
AD-A146 753 VIBRATIONAL SPECTROSCOPY OF CHEMISORPIION PHEINOMENA ON 1/1
MODEL CATALYST SURFACES(U) INDIANA UNIV AT BLOOMINGT ON
DEPT OF PHYSICS L L KESMODEL 10 OCT 84

UNCLASSIFIED N0OUI4-80-C-0147 FIG 7/4 Nt

I~~~ EEEEEE



L 3

IIII.25 I.4 16

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANOARDS-963-A

op



UNCLASSIFIED
SiCIITV 9LAascIC&vum OF iun Vass Do own-

3RAD USTRSUCIOSREPOR DOCUMENATIO PAE waW3 CowL3T3 IF
1. =PON MUNGE ACCESSION me & ECIPIEIT's CATALOG RNSE

Annual Report No.1
14- TITLE (Md Ai0h0) &. TYPE OF REPORTS& PIOO COVERED

Annual Summary Report - 1984 - Contract No. Interim
N00014-80-C-0147

a. PERFORMING ORe. REPORT MNGER

(Vn L.L model N01-0C04

If . PERFORING ORAIATO "Ame AND Manne M. NeW4A~1 MI VT op a T. TANK

Indiana University Foundation 61153N
TW Physics Department, Indiana University RRO11-02-03

Bloomington, nin 70 iogQ-nIA
Ii. CONTROLLING OFFICE NAME AND ADDRESS IS- REPORT DATEK

Office of Naval Research October 0.1984

0Physics Program Office MS NUMBER or PAGES
%riiton, irna 22217 ______________

1. MONITORINO MAENC AS aAWNW1ESWtat Eb e CiWnhW~ @111..) IS SCURITY CLASS (.1 WU. emeeI)

IkLI ICATIONIDOMOS A NO

Approved for public release; distribution unlimited.

M ISTRISUTION S1TATEMEN5T (of me akmI mb' WIM t sw AS M wffemf Raw RoweT

ELECTE

IS. PPLEEUTRY NTESOCT 260194

A

aS. KEY a"(ww 00056 t0mbm of., no"" Nw umkmEbulp IF uS *maw)

palladium; acetylene; benzene; electron energy loss spectroscopy;

o surface analysis

4~ Annual summary report is presented on experimental investigations of
molecular interactions on model catalyst surfaces using high-resolution
electron energy loss spectroscopy (EELS). Data on acetylene and benzene
adsorption on palladium surfaces is described. /1
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Report: Annual Summary

Contract No.: N00014-80-C-0147

Title: Vibrational Spectroscopy of Chemisorption Phenomena
on Model Catalyst Surfaces

Principal Investigator: Dr. Larry L. Kesmodel, Indiana University

Project Description

The technique of high-resolution electron energy loss spectroscopy

(EELS) is used to define the nature of hydrocarbon adsorption and reactions

on model catalyst surfaces in controlled ultrahigh vacuum environments.

The EELS method provides detailed vibrational spectra of adsorbed species
-1

on surfaces in the 100-4000 cm energy loss range. Supporting information

is obtained from Auger spectroscopy, thermal desorption spectroscopy (TDS)

and low-energy electron diffraction (LEED).

The goal of this project is to increase our understanding of the

fundamental behavior of hydrocarbon bonding and chemical reaction behavior

on metal surfaces acting as model catalysts.

Scientific Progress

Research this past contract year has centered on the interaction of

the prototype hydrocarbons acetylene (C2H2) and benzene (C6H6) with single

crystal (111) and (100) surfaces of palladium metal as outlined below.

(1) Thermal Evolution and Decomposition of Acetylene

We have obtained extensive EELS data on the high temperature behavior

(300-500K) of acetylene on both Pd(100) and Pd(111) surfaces. (1) Of

particular Interest is the formation of CCH species on both surfaces, which

we Identified spectroscopically for the first time in this context. On

Pd(100), CCH forms with thermal processing of chemisorbed acetylene to 4 00K

but on Pd(111) Is 0o-adsorbed with a 9C-CH3 (ethylidyne) species following
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300K C2H2 adsorption. With further annealing to 450K, CCH is the dominant

species on both surfaces. This evidence for CCH formation may impact on

earlier studies on Rh, Pt, and Ni where CH formation was instead

postulated. Our work suggests that dehydrogenation is the preferred

decomposition path of acetylene and that CC bond scission may not occur

until higher temperatures.

We are also currently studying the possible formation of benzene

(C6H6) from acetylene on Pd(111). This reaction was reported by Tysoe et

al ( but we have not as yet been able to confirm this result using

thermal desorption spectroscopy. To complete this study we are upgrading

our sample dosing system with a multichannel array doser.

(2) Benzene Chemisorption on Pd(100 and Pd(111)

We have investigated the adsorption of C6H6 and C6D6 on the (100) and

(111) surfaces of palladium using EELS and TDS. (3 '4) The EELS spectra

indicate that the benzene molecule is bonded with the ring parallel to the

surface, and that the molecule is not strongly perturbed from the gas

phase. Thermal desorption spectra indicate a competing process of benzene

desorption and decomposition, with decomposition favored at low Initial

coverages (< 0.5 Langmuir).(4)

We have also studied the mechanism of electron scattering for

chemisorbed benzene and have recently reported evidence for a resonance

scattering mechanism. (3 ) We find evidence for mode-selective vibrational

excitation as a function of electron beam energy which is characteristic of

negative-Ion resonance scattering. Our observations constitute the most

extensive and compelling evidence to date for resonance scattering in a

chemisorption system. Resonance scattering may be very important in EELS
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studies of adsorption due to the large vibrational cross sections and the

ability to observe overtone excitations.

(3) Equipment Development

A unique facility for high-resolution EELS studies of vibrational

spectra has been developed at Indiana University for use in the research

project. This facility includes two ultrahigh vacuum systems with base

pressures in the 10-11-10 - 10 Torr range, each with LEED, Auger,

ion-sputtering, and EELS capability and one system with a

computer-controlled quadrupole mass spectrometer for desorption studies.

Each of the EELS instruments is of the 1270 cylindrical deflection

design and routinely achieve resolution in the 5-8 meV range. However, one

of the instruments is of a new design (5) and has achieved resolution as low

as 2.5 meV. This instrument also exhibits such higher signal levels at a

given energy resolution than other competing EELS instrumentation. (5 )
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