T T T I T I T Lt LTb) L L P LN LN AT LNAN M MU AT T AR R AR R T RR PRI R R IO A IR N IO WUPUWOWA U TWUWLY WY

2
3 ‘o,
.« e “
Unclassified A N
SECURITY CLASSITICATION OF 171115 PAGE ﬂ l " E“ | N '::
v L JEEA VA 4 7 - " 3
orm Apptove
I REPORT DOCUMENTATION PAGE OMB No 07040188 y
| b RESTRICTIVE MARKINGS 24
N/A )
.‘CTE 3. DISTRIBUNION Y AVAILAILILY OF 1t PORIT :t:
- . .
AD—A198 435 Approved for pubiic release: 0
3 1988 Distribution unlimited v
Q. PERFUKIVIING UNUANILAIIU"T NUMBE(S) 5. MONITORING ORGANIZATION REFORT NUMBER(S) ‘0‘.‘
TR# 11 D "
b 6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZAION e
‘ . . . (if applicable) . :0(
The University of Chicago Officc of Naval Rescarch e
6¢. ADDRESS {City, State, and 2IP Code) 7b. ADDRESS (City, State, and 2ZIP Code) h :
5801 S. Ellis Avenue 800 N. Quincy Street )
Chicago, IL 60637 Arlington, VA 22217 a7
i
, 8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 2
' orcaNizaTion Office of Naval (If applicable) ' V)
: Research Physics Program Contract : N00014-86-K-0254 )
8¢c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBENS >
800 N. Quincy Street PROGRAM PROJECT TASK WORK UHIT 2
Arlington, VA 22217 ELEMENT NO. | NO. NO ACCESSION NO 3
Code 1112 4121023 A
11. TITLE (Include Secunty Classification) ;l.‘
. i
Molecular Beam Studies of Surface Phonons and Gas Surface Interactions O
12. PERSONAL AUTHOR(S) "]
S.. Sibeper : ' :'.
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT i,
Interin Technical FROM 10 1988 June 15 5 R
16. SUPPLEMENTARY NOTATION . - - "
© Invited Progress Report: Proceedings of the Xt International 4
Symposium on Molecular Beams, Cannes, France i
U
17. COSATI CODES ] 18. SUBJECT TERMS (Continue on reverse if negessa yfnd dentify. téy bloc’_’number . 'A:
: A Surface phonon spectroscopy; thin i fm ynamics; phonon dis-
FIELD GROUP SUS-GROUP. c ] - ¢ . ] W
persion relations; physisorption interactions; gas-surface o\
energy exchange; 1lnelastic single phonon scattering; rare N
gas_interaction potentials; molecular beams. (, +J)&— :
19. ABSTRACT (Continue on reverse if necessary and identify by block numb;»Angle and velocity resolved inelastic
helium scattering is becoming an incisive tool for probing the vibrational characteristics of 3y

clean and adsorbate Covered Surfaces. These experiments can be visualized as being a two-dimen-
tional (i.e., surface §ensitiv¢.t=,% analog to inelastic neutron scattering, which has played <uch p
a crucial role in elucidating the nature of elementary excitations in bulk crystals. In this
%per a gencral review is preésented of our recent work which demonstrates how the surface vibra-} »
ional properties of epitaxially grown rare gas films evolve, on a layer-by-layer basis, towards %
those characteristic of thick crystals. Lattice dynamics calculations are used to quantita-

tively analyze the data. |/, b

R kg
W

e
e

o

]
. 1)
_ ' ol

20. DISTRIBUTION / AVAILABILITY OF ABSIRACT 21 ABSTRACT SECURII Y CLASSH ICATION n
Gd uncLassiFieorunumiTed [ SAME AS ReT (J b1ic yseRs Unclassified : o
223 NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) | 22¢ OFFICE SYMBOL '::
James S, Murday/Richard Brandt (202) 696-4206 Y

DO Form 1373, JUN 88 & Previous editions are obsolete SECUNITY CLASSIFICATION OF 1115 PAGE )
Unclassified Q
OV

. e - o R A Lt N i o T " VT TN

-." '.‘I’-‘l'-'l‘c !‘p'!’n}l'»\_‘l'j J ,l'n A5 .;., » 4% Ly h I!..Q..‘.. (¥ ."0— "- v‘“ X Y. - !. M) n’- A _ .'“ "N P - AL N ‘ c.. o Al N N "r




Eot o B et e VAN gP EE e bt Tp VAV, A% ) T 00 Wav Bt g Wb 0 fab Gt Ua® Vet eV fa¥ fyt Bt fe¥ Ra¥ Sg® 885 435 Ba¥ Gat 02" ha® bat Pa¢ 1% 4a0 000 B2t Ra¥ ot 0ab 9,0 Ga¥ gV ¥ vy

OFFICE OF NAVAL RESEARCH
Contract N00014-86-K-0254
Task No. 4121023

Technical Report No. 11

Molecular Beam Studies of Surface Phonons
and Gas Surface Interactions

By

S.J. Sibener

Prepared for Publication

in the @
N/

Proceedings of the Xth International Symposium

on Molecular Beams
, Zovesion For "l
Pnmis cxeal M
CLNC Tag .
s ed L

Department of Chemistry and the James Franck Institute

T
The University of Chicago be e el T
Chicago, Illinois 60637 "y |
~ June, 1988 BRI . - -
! ety GO .
- e T T R
. sivegal 1‘ Pl
n ! af e
Reproduction in whole or in part is permitted for ‘H” ‘ J ' ¥
any purpose of the United States Government SRR SR SR ] ;gt
This document has been approved for public release :"_:E
and sale; its distribution is unlimited. N
o)
l;:.‘
X

W V. - Coi PV .( L T "\'?'-_'(‘R'\{.w‘. L .
f M A T, Y, « S Yy O bl il il M\ ui

‘Weatty 19y Ao tedY



R o T S N R T o T T T e g CRVe g gha At at al balh sal vay

II - B |

Molecular Beam Studies of Surface Phonons
and Gas-Surface [nteractions

Steven J. Sibener

The James fFranck Institute and The Department of Chemistry
The University of Chicago
Chicago, Illinois 60637 U.S.A.

