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Translation —Vibration Conversion Qrigin of Resonances
in Diatomic-Sur atteri inI 2V Scattering
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Translational Degree of Freedom

t=0

0.
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Wavepacket Dynamics

Since the vibrational states | m > form
a complete set,
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Vibrational Excitation In

Dissociative Adsorption

Gas-surface Scattering.
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Collision-Induced Dissociation

If in a surface encounter O\JOR/O

enough energy is

transfered to the vibrational coordinate,

- the molecule will dissociatively scatter.
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Eiotal VS E | 1o Scaling in

Dissociative Adsorption

A Time Dependent
Quantum Approach
to Gas-Surface
Scattering.

R

Introduction

» Microscopic interactions
* Degrees of freedom
= Experimental observation

The Potential-Energy-Surface

» Selected cuts
« Quantum vs. classical mechanics

_Examples and Results
» Molecular diffraction and reaction

* Vibrationally enhanced reactivity
= A new look at rotational scattering



to the surface:

e normal

Distanc
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Orientation: Inter-
molecular
distance: x
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Distance parallel to the  surface:

Y

Is it of value to examine the total problem
in terms of subsets of coordinates?

In experiments, are there obvious useful
and useless motions to consider?

FOUR USELESS MOTIONS,




For low energy H, scattering from surfaces, the
scattered molecules display little coupling to either
intermolecular rotations (8) or substrate excitations
(Q). For some metal surfaces , however, H, molecules

dissociatively adsorb and diffract. For fec (110) surfaces

the surface corrugation is in some cases
1-dimensional.

An f¢c (110) surface (Cu, N, Aaj )

Kocikerp: | SH. Honrikeow » Ngn o,

Sncl SU 138 Lud (4297)

E W o

s.s

_H, Diffraction

PES: Essentialy a two-dimensional generalization of

the Lennard-Jones Model.
J.K. Nerskov et al. Phys. Rev. Let. 76, 257 (1981).

Is jt possible, by inverting (elastic) diffraction data to
dete&ne where in the surface unit cell the reactive

sites are? .
“Achivated adsorption

Vm(X:z) Atom; G

1 v Aiabatic

Halshad + SH. T Clem. ﬂ.a, (Sw~e A328)




PES w'll:t\'}.ransiﬁon stat e | 3.

‘
above a surface atom o
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Top Centre
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<110> direction
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NAANN S

— <A00) direction —»

. Transition shte betveen atoms

Calculational

Technique

Coupled channels method.

Expand the V(r) and y(r) in surface reciprocal lattice
vectors and diagonalize the time independent
Schrddinger equation.

+ An established technique. ,
+ Computationally :

Pwss for highly séructured

- Difficult to include substrate

Time ¢ wav {: |
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| wix,)>wexp{-IHt} | y{x,0)>
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Classical Scattering Non-Activated Adsorption
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Eflect of vibrational energy on the dissoclative chemisorption of N,

on Fe{111)
C.T. Retiner and H. Stein"

1BM Almaden Research Center. K13/801. 830 Harry Rood, San Jose, California 93120-609%

(Received 27 March 1987; accepied 24 Apnl 1987)

Dissocistive chemisorption is ofien associated with a si-
zable activation barrier, making 1t the rate-limiting step in
many industnatly important catalytic systems. A particular-
ly good example is the Haber-Bosch synthesis of ammonia
from M. and H, over iron-based catalysts, where reaction 13
lmited by the dissociation of the N,.'? Model studics have
focused on the N,7Fe( 111} system,’™ which has an initial
dissociative chemisorption probability of ~ 10~ %" Despue
considerable progress in determiming the thermody i

Aight times from a high-speed chopper 10 a mass spectrom-
eler.**

The basic principle behind 1hese measurements is simi-
Iar to that described previously.'® First the dependence of S
onnitial kinetic energy is d d for vibrational g d
state molecules using a beam source held at Y00 K. Then the
soutce is heated (o 2000 K to produce beams with kinetic
energies in 1he same range, but wath substantial populations

and kinetic p ters of this sy 2 linde s currently
known sbout its detsiied dynamics. Here we report the re-
sults of a molecular beam study in which we have compared
the relstive efficacies of kinetic and vibrational energy in
sctivaling this process. .

The experimental spparatus and lechniques employed
are similar (o those descnbed previously.*™ Here we sum-
marize our approach with emphasis on features peculiar to
the present system. Supersonic N, beams are direcied &l sn
Fe(111}crysial dina UHY chamber ons ipul
10t which permits control of the incidence angle and surface

perature. Sputt | cycles were employed 10 main-
1ain & clean surface,” and the sample was previously exposed
10 extensive nitrogen dosing Lo reduces diffusion of mitrogen
into the bulk. Initipl sticking probabilities S (cotresponding

to dissociation on the clean surface ) are determined from the
mnilis] slopes of coverage vs exposure curves. Here all cover-

ages arc cstimated using Auger clectron spectroscopy, as-
suming the N-stom coverage 10 be proportionsl to the
N{380eV}/Fe(360cV) peak-lo-peak ratio.” Measurementa
are placed on an abeolute scake by companson with sticking
probabilitiey determined by an alternative direct method
based on measurement of the fraction of the beam refected

by the surface ** Beams of N, molecules confined to the
vibrational ground state are uced by using s 300 K noz-

zle, varying the kinetic energy by seeding an H, or He. In
gzﬁ [ Ebuce -.w; sasicl malegules, the nozzle
tempersiure in raised (0 2000 K. Here we asaume that vibra-
tional refasation 1 E’wﬁe under our condilions, an as-
sumption supported by messurements on NO beams in our
systest. In all cases kinetic energics are determined from

ro Jm.m l1!|l,1ﬂ|“7

0021-9800/87/130770-02802 10

of vibrationally excited species (¢.§.,80% v = 0, 15% v = 1,
3% v = 1, etc.). The effect of vibrational energy on dissocia-
tion is then deduced for » given kinelic energy by compering
S, values for the two nozzle temperatures. The curve in Fig.
| corresponds to the function S5( T, = 0K, E) which is

e B

N:IF:QHI»

-3 -

Log,5i5,!

b |
'l 'S " . 'y b re Il 'Y $
00 02 04 06 0B 10
Kinetw Energy (eV}E

FIG. §. Efcct of kinctic energy o the insnsl picking probabudity of N, os
Fel111} Toc beams having dilfecent vibratsoasl tempetstures The curve
corrmponds Lo b it 10 deta for & 300 K wotske whalc the soiud curim wire
oblanad with & notzk heated 10 2000 K and ase placed sccovding 4 thaw
maan binstrc enetgy. The by | bar shows the ¢l J i l on-
ergy of & durlomc molecule at J000 K
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Vibrati

ally Enhanced

Dissociation

If a molecul_e has an internal mode
excited then is it more or less reactive
when encountering a metal surface?

Potential energy surface

Vixz) = VMorse + Voexp( -Az)

A-A sopasotion: x
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'Vibrationdl
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Semiclassical Scattering

Model

Entrance channel | "Mass” in the x-direction = 0.5m,,,, (red. mass )
/ "Mass” in the z-direction = 2.0m_,__,

Treating the motion in Z classically and that in x

, uanturgn it is clear that for a given

™ translational energy, a classical turning point in “z" is
achieved. Using the Golden rule expression for the

tunneling rate from an initial vibrational state ¢, (x) to

a range of final states yy(x)
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CONCLUSIONS

Basic level of understanding

Multi-dimensional approach

Isolate important features

adsorbate modes
substrate modes
unit-cell morphology

Classical/Quantum mechanics

New, state-resolved experiments
are vital






