
Lawrence Berkeley National Laboratory
Recent Work

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

Permalink
https://escholarship.org/uc/item/1058s7vf

Author
West, L.A.

Publication Date
1972-06-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1058s7vf
https://escholarship.org
http://www.cdlib.org/


" . 

·' 

Submitted to Journal of 
Chemical Physics 

I . , 

LBL-89S 
Preprint ". 

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

L. A. West and G. A. Somorjai 

June 1972 

AEC Contract No. W -740S-eng-48 

For Reference 

Not to be taken from this room 

, 



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. 



. . 

U ~.1 U Q .S 8 U 

-iii-

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 California, 

Berkeley, California 

ABSTRACT 

The angular distribution of diatomic (CO, N2 , 02' NO, H2 , D2 ) and 

polyatomic (C0
2

' N20, C2H2 , NH3 and methylene cyclobutene) m.olecules 

were monitored upon scattering from the clean and carbon covered (100) 

crystal face of platinum. All of the scattered molecules (except 

ammonia) exhibit directed scattering with intensity maxima at or near 

the specular angle, indicating poor energy acc<?mmodati'on during collision. 

On scatterings CO and C
2
H

2 
from an adsorb~ layer of carbon monoxide or 

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

cant energy accommodation between the incident gas molecules and the , 

surface. It appears that if the vibrational energy of surface atoms 

and the translational energy of the incident molecules are of the same 

magnitude, the incident particles will be reflected. The near complete 

energy accommodation 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 gases. Th'1s way, there is 
'\ 

matching of vibrational frequencies of the collision pairs (gas molecules-

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

* Presently located at Sandia Laboratory, Livermore, California. 
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I. INTRODUCTION 

Studies of the scattering of atomic and molecular beams from solid 

surfaces reveal the nature of energy transfer between an incident atom 

or molecule and surface atoms. For monatomic gas atoms energy can only 

be exchanged between the tr~slational modes of the incident atom and 

the vibrational states of atoms in the surface. The interaction of 

monatomic gases with solid surfaces has been studied sufficiently to 

allow the development of the "hard-cube" and "soft-cube" scattering 

1 2 
models.' 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 1m ) The major assumption of the cube models, that momentum gas surface' 

changes only along its perpendicular component while the magnitude of , 
the parallel component is conserved, stands up well under experimental 

scrutiny. 

i 
For diatomic molecules, however, the interaction between the gas 

and the solid is more complex due to the possibility of additional 

energy exchange between the internal states of the molecule (rotation 

and vibration) and the vibrational modes of the surface atoms. That 

such energy exchange takes place efficiently has been demonstrated 

3 by the striking observations of Saltsburg et al. in their studies 

of the scattering of H2 , D2 and liD molecules from the Ni(lOO) surface. 

H2 , whose rotational energy states were separated by 6E . > kT 
. rotat~on 

at the experimental temperatures, showed a sharp intensity maximum 

at the specular angle when directed at the solid in the form of a 

molecular beam, while beams of liD and D2 for which 6E t t' is of ro a ~on 
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the order of kT, produced broad angular distributions, indicating 

ef~icient energy exchange. Further evidence that surface scattering 

involves the excitation of rotational energy states was obtained by 

increasing the beam temperature and observing changes in the angular 

distribution of scattered H
2

• An energy accommodation model, developed 

4 . . 
by Feuer for the case of diatomic molecules scattered from surface 

atoms, does indeed predict efficient energy exchange between surface 

vibrations and the rotational modes of diatomic molecules. Experimental 

studies have indicated that energy transfer takes place efficiently 

when the magnitude o~ the surface vibrational energy quantum is com-

parable to the energy to be transferred to or from the internal states 

o~ the gas molecule. At temperatures above the Debye temperature, the 

thermal energy, 3RT, may be used to estimate the maximum. quanta of 

vibrational energy that is trans~erred by (" surface ___ atom. 

