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1) Adserption and desorption phenomena

Thermal Desorption spectroscopy

Molecular Beam Techniques

SURFACE ANALYTICAL TECHNIQUES 11

2) Examples of applications of XPS and Auger spectroscopy for studying
R. ROSEI
Dipartimento di Fisica
Universitd degli Studi di Trieste
34127 Trieste
Italy

simple surface reactions

Synchrotron radiation: present and future applications in Surface
Science

These are preliminary lecture notes, intended only for distribution te participants.







MECHANISMS OF THE CARBON MONOXIDE OXIDATION AND NITRIC OXIDE REDUCTIORN
REACTIONS OVER SINGLE CRYSTAL AND SUPPORTED RHODIUM CATALYSTS:
HIGH PRESSURE RATES EXPLAINED USING ULTRAHIGH VACUUM SURFACE SCLENCE

Galen B. Fisher

Physical Chemistry Department, General Motors Research Laboratories,
Warren, Michigan 48090-9055

The demonstration that surface parameters obtained in UHV experiments are
applicable to high pressure catalytic reactions has long been a goal of
surface science studies. We will attempt to show directly in these lec-
tures that, for an important class of reactions, the strongly-bound spec-
ies presant under the conditions of UHV studies are the same surface spec-
ias reacting at high pressures. We have chosen two test reactions, CO
oxidation (2C0O + O, - 2C0,} and NO reduction (2CO + 2NO = 2C0O, + N,) over
rhodium, which are important in automotive exhaust catalysis. We will
also discuss the water formation reaction (2H, + 20, - H,0) on Rh when
appropriate. An outline of the content of the lectures is as follows:

I. Motivation

II. Approach
A. Measure High Pressure Reaction Rates
B. Measure appropriate surface properties in ultrahigh vacuum
C. Develop kinetic model based on UHV results
D. Compare high pressure results with predictions based on YHV work

I11. Equipment and Methods

A. High Pressure Reaction Measurements

B, Ultrahigh Vacuum Measurements
&, Tempetature Programed Desorption (TFD)
b. High resolution (AE -~ 40 ¢m-?) Electroh Energy Loss

Spactroscopy (EELS)

c. Other surface science tools (XP5, UPS, ...}

C. Example of determining an activation energy: NO(a) dissociation
on Rh{1lll) or OH{a) formation on Rh{100)

IV. Carbon Monoxlde Oxidation Reaction cver Rhodium
A. High pressure (1-100 Torr) kinetics over single crystal and
supported Rh
B. Low pressure (10-'-10-* Torr) kinetics over single crystal Rh
C. UHV determination of activation energies of desorption
and dissociation
D. UHV determination of sticking coefficients for oxygen
in the presence of CO(a)
E. Derivation of a steady state reaction model based on UHV results
F. Comparison of agreement between model results and reaction data
G. What 1s the Rh surface like during €O oxidation?

'S

V. Nitric Oxide Reduction Reaction over Rhodium

&. High pressure (1-100 Torr) kinetics over single crystal and
supported Rh .

B. Low pressure (10-*-10-* Torr) kinetics over single crystal Rh

C. UHV determination of activation energies of desorption
and dissociation

D, Discussion of the steady state reaction model based on UHV results

E. Comparison of agreement between model results and reaction data

F. What i8 the Rh{lll} surface like during the NO-CO reaction?

G. How is the reaction different on supperted Rh?

V. The NO-CO-0, Reaction Over Rhodium
A. High pressure (1-100 Torr) kinetics over singie crystal and
supported Rh
B. Manifestations of NG inhibition of CO oxidatien

VII. Conclusions

Tae similarity in the coverages cof strongly-bound adsorbed species like NO
and CO under UHV and high pressure conditions allows us to use UHV-ob-
talned data to usefully explain high pressure kinetic data. We find that
rate expressions based on UHV-determined intermediate steps using UHV-de-
tarmined rate constants guantitatively predict the rates at high pressures
for both the C0-0, and NO-CO reactions over single crystal Rh and sup-
ported Rh catalysts. Understanding the relative importance of intermedi-
ate steps in all of these reactions clarifies which steps need modifica-
tion to improve overall reaction rates.

