‘enhances'rotationai coupling to the solid,'evén a surface
"disordered" throughbheafing (due to the large mean square displacement
of surfécé atoms) could possibly cﬁuse significant iﬁternal excitation
of hydrogéhiC’ﬁolecules.' Unfortunately, systematic variation of the

surface temperatﬁre during the scattering of H and D, beams have not

2 2
been carried out'mostly because of the likely contamination of the
platihum suiface at lower temperatures by the adsorﬁtion of carbon
monoxidé from the ambient. Such study will be ¢Arried out in the near
futﬁre t§funcover the causes of the discrepancy between the deuterium
beam scattering characteristics reported by the various investigators.
We have already pointed out that the hydrogén ana deuterium datsa
presented bere (Figs. 6 and T) show rather broad.péaks. At TS = TT5°K

28

Smith“" reported & half-width of 29.5° for D, scattering from Pt(111)

2
and a maximum intensity of 1.5%, down from . 3.6% at. Tg = 375°K. These

values may be compared to those we find at ll?S?K for D, scattering

2
from the Pt(ldo): Ehe maximum inténsity 0.9% and the half-width 50°.
One would'éxpect a loﬁer intensity and perhaps broader dispersion due
to the higher surfgce temperature, Feuer's enalysis of the energy
éxchapée between rigid rotors of diatomic moleéﬁles and a soiid surface
also helps to explain the observations as discuéséd earlier;

Aithough there is thé poésibility of V-T eﬁefgy transfer for diatomic
moleculés from>tﬁe cléan surface and our date indicates that there is
evidence for'efficient V%V energy transfer between the incident diatomic

molecules and diatomic molecules adsorbed on the platinum surface, it

is difficult to obtain accurate information on thé'details of the energy
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transfer without an energy analysis of the scattered beam. It appears
that to obtain reliable V-V, V-T and T-R energy transfer information

one must‘measufe thg kinetic energy of the scattered beam by time-of-
flight techhiques that would modulate tﬁe ééattgred beam and measure the
time-of-flight after scattering. »Experiments are in progress in our
laﬁoratory on a moaified'apparﬁtus that allows us to measure the trans-
lational energy (velocity) of the scattered bea@ to obtain more detailed
information ahout_eﬁergy transfer between surfaée’atom vibration and

internal-enérgy states of diatomic and polyatomié molecules.



LT

N T & B A el 3

-2]-

VI. CONCLUSION

Unlike monatpmic_gases, diatomic molecules_may.exchange energy

with the vibrational modes of surface atoms (i.e. surface phonons)

through their vibrational and rotational gnergy»statés; From clean

surfaces, we infer from the angular distributions that many'diétomic

and polyatomic molecules scatter without complete: energy accommodation.

This can be explained by the strong recoil effect due to matching of

the translational energy of the incident molecule with the vibrational

energy of the surface atoms. The energy accommbdation of the incident

diatomic molecule appears to be complete when Scattered by an adsorbed

layer of the same diatomic molecule. Armand's model that postulates,

xupon‘the‘adsorption of low molecular weight gases, the creétion of high

ffequency vibrational modes that have the same magnitude as the vibra-

‘ . . \ o _
_tional frequenc1es of the incident diatomic molecules and much higher

freguencies than the lattiée phonons, can explain these findings. The

camplete energy.accémmodation in this case is due to V-V energy transfer

that, apparently, is very efficient. V-R and R-T transitions are also

possible a@d_when'they takevplace'angular distribution of the scattered

beanm -ig broadened.
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FIGURE CAPTIONS

Auger spectra of clean and carbon and carbon monoxide covered

- platinum surfaces.

Carbon monoxide scattering distribution taken by'flashing the

Pt(lOQ)‘Sample between data points (IBeaﬁ é incident beam

“intensity).

 Angular distribution of

a nitrogen beam scattered from a

clean Pt(100) surface (IBeam = incident beam intensity).

- Angular distribution of

clean Pt(100) surface.

Nitric Oxide scattering

~surface.

Angular distribution of

Pt(100) surface.

Angular distribution of

 clean Pt(100) surface.

10

11

12

Angular distribution of

Pt(100) surface.

. Angular distribution of

.élean‘Pt(loo) surface.

Angular distribution of
Pt(100) surface.

Angular distribution of

" from & Pt(100) surface.

Angular distribution of

an oxygen beam scattered from the
distribution from a clean (100) platinum
hydrogen beam scattered from a clean
\
a deuterium beamfscattering from a
a 002 beam scattered from a clean
& nitrous oxide beam scattered from a
an acetylene beam scattered from a

a beam of methylene cyclobutane scattered

an emmonia beam scattered from a clean

(100) crystal face of platinum.
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Ahgular‘distribution of a carbon monoxide beam scattered

 from a carbon monoxide covéred Pt(100) surface;

Angular distribution of an acetylene beam scattered from an

acetylene covered (100) crystal face of piatinum.

Angular distribution of a beam of nitric oxide scattered from

a carbon covered (100) face of platinum.

Angular distribution of a beam of nitrous 6xide scattered from

a carbon covered (100) platinum surface.

Angular distribution of a beem of nitrdgen-didxide scattered

‘from a carbon covered (100) platinum surface.

_Angular distribution of a beam of carbon monoxide scattered

from a carbon covered (100) platinum surface.
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