In order to investigate further the nature of energy transfer 

between the internal modes of molecules and the vibrational modes of 

surface atoms, we have studied the angular distribution of several 

diatomic and polyatomic species (CO, NO, 02,N0
2

, H
2

, D
2

, CO
2

, N
2
0, C

2
H

2
, 

methylene cyclobutene and NH
3

), scattered from the clean (100) face 

o~ a platinum single crystal and from the same surface covered by a 

layer of graphite. 5 We have also monitored the angular distribution 

o~ molecules scattered from a layer of like molecules (CO, C
2

H4) 

adsorbed on the surface. 

The energy transfer appears to be poor (except for ammonia) when 

scattering takes-place from clean or carbon covered platinum. surfaces. 

On the other hand, e~ficient energy transfer takes place on scattering 

t 
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CO or C
2

H
2 

in the presence of adsorbed (CO or C
2

H
2 

mole"cules. These 

results can be explained assuming the presence of high frequency 

vibrational modes associated with the adsorbed molecules. This way, 

there is a matching of vibrational frequencies of the collision pairs 

(surface atoms--gas molecules) which produces the. efficient vibrational-

vibrational (V-V) energy transfer. These vibrational frequencies may 
6 " 

be estimated from the simple models that were proposed. 

, 
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II. EXPERIMENTAL 

The apparatus uSed for these experiments has been described in 

detail elsewhere.7 In brief, the molecular beam emanates from a 

source consisting of a multi-channel array and a reservoir maintained 

at a pressure of several torr. Differential pumping is used between 

the source and the scattering chamber to reduce the ambient gas pressure 

to UHV levels. At the single crystal surface, the inCident flux is 

13· 2 
approximately 10 molecules/cm /sec, modulated at 150 Hz to allow 

phase sensitive detection of the scattered signal. During the 

e~periments a high speed ion pump maintains the background pressure 

in the scattering chamber in the low 10-9 torr range. The scattered 

beam ih detected by a quadrupole mass spectrometer with an ionizer 

acceptance angle of 7°. Due to the open construction of the ionizer, , 
the ion intensity is proportional to the number density of molecules 

in the range of the acceptance angle. Scattered signals are reported 
i 

in the plane of incidence; no attempt was made to analyze the out-of-

plane scattering intensity. 

Surface structures of the clean surface or of those resulting 

from adsorbed gases were monitored by low energy electron diffraction 

(LEED) optics built into the scattering chamber. The Pt(lOO) single 

crystal surface was characterized by a LEED diffraction pattern 

indicating a (5 xl) surface structure when clean, and a (lxl) structure 

8 following the adsorption of carbon monoxide, carbon or hydrocarbons. 

Its cleaning required heating in an oxygen pressure of 10-5 torr at 

800°C for an extended period (10 minutes-IOO minutes depending on the 

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

.t 

., 
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the major impurity encoUntered in thes.e experiments. Surface cleanliness 

vas determined by Auger electron spectroscopy (AES), carried out using 

the LEED electron optics. Typical Auger spectra ofa clean and of a 

CO covered platinum surface are shown in Fig. 1. An auxilliary titanium 

sublimation pump was used to reduce the partial pressure of CO in the 

ambient when desired. In each experiment it was possible t'o monitor 

not only the scattered beam intensity as a function of scattering angle, 

but also to detect the incident beam intensity. This way the data could 

be presented in terms of the mormalized beam intensity I(e)/r(beam) that 

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

gases. 

, 
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III. RESULTS 

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

Figures 2-4 show the angular distributions of CO, N2 and O2 scattered 

f'rom the clean platinum surface. The cleanliness of' this surface during 

an experiment could easily be checked since the dif'fraction beam inten-

sities due to the (5xl) surface structure are known to deteriorate 

rapidly upon the adsorption of ambient gases (mostly CO). Scattered 

beam intensities have been normalized to the incident beam intensity 

so that all of the beam intensities in these figures can be compared 

directly. The angular distribution of the scattered beam is peaked at 

or near the specular angle for all of' these diatomic gases. It shouid 

be noted that for these experiments the source temperature (which defines 

the beam temperature Tb· for a Maxwellian velocity distribution) was eam 

3000 K while the surf'ace temperature was s~ewhath6tter (475°K). It 

yas necessary to maintain this slightly elevated temperature during the 

scattering experimellts with. the clean platinumsurf'ace because the 

sur.f'ace temperature must be above the point at whi.ch CO in the a binding 

atate desorbs. Otherwise, the surface would soon be covered with a 

8 layer of a-CO. 