A good reference to begin with concerning these lectures is by S. H. Oh,
G. B. Fisher, J. E. Carpenter, and D. W. Goodman in the Journal of Cataly-r
sits, vol. 100 (1986), pp. 360-376.







LECTURE SUMNARY FOR ICTP WORKSHOP ON
SURFACE SCIENCE AND CATALYSIS

RICHARD W JOYNER

LEVERHULME CENTRE FOR INNOVATIVE CATALYSIS
UNIVERSITY OF LIVERPOOL
PO BOX 147, LIVERPQOL, UK.

LECTURE 1. Introduction, The ELECTRONIC FACTOR in Catalysis

Definitions, The electronic factor and its dominance in chemistry.
The electronic factor and the geometric factor as
historical concepts in catalysis.

The electronic factor as a local phenomenon: the importance of density
of states at the Fermi level.

The importance of charge mobility in catalysis.

The electronic factor in alloy catalysis.

Lectures 2 and 3. The FISCHER-TROPSCH SYNTHESIS

The Fischer-Tropsch synthesis:-

nCO + (2n + 2)H1 = CH - nH20

u oin o+ 1

The Pischer-Tropsch synthesis as a polymerisation process: variations in
product selectivity and the Schultz-Flory alpha number, (1).

Suitable catalysts: iron, cobalt, nickel and ruthenium.

The mechanism of the reaction and the role of surface science in its
elucidation: -

1) The molecular adsorption of carbon monoxide and hydrogen.

F3) The dissociation of carbon monoxide: dissociation as an activated
process, the role of promoters and poisons, {briefly}.

3) The polymerisation steps, the mechanism of McCandlish, (2) and the
possible role of metallocycles. A challenge for surface science.

4) Reaction rates on real and model catalysts: methanation studies of
Goodman et al, (3).

5) Alcohol synthesis: CO insertion as a chain terminator.
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SURFACE AMNALYTICAL TECHMIQUES 1

Introduction to fundamentals of surface analysis

A.

D.

A brief review of interactions of photons and charged particles
Wwith the surface region of materials

1.
2.
3.
4.

Surface analytical technigues developed using?

Photons

Electrons

Atoms and molecules

Thermal and other means of excitation

Basi¢c contepts of energy and momentum analyzers for charged
particles and photons

Sample preparation

Surface analytical technigues commonly used for the study of catalysis
and related phenomena

A.

Angular resolved photoelectron spectroscopy (ARPES)

1.
2.

3.

Instrumentation

Appl ication of ARPES for determining the surface and bulk
valence band electronic structure

Pelarization selection rules

Inverse photoemission spectroscopy (IPS), a complementary technique
to ARPES

1.
a.

Basic concepts and instrumentation
Application to determination of unoccupied states

X-ray photoelectron spectrosccpy (XPS)

1.
2.
2.

Core level photoemi=sion and chemical shifts
Auger transitions
Ouantitative analysis

(Surface) Extended X-ray absorption fine structure ((SIEXAFS) and
photoelectron diffraction (PD)

1.
2.

Low

Bas ic concepts
Local order (¢ 6 A}

anergy electron spectroscopies {( ZO0 eV)

Electron energy loss spectroscopy (EELS)

a, Instrumentation

b. Energy loss mechanisms and dipole selection rules

€. MApplication to chemical analysis of adsorbats species

Low energy alectron diffraction (LEED), and surface symmetry in
raciprocal space

F. High energy alectron spectroscopies () 18068 &V)
{. fuger electron spectroscopy (AES)
2. Scanning electron microprobe {(SEM)
a. Instrumentation
b, GQuantitative analysis
c. Depth profiles
! d., Small spot size analysis
C. Secondary ion mass spectroscopy (SIMS), and elemental depth

analysis

111, Closing remarke

prafife
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Influence of the alkali metal additives on the coadsoerption of other
gases

- CO coadsorption as a model system

influence of the alkali metal on: the electron core and valence
level binding energy (XPS, UPS, IPS, MDOS), C-0 stretch frequency
and vibrational properties (EELS, IRS), adsoerption kinetics and
adserption energy (TDS), dissociation probability, molecul ar
orientation and bond lengths (XPD, ESDIAD, NEXAFS, PARUPS), work
function changes {aé).

