xii

Preface

Contents

Preface
Chapter 1 (M. Arenz, S. Gilb and U. Heiz)

Size effects in the chemistry of small clusters
1. Introduction
2. CO oxidation on small gold clusters
2.1. Preparation of the model catalysts
2.2. Experimental observation of the CO combustion
on gold clusters
2.3. Description of the reaction mechanism
by DFT calculations
2.3.1.LHt
2.3.2.LHp
2.3.3. Eley—Rideal
2.4. The role of the surface defects
2.5. The role of the electronic structure
2.6. Structural dynamic fluxionality
2.7. Impurity doping
2.8. Coadsorption of water
3. The CO chemistry of supported Pdy clusters
3.1.CO oxidation on Pdy clusters supported on thin
MgO films
3.2. Molecular beam techniques
3.3. Activation energies
3.4. Size effects
3.5.NO reduction by CO on Pd single crystals and supported Pd
nanoparticles: a short summary
3.6.NO reduction by CO on supported Pdy clusters
3.7. Low-temperature catalysis: the reaction mechanism
4. The polymerization of acetylene on supported clusters
4.1. The trimerization reaction on single atoms
4.2. The selectivity of acetylene polymerization on Pdy clusters
5. Size-selected, supported clusters: exciting new model systems for
electrocatalysis
6. Conclusion
Note
References

Xiii

xi

11
11
11
12
15
16
17

19
21
23
24
26
29

31
33
34
37
38
43

45
47
47
47



xiv

Chapter 2 (S.M. Lang, D.M. Popolan and T.M. Bernhardt)

Chemical reactivity and catalytic properties of size-selected gas-phase metal

clusters
1. Introduction
2. Experimental techniques in cluster ion chemistry
2.1. Flow tube reactor
2.2. Collision gas cell
2.3. Low-energy ion guide
2.4.1on traps
3. Concepts in cluster ion chemistry
3.1. Particle size-dependent reactivity
3.2. Charge state-dependent reactivity
3.3. Composition-dependent reactivity
3.4. Cooperative coadsorption effects
3.5. Ultimate “‘single site’ catalysts
4. Catalytic activity of gas-phase clusters
4.1. Review of free transition metal cluster catalysis
4.1.1.Iron clusters
4.1.2. Platinum clusters
4.2. Gold cluster catalysis
4.2.1. Electronic structure and chemical properties of free
gold clusters
4.2.2. Catalytic CO oxidation by Au;
4.3. Silver cluster catalysis
4.3.1. Reactivity of silver clusters toward molecular oxygen
4.3.2. Catalytic CO oxidation by Ag,
4.3.3. Catalytic NO reduction with CO on Ag,,
4.4. Catalytic activity of bimetallic clusters
4.4.1. Bimetallic silver-gold clusters
4.4.2. Bimetallic platinum—gold clusters
5. Concluding remarks
References

Chapter 3 (H.-J. Zhai, X. Li and L.-S. Wang)

Probing the unique size-dependent properties of small Au clusters, Au alloy
clusters, and CO-chemisorbed Au clusters in the gas phase
1. Introduction
2. Experimental method
3. Electronic and structural properties of elemental gold clusters
3.1. Small Au cluster anions Au,, (n = 1-14): planarity and 2D-to-3D
transition

Contents

53
55
55
57
59
60
64
64
64
64
65
65
65
65
65
67
69

70
73
77
78
81
82
83
84
85
86
87

91
93
95

95

Contents

3.1.1. Auy and Aus
3.1.2. Aug
3.1.3. Auy and Aug
3.1.4. Aug, Aujy, and Aup;
3.1.5. Aujp
3.1.6. Aup;
3.1.7. Aup,
3.2. Auy: a tetrahedral cluster and an ideal molecular model
for nanogold catalysis
3.3. Toward solution synthesis of the tetrahedral Auy cluster
3.4. Aus,: a golden fullerene cage cluster?
4. Novel gold alloy clusters
4.1. Observation of Au,H™ impurity in pure gold clusters and implications
for the anomalous Au-Au distances in gold nanowires
4.2. Atomic-like magnetism in transition-metal-doped gold clusters: MAus
M =Ti,V, Cr)
4.3. Tcosahedral gold cage clusters: M@Au;, (M =W, Mo) and M@Aui,
(M =V, Nb, Ta)
5.Gold as hydrogen in Si-Au and B-Au clusters
5.1.SiAuy: aurosilane
5.2. Structures and bonding in Si,Au, and Si>Au, (n = 2 and 4) and
comparisons to Si;H, and Si,Hy
5.3.B;Au; vs. ByHs
6. CO chemisorption on Au clusters: implications for nanogold catalysis
6.1. Chemisorption sites of CO on small gold clusters and transitions from
chemisorption to physisorption: Au,,(CO), (m =2-5, n=0-7)
6.2. Unique CO chemisorption properties of gold hexamer: Aug(CO),
(n=0-3)
7. Concluding remarks
Note added in proof
Acknowledgments
References

Chapter 4 (S.K. Buratto, M. T. Bowers, H. Metiu, M. Manard, X. Tong,
L. Benz, P. Kemper and S. Chrétien)

Au, and Ag, (n = 1-8) nanocluster catalysts: gas-phase reactivity to deposited
structures
1. Introduction
2. Experimental methods
2.1.Ion mobility mass spectrometry
2.1.1. Instrumentation
2.1.2. Equilibrium reactions
2.1.3. Theory

XV

96
97
98
98
98
98
99

99
103
106
111

111

114

118
122
123

127
131
138

138

141
145
146
146
146

151
152
152
152
153
154



xvi

2.2.Ton soft landing of mass-selected Au;, and Ag, on TiO,
2.2.1. The ion cluster source
2.2.2. Sample preparation and STM
2.3. Density functional theory calculations of clusters on TiO4(1 1 0)
surfaces
3. Interactions between Au, and Ag, cluster ions and small alkenes
3.1. Introduction
3.2. Ag,, (CoHy), and Ag,; (C3Hg), (m = 1-9) association
reactions
3.2.1. Cluster structures from ligand binding energies
3.3.Au, (C,Hy), (m = 1-9) association reactions
3.3.1. Polyatomic gold cations
3.4. Conclusions
4.Au,” and Ag,” deposited on TiO(1 10) surfaces under soft-landing
conditions
4.1. Introduction
4.2. Scanning