Figure 5 shows the angular distribution of nitric oxide, NO, 

scattered from the (100) face of platinum. The surface teoperature 

for this experiment was l2000 K because the thermal dissociation of N
2

0 

was also being investigated.9 Due to the higher surface temperaturs, 

the angular distribution is broader than those previously shown and 

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

than the specular angle, as it should according .. tovarious models for 
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momentum transfer from the hot surface to ,the colder gas. The angular 

distribution is still peaked however, and not cosine in nature, thus 

indicating the lack of complete energy accommodation as in the case 

of all the other incident diatomic molecules. 

The scattering of molecular beams of hydrogen and deuterium was 

also studied. The results, are shown in Figs. 6 and 7 for a clean 

platinum surface maintained at 1175°K. Compared to other diatomic 

gases scattered from hot surfaces, these curves are intense and the 

maxima fall at the specular position as noted in previous studies.lO,ll 

While the angular distributions are surprisingly broad for both molecules, 

it appears that the angular distribution of scattered deuterium beam 

m8\Y' be somewhat narrower than that ofbydrogen and that the overall 

intensity mB\Y' be slightly higher, although the experimental uncertainty 

does' not permit a defini ti ve answer at thi\ time. 'Neither the presence 

of oxygen nor hydrogen in the ambient of the scattering chamber seemed 

to effect the D2 'scattering, but there was a large amount of scatter 

in the data and a high background noise level. 

Several polyatomic gases were also scattered from the clean (lOO) 

face ~f platinUm. Figures 8 and 9 show the angular distribution of 

the scattered beams of two tri-atomic molecules,C02 and N20. Aiain, 

the angular distributions are peaked at or near the specular angle. 

The higher surface temperature in the N
2

0 stucty9 has shifted' 

th.e peak 'intensity somewhat toward the surface normal. Figures 10 

and 11 show the angular distributions of scattered beams of two 

hydrocarbons; acetylene 'and methylenecyclobutane. 'As in the 

preyious cases 'the intensity .maximum occur~ near the specular position 
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for low surface teniperature (acetylene) and is backscattered at high 

surface temperatures (methylenecyclobutane). In summary: the 

scattered diatomic andpolyatomic molecules we have investigated have 

angular distributions with intensity maxima at or near the specular 

angle. 

The only exception to this type of directed scattering from the 

Pt (100) is that of ammonia. Annnonia molecular beams had a cosine-like 

scattered angular distribution as can be seen in Fig. 12.. The ammonia-

platinum interaction appears to be strong that leads to near thermal 

equilibrium between the gas molecules and the surface during the collision 

time. 

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

Carbon monoxide and acetylene both chemisorb readily on platinum , 
at 300oK. Carbon monoxide forms several ordered surface structures 

'. . 8 
depending on the surface concentration and surface temperature. 

i 
!=. '- . 12 . 

Acetylene forms a (y-2 xy-2)-R45° surface structure. Although the 

surface order is easily discernible by low energy electron diffraction 

the high background intensities in the diffraction pattern indicate a 

~air amount of disorder in the adsorbed layer and this has been sub-

stantiated by molecular beam studies. 

The angular distribution of carbon monoxide scattered from an 

adsorbed layer of carbon monoxide on platinum is shown in Fig. 13. 

The scattered beam has a very broad angular distribution that does not 

change with differing angle of incidence, thus indicating a change in 

the nature of gas-solid interaction. This result should be contrasted 
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with the scattering ofCa frOlll the clean platinum surface (Fig. 2) that 

had an intensity maximum at the specular angle. The angular distribution 

of acetylene scattered from a layer of adsorbed acetylene is shown in 

Fig. 14. The scattered beam again has a broad, cosine-like distribution. 

These observations seem to indicate that cOlllpleteenergy 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 indicates the presence of 

domains of graphite that lie with their basal plane parallel to the 

surface and yet show.rotational disorder. We have scattered the molecular 

beams of several diatomic molecules from this carbon layer. Figures 

15a and b show examples that in every case the angular distribution of 

the seattered beam was peaked near or at ~e specuiar angle, indicating 

incomplete en~rgy accommodation between the incident molecules and the 

carbon covered surfs.ce . 