- physical picture of the CO-alkali metal interaction

long range versus short range interaction, atomistic models e.g.,
charge transfer, hybridization, electrostatic interaction.

- special aspects on the coadsorption of other gases: NO, No, 0,5, Hg0,

hydrocarbon.

- comparison of submonolayer and massive alkali metal layer influences

on the surface reactivity.
Influence of the alkali metal on surface reactions
UHV model experiments related to the Fischer/Tropsch and Ammonia

Synthesis.

Outlook

AL

Leiden, December 1986

Catalysis, and its relation to the surface chemistry of metals.

V.Ponec, Gotrlaeus Laboratories
State University of Leiden
P.G.Box 9502, 2300 RA Leiden
The Netherlands

lst hour - Definitions - rate, catalyst, support, prowoter ;
whicli rescliovus v metals are iwportaut lo praclice;
characterization of clean metal surfaces (remarks on}

i) powders, i1) flat surfaces

Characterization of catalytic intermediaces
1) physical methods (just a list ...) and their picfalls
(example - a study on hydrocarbons by IR)
1i) indirect use of physical methdos
(example - ethylene oxidation)
iii) chemical wmethods {just a list )
2nd hour Characterization of catalytic intermediates by chemical mecheds

Isotopes: 13C labelling and D -exchange reacticns of hydrocarbons

Archetype molecules: neohexanz, methyleyclopentane, subscituted
pentanes — for a use in hydrogenolysis,
isomerization and dehydrocyclization reacticns.

Transient state techniques

Pulse techniques

Displacement reactions

A
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LECTURES FOR TRIESTE : DAVID KING, LIVERPOOL.

Lecture 1 :
TTassiTication of Chemisorption structures at metal surfaces:

In this lecture, I plan to talk about the electronic and crystallographic
structure, first of all of Clean Single Crystal Metal Surfaces, and
secondly, of adsorbate structures on these surfaces. The classification
would be in terms of chequerboard structures, in which substrate atoms
do not change their symmetry; displacive structures, in which substrate
atoms are displaced by & small amount compared with the unit cell
dimensions, induced by chemisorption; and reconstructed structures, in
which there Is a gross reconstruction of the substrate induced by
adserption. There will be some discussion on order/disorder phenomena
within these three categories.

Lecture 2 :
Kinetic and Dynami¢ Processes at Metal Surfaces:

In this lecture, I plan to present an analysis of the current understanding
of Adsorption, desorption and diffusion kiretics for chemisorbed species on
meta] surfaces. An attempt will be made to relate these processes to ther
surface structure within the chemisorbed overlayer.

Lecture 3 :

A continuation of lecture 2, developing the lecture to include a
discussion of the influence of surface crystallography on kinetic
processes; and developing the discussions to include recent work from
reaction dynamics, including state-selected molecular beam studies.
There will be a few examples chosen of catalytic processes at metal
single crystal surfaces to fllustrate the importance of surface
crystallegraphy in relation to catalysis iavolving simple molecules.

DAK/JE
12th January 1987.
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CHARACTERIZATION OF SUPPORTED CATALYSTS BY SOLID STATE NMR

I,

II.

III.

IV,

v.

vI.

Gary L. Haller
Departwent of Chemical Engineering
Yale University
New Haven, CT 06520 OSA

Introduction: Some relevant spectroscopic oconsiderstions

Transieat techniques, relazation processes, dipolar
interacotion, chemical shift amisotropy, quadrupolar
interaotion, magic angle spinning, cross—-polarization.
'Transfient Teohniques in NMR of Solids’', by 6. C.
Gerstein and C. R, Dybowski.

Solid-state NME of zeolites.

2#Si and 27A1 NMR, precursors in zeolite synthesis,
composition of the aluminosilicate framework, Si-Al
ordering, interaction with adsorbed species. . M.
Thomas and Y, Klinowski, Adv. Catal., 33, 199 {1985},

Structure of aluminas. C. 8. JYohn et al, Applied
Catal., §, 341 {(1983).

Characterization of siliocs~aluninas gels.