The scattering of atomic and molecular beams from well-characterized
single crystal surfaces is providing important structural and dynamical
information pertaining to clean and adsorbate covered systems. Prime ob-
Jectives in these studies include the determination of gas-surface inter-
action potentials, the development of a microscopic understanding of coi-
lision induced gas-surface energy transfer, surface crystallography, the
elucidation of surface reaction mechanisms, and high resolution (v 1 cm'l)
surface vibrational spectroscopy. At the present time especial attention
is being given to determining which surface modes actively participate in
collision induced energy exchange, the mapping out of surface phonon dis-
persion relations, and determining under which energy regimes single or
multiphonon transitions dominate the interaction.

It is the intent of this progress report to cover some of our recent
activities in this field. In particular, the growing importance that anale
and velocity resolved inelastic He scattering is playing as a surface spectro-
scopic tool will pe highlighted. These experiments can be visualized as being
a two-dimensional (i.e., surface sensitive) analog to inelastic neutron scat-
tering, which has played such a crucial role in elucidating the nature of
elementary excitations in bulk crystals.

Experimental data, lattice dynamics calculations, and quantum scattering
calculations will be presented which reveal how the surface vibratioéa] pro-

perties and geometric structures of ordered Ar, Kr, and Xe rare gas films
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evolve, on a laver-by-layer basis, into those of thick crystals. These 5&

ot

films form azimuthally aligned but translationally incommensurate struc- ﬁg

tures on the supéort crystal, Ag(111). The monolayer SPJ_ frequencies qive .

. ..4

valuable information necessary for constructing accurate rare gas-metal ::,:

i

physisorption potentials. Deconvoluted inelastic single phonon scatterinag Wy

transition probabilities will also be discussed. Comparison of the experi-

g

mental phonon dispersion curves with predictions derived from lattice dynamics %ﬁ
calculations has allowed us to examine the validity of using gas phase rare ﬁ&
gas pair potentials to model condensed phase systems. Examples of the types Y
of data collected are shown in Figures 1 and 2, which respectfully contain Eg
time~of-flight spectra and bilayer phonon dispersion curves. 'g
The inelastic scattering experiments are compiemented by He diffraction f{

and selective adsorption measurements, which yield information on the nature ié@
of He-(rare gas) surface potentials. :&
Finally, if time permits, a discussion of molecule-surface interactions, ;%
adsorbate island characterization, and preliminary results employing a new e
laser-based particle detector will be briefly presented. pal
It is with great pleasure that I acknowledge my coilaborators and col- Eﬁ
leagues who made essential contributions to this progress report: K. D. Gibson i}
and C. F. Yu for experimental measurements; K. B. Whaley, E. Pontius and 5;
Rt

J. C. Light for quantum scattering calculations; and B. M. Hall, D. Mills,
and J. E. Black for the theoretical lattice dynamics results. This work
was supported, in part, by the Office of Navai Research and the NSF-Materials

W,
&
Research Laboratory Program at The University of Chicago. ‘%

. - L]
i . \ 3 . NI WY VRV, \ , SRR AT R AN AN e o S "' 5\1\
OO N Kt T b RS ittt OB TR AL M AR NA R A PRI NN .



HefKr/Ag

€38

(111> E; =18 meV

700

10 counTs

[0,70))
N~}
mao

° 7

631

/\ SuLk
1\l
g / \/ \\ &ﬁc.ﬁ...
A\
r~*~¢5§f '
/\\ﬂ\ BILAYER |
Foy

fﬁ??& T

)
\ TRILAYERT

Y

k.A\ M

4

MONOLAYER

‘_/' A 2 o

115 155 185 23S
TOF FROM CRYSTAL (usac)

EILAYER/AGCUID

[€4]

al B Nl %) ag a8 UaD Guf dad ¥op 8ed dra*

II -'3'3

EMERGY (maV)
N

—
.

2 | .

A'
1T-2*",

aTa

*s

Ty ™0
rel Yt

a

L L

g 0.25 0.5 0.73%
Q/Qmax

T

. .
OO OO X OCTRO SR

U
s A A R N T A N R e e

W T R TR N W P RO O A WA o N 7, RN 20,00 8.0%4 4 ¢
Figure 1. TOF spectra of Kr

over]ayers physisorbed on Aq(111),
25 K and E. = 18 meV.
C?osses are the experimental data,
solid lines are least-squares fits
to the data, and dashed lines are
computer simulations assuming single
phonon interactions with delta-func-
tion excitation lineshapes. Heights
for the simulations were adjusted to
be the same as that of the fits.
Arrows indicate the position of
elastic time-of-flight.

Figure 2. Comparison between
the experimental and lattice
dynamics results for the bilayer
phonon dispersion curves. The
crosses are the experimental
points, and the slashes through
selected crosses are error bars.
The solid lines are the best fits
to the data. The triangles are
the results from lattice dynamics
calculations which use as input
the experimental lattice constants
and realistic two-body Ar-Ar,
Kr-Kr, and Xe-Xe pair potentials.
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