. ,' .-
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rv. DISCUSSION 

One of the general conclusions one may draw from the results 

obtained by monitoring the angular distribution of the scattered beams 

of diatomic and polyatomic molecules from the clean platinum (100) 

surface is that in every case (with the exception of ammonia) the 

angular distribution is non-cosine, it has an intensity maximum at 

or near the specular angle. The peak intensities arid the widths of 

the angular distributions may vary depending on the surface temperature. 

The kinetic energy of the scattered molecules at the various angles 

has not been determined in theSe experiments. Thus, 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 specular angle does 

indicELte, however, that there is incomplete energy accommodation between 

. .' t 
the platinum surface atoms in the single crystal surface and the incident 

gas molecules. It is likely that some fraction of the molecules that 

appear at the specular angle have velocities identical to the incident 

velocity, while others also appear at this angle after undergoing 

inelastic scattering. 

Results also indicate that energy transfer is inefficient when 

the incident molecules are scattered from carbon-covered platinum 

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, iinpart enough momentum to reflect the diatomic or polyatomic 

speCies with high efficiency before adsorption can take place and permit 
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complete energy accommodation. It should be noted that directed 

scattering occurs fro~ both or these surfaces regardless of the large 

dirrerence in atomic weights between platinum and carbon. 

Once a layer of ads.orbed CO is p}"esent on' the surface. however, 

energyaccOlllIllodation of the incident CO molecules is entirely different 

from that on clean platinum or on carbon covered surfaces. The incident 

molecule collides with the carbon monoxide layer and is then reflected 

with a near-cosine angular distribution indicating significant energy 

acc6mmodation~ Thus, the carbon-oxygen bond of the adsorbed CO molecule 

has suitable vibrational modes that permit efficient energy transfer 

between the CO(gas) and CO(adsorbed) while no such modes exist between . 
CO(gas) and C(adsorbed) or CO(gas) andPt(surface). In the same way, 

C2H
2

(gas) shows complete energy accommodation with an adsorbed C
2

H
2 

layer within the collision time as indica,ed by the distribution of 

scattered beam that again exhibits cosine character. It appears that 

these low molecular weight adsorbed gases have vibrational modes that 
1 

allow rapid energy transfer on collision, while adsorbed carbon, with 

an even smaller atomic weight, and platinum itself, do not. 

Recently Beebe and Dobryzhnskyl3 have suggested that if vibra-

tional modes that are closely similar in energy to the thermal trans-

lational energy of the incident particle exist for surface atoms, the 

incident particles will be reflected. In the absence of such modes, 

the particle may be adsorbed and must wait for desorption until the 

surface modes come into phase. Thus translational(T)-vibrational(V) 

energy transfer between incident molecules and the surface is not very 

likely if the two are matched in energy, but such an energy transfer 
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results in a reflection of the molecule from the surface. For these 

relatively high temperature experiments (T > Debye temperature), the 

thermal energy of surface atoms that is due to the various modes of 

lattice vibrations is of the same magnitude as thE( kinetic energy 
,J 

of the incident molecule. The energy of exci tati'qn of diatomic 

molecules to their first excited vibrational state, however, is so 

high (~.l eV) that the surface phonon energies (~.02 eV) are in..., 

sufficient to cause vibrational excitation in the diatomic molecule at 

the experimental temperatures. 

. .6· , 
Armand et al. have suggested that adsorption of a low molecular 

weight gas On a surface creates high frequency surface modes, the 

frequencies being similar to the vibrational frequency of diatomic 

ga's molecules. On the other hand, the adsorption of high molecular 

weight gas molecUles with respect to the ~omicweight of the adsorbing 

surface atoms.creates low frequency surface modes whOse frequencies 

are lower than the Vibrational modes of the adsorbing solid. This 

theory is yet to be tested rigorously, but it woUld predict the thermal 

accommodation of CO molecules by a layer of adsorbed CO or the accommo-

dation o~ C
2

H
2 

molecules by adsorbed C2H
2

, as due to very efficient V-V 

energy transfer processes between the high frequency vibrational modes 

of the adsorbed molecule and the incident molecule. Also, the vibrational 

modes of adsorbed molecules of higher energy than the kinetic energy of 

the incident molecule would not allow, according to the Beebe model, 

reflection of the incident particles. 