Homogeneity of Si-Al interaction in cracking catalysts,
effect of silica on alumina porosity and acidity,

Sarface phases of N1~H01A1203 hydrodesul furization

catzlysts,

*3iMo, 27A1 and *:P NMR, deactivating surface phases, M,
McMillan et al, J, Catal., 97 243 (1986).

CO and ethylene adsorption on supported metal particles.

21#4Pt and 17C NMR, bonding of CO to group VIII meatals,
stracture of adsorbed Cz hydrooarbons, observation of

¢hemical reaction and reaction products. P.~K, Wang et
2l., Sciemce, 234, 35 (198¢6).
~~

\*
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PITIE: THR EFFECT OF ELECTHONEGATIVE ADATOMS ON THE CHEMISORFTIVE
AND CATALYTIC BEEAVIOR OF MBTALS

M.Kiskinova

I.INTRODUCTION

Reasons for deactivation of heterogeneous catalysts and the
relevance of the surface science studies to the fundamental under-
standing of the mechanism involved in the poisoning of metal surfaces.

II,ADSORPTION OF ELSCTRON:GATIVE ELEMENTS (S,C1,P,C,0,N,Se)
ON SIKGLE MSTAL SURFACES

Structuree, coverages,segregation and bulk diffusion,charge
transfer,bond lengths,binding energies and nature of the adatom-
gurface bhopnding as measured by means of LEED,AES,ESCA,TPD,work func=-
tion.

I11,EFFECT OF THE ELECTRONEGATIVE ADATOMS ON THE CHEMISORP-
TIVE PROPERTIES OF THE METAL SURFACES TOWARDS CO,HZ,NO.

Comparison batween the strength of the effect and the nature
of the poison.

IV.EFFECT OF ELECTRONEGATIVE ADATOMS ON THE SURFACE REACTIONS
0N METAL SURFACES AND CORRELATIOK BETWEEN THE KIKETIC DATA AND THE
‘CEEMISORPTIVE PROPERTIEBS.

' Exaaplas : CO + H, on Ni{100)

2
CO + O2 on Pt{110)
¢0 + B0 on Pt(100)
v. POSSIBLE MECHARISMS OF THE POISONING EFFECT
Geonetric,electronic {long-range and short rangs) effacts.
Influence of the local geometry,atomic size and Pauling electirone-

gativity factora.
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Time-Resolvad Electron Energy Loss Spectroscopy

spectiroscopy {1]

ti tro r loss

a) Overview and history
-HREELS in relation to other electron spectroscopiles
-basic principles of HREEL spectrometers [2}
~overview of various HREEL spectrometers from a historical
perspective
-design limitations of electron monochromators, intensity vs.
energy spread

%) Recent developments
-dispersion compensation, concept and implementation [3]
~dispersive detection [4]
-performance of TREEL spectrometers [5]
-time-resclved vs. low signal experiments
-the future? (new electron sources)

a ics

a) Overview [6]

3) Established technigques
~temperature programmed descorption (HCOOB/Cu(liD) [T7])
~molecular beam scattering [8] (NO/Pt(111))

=2) Other new time-resolved techniques
-FTIR [9]
-Auger, UPS, XPS, laser induced deseorption, helium scattering
~pico- and femto-second studies

131I) TREELS results

a) CO/Cu(100) [10]
-adsorption kinetics (mobile precursor vz. Langmuir)
~calibration of HREELS intensities
~desorption kinetics
-combined TREELS/pulsed molecular beam measurements
-activation energies and pre-exponential factors (TST)}
b) CO/Ni(111) [11]
=) CHaOB/Ni(110) [12]
~gombined TREELS/TPD measurements
NO/Rh{(100) ([13]
d) post-deadline results!?

References

(1] For an overview of HREELS seae:
-H.Ibach and D.L.Mills, "Electron Energy Loss Spectroscopy and
Surface Vibrations”, Acadamic Press (1982)
~W.H.Weinberg in "Methods of Experimental Physics", Vol.22,
R.L.Park and M.G.Legally, eds., Acaedmic Press (1585)

{21 D.Roy and J.D.Carette in "Electron Spectroscopy for Surface |
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