So far we have not considered the possibility of the exchange of 

energy'between the rotational modes of the incident diatomic molecule 

j. 

- I 
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arid vibrational states of 'the surface atoms. While the ground and 

first excited vibrational energy states of the gas molecules are 0.1-

0.2 eV apart for most of the diatomic and p6lyatomic molecules considered 

here, the first two rotational energy states are -10~3eV apart for 

nitrogen and for all other molecules with the exception of H2 and D2 . 

3~0 It has been shown by Saltsburg et al. that coupling between the 

vibrations of surface atoms and the rotations of diatomic molecules 

can yield strong V-R interactions that may rotationally excite diatomic 

molecules (at least in the case of H2 , D2 or BD). However, due to the 

small energy separation of rotational states for all other molecules, 

many 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 

\' ' tram the lattice into rotational modes of the gas, but also some of 

the rotationa~ energy of the gas ~~ 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 beam 

and to impart a diffuse component to the scattered gas. This energy 

transfer mechanism might be especially effective in the case of ammonia 

due to its large number of rotational and vibrational modes, and may 

give rise to the observed cosine-like distribution. 

In summary, the absence of high frequency vibrational modes for 

surface atoms that would match the vibrational excitation energies of 

incident diatomic molecules is the likely cause of the poor energy 

accommodation on platinum or carbon covered platinum single crystal 

surfacea. Adsorbed carbon monoxide or actylene facilitate efficient 
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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 SCATTERING RESULTS 

It is possible to compare the scattering results above, with data 

previously obtained for scattering various diatomic and polyatomic 

molecules from the (111) surface of several other fcc metals, at the 

(110) face of tungsten and different polycrystalline solids. In general, 

there is good agreement with our observations of poor acconunodation of 

the incident beam on clean surfaces and efficient accommodation on gas 

covered surfaces. Coltharp, Scott and Muschlitz14 ,15 have studied the 

scattering of nitrous oxide from a tungsten ribbon composed primarily of 

crystallites having the (112) orientation. At room temperature they 

detected a cosine angular distribution for the reflected gas. The 

ambient pressure in their scattering chamber was 10-6 torr, high enough 

to insure that the surface was covered by adsorbed gases. They also 

Observed, however, that high surface temp,ratures yielded pronounced 

lobulardistributiollwith broad intensity maxima in the vicinity of 

the specular posi ti<i>n. These same authors report that both nitrogen 

and nitric oxide are backscattered from a tungsten surface heated to 

25000 K. Although our platinum surface temperature was considerably 

lower,we have also observed that nitric OXide scattered back toward 

the surface normal from the hot surface in agreement with their obser-

vation. The scattering of nitrogen molecules has been studied by 

15 16 17· 16 0 several authors. " Hurlbut found that n1trogen was scattered 

difrusely (i.e. with a cosine angular distribution) from polished steel, 

polished aluminum, and unpolished glass except at near-grazing incident 
., 

angles (8. 0d t > 80°) where some peaking was observed. In view of 1nC1 en 

the poor residual vacua aChieved, (10. 6 torr) and the presence in the 
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work chamber of hydrocarbon vapors from the diffusion pump oil, the 

specimen surfaces were undoubtedly contaminated and we would thus expect 

them to yield distribution of scattered gas molecules close to the 

cosine pattern. Stickney and Hurlbuti8 and Stickney19 have measured 

the momentum transfer between several gases (He, Ne, Ar, N2 , H2 , CO
2

) 

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

of a sensitive torsion balance. Angular distributions are not determined 

and thus, direct comparison of their data with those reported in 

this paper cannot be carried out. In the only other systematic inves-

tigation of the scattering of polyatomic gases besides the studies 

.. . 17 
reported here, Saltsburg et al. have reported the scattering of several 

molecules, H2 , HO, D2 , 02' CO and CO2 from an epitaxially grown (Ill) 

silver single crystal. Thei'r results for nitrogen show a slight back

scatter but the surface was held at 560oK'in their experiment, as 

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

A better comparison1between their work and our work may be achieved 

by looking at the scattering of nitrogen and o.xygen. Their data indicated 

that both curves have maxima at the same location and are similar in 

intensity and peak shape. From our figures (Figs. 3 and 4) we can see 

that the scattering of nitrogen and o.xygen from the Pt(lOO) surface 

Yields the same results. Additionally, CO
2 

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 

at T = 560oK. 20 Smith and Merril121 have studied the irrerversible 
S 

chemisorption of ehtylene on a Pt(lll) single crystal by combined LEED 

and helium beam techniques, but evidently did not attempt to scatter 

, the gas. Thus, our results for acetylene and methylenecyclobutane 

must stand alone. The likelihood of electronic or vibrational excitation 

of C
2

H
2 

by the clean platinum surface is small, although we already 

know from our work that this gas readily adsorbs and decomposes on 

platinum. Methylenecyclobutane seems to be the largest projectile 

(13 atoms.) used to date in gas-solid scattering experiments. 

In their investigation of the scattering behavior of poly atomic 

gases on (111) si~ver, Saltsburg et al. 17 found that the CO and C,02 

scattering distributions are quite similar. This .j"s in agreement with 

our observations of CO and CO
2 

scattering from the (100) platinum surface 

if we take into account the adsorption of CO on Pt surfaces and that 
. t 

CO does not adsorb on silver at 300oK. The surface of silver was also 

employed in a study of the angular distribution of scattered ammonia. 20 

The pattern was found to be very broad and almost completely diffuse 

in nature, which is similar to the data shown in Fig. 12 for ammonia 

scattered from Pt(lOO). 

Much attention has been directed toward the scattering of hydrogen 

and deuterium from metal surfaces, and data now exist for experiments 

conducted on Ni,3,22 Au,23 Ag,10,24 ptll,25,26and W. 27 For all of 

these solids, provided ;the surface is clean, the maximum intensity 
• ~~ I • 

occurs at the specular positions, although the dispersion or half-width 
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of the scattered 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
2

, HD, and D2 , 

Palmer et a13 ,10,24 invoked energy transfer between the rotational 

energy states of the incident hydrogeriic species and the vibrational 

modes of the surface atoms in the silver and nickel lattices. Their 

model for R-V energy transfer is further supported by the beam tempera-

ture dependence of the deuterium scattering distribution. There can be 

no doubt about the markedly different scattering distributions observed 

by Palmer et ale when hydrogen isotopes were impinged on the epitaxially 

grown thin film. Our studies of H2 and D2 scattering from the Pt(lOO) 

surface and those of Smith
28 

for D2 from the Pt(lll) surface show no 

peaks·other than the specularly directed one, and we find no evidence 

for marked ·differences between the angula:r distributions of scattered 

H2 and D2 mOl~cular beams. Smi th and Merrill, 11 however, have found 

a spatial distribut~on reminiscent of those observed by Palmer et ale 

when D2 is scattered from an unetched Pt(lll) crystal surface. This 

result indicates that perhaps surface roughness is important in effecting 

R-Venergy transfer between incident diatomic molecules and the solid. 

It appears that the epitaxial silver and nickel surfaces used in the 

experiments by Palmer et ale could have been considerably rougher on 

an atomic scale than the well-characterized platinum single crystals 

used in our work and the work cited above. In addition, the ·surface 

temperature in our studies wa.s higher (1175°K) than the surface tempera-

ture used in the scattering studies with s.ilver (5700 K). If microscopic 
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disorder enhances rotational coupling to the solid, even a surface 

"disordered" through heating (due to the large mean square displacement 

of surface atoms) could possibly cause significant internal excitation 

of hydrogenicmolecules •. Unfortunately, systematic variation of the 

surface temperature during the scattering of H2 and D2 beams have not 

been carried out mostly because of the likely contamination of the 

platinum surface at lover temperatures by the adsorption of carbon 

monoxide from the ambient. Such study viII be carried out in the near 

future to uncover the causes of the discrepancy between the deuterium 

beam scattering characteristics reported by the various investigators. 

We have already pointed out that the hydrogen and deuterium data 

presented here (Figs. 6 and 7) show rather broad peaks. 

28 f·' f ° ... P (Ill) Smith reported a hal -v~dth 0 29.5 for D2 scattering from t 

and a maximum intensity of 1.5%, down f""l:.OlI- 3.6% at-Ts = 375°K. These 

values may be compared to those we find at l175°K for D2 scattering 

trom the Pt (100) : the maximum intensity 0~9% and the half-width 50°. 
t 

One would expect a lower intensity and perhaps broader dispersion due 
4 

to the higher surface temperature., Feuer's analysis of the energy 

exchange betw:een rigid rotors of diatomic molecules and a solid surface 

also helps to explain the observations as discussed earlier. 

Although there is the possibility of V-T energy transfer for diatomic 

molecules from the clean 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 the 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 measure the kinetic energy of the scattered beam by time-of

flight techniques that would modulate the scattered beam and measure the 

time-of-flight after scattering. Experiments are in progress in our 

laboratory on a modified apparatus that allows us to measure the trans

lational energy (velocity} of the scattered beam to obtain more detailed 

. information about energy transfer between surface atom vibration and 

internal energy states of diatomic and polyatomic molecules. 

, 

! .. 
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VI. CONCLUSION 

Unlike monatomic gases, diatomic molecules may exchange energy 

with the vibrational modes of surface atoms (Le. surface phonons) 

through their vibrational and rotational energy states. From clean 

surfaces, we infer from the angular distributions that many diatomic 

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 accommodation 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, 

upon. the adsorption of low molecular weight gases,the creation of high 

frequency vibrational modes that have the same magnitude as the vibra

tional frequencies of the incident diatom}c molecU:ies" and much higher 

frequencies than the lattice phonons, can explain these findings. The 

cQlU.plete energy acc6mmodation in this case is due to V-V energy transfer 

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

possible and when they take place angular distribution of the scattered 

beam ·is broadene.d. 
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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(lOO) $ample between data points (IB ' = incident beam 
eam 

intensity) • 

Fig. 3 Angular distribution of a nitrogen beam scattered from a 

clean Pt(lOO) surface (IB = incident beam intensity). eam ' 

Fig. 4 Angular distribution of an oxygen beam scattered from the 

clean Pt(lOO) surface. 

Fig. 5 Nitric Oxide scattering distribution from a clean (100) platinum 

surface. 

Fig. 6 Angular distribution of hydrogen beam. scattered from a clean 

Pt(lOO) surface. , 
Fig. 7 Angular distribution of a deuterium beam. scattering from a 

. clean Pt (190) surface. 

Fig. 8 Angular distribution of a CO
2 

beam scattered from a clean 

Pt(lOO} surface. 

Fig. 9 Angular distribution of a nitrous oxide beam scattered from a 

clean Pt(lOO) surface. 

Fig. 10 Angular distribution of an acetylene beam scattered from a 

Pt(lOO) surface. 

Fig. 11 Angular distribution of a beam of methylene cyclobutane scattered 

from a Pt (100) 'surface. 

Fig. 12 Angular distribution of an, ammonia beam scattered from a clean 

(100) crystal face of platinum. 
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Fig. 13 Angular distribution of a carbon monoxide beam scattered 

from a carbon monoxide covered Pt(lOO) surface. 
' .. 

Fig. 14 AngUlar distribution of an acetylene beam scattered from an 

acetylene covered (100) crystal face of platinum. 

Fig. 15a Angular distribution of a beam of nitric oxide scattered from 

a carbon covered (100) face of platinum. 

Fig.l5b Angular distribution of a beam. of nitrous oxide scattered from 

a carbon covered (100) platinum surface. 

Fig. 15c Angular distribution of a beam of nitrogen dioxide scattered 

from a carbon covered (100) platinum surface. 

Fig. 15d Angular distribution of a beam of carbon monoxide scattered 

from a carbon covered (100) platinum surface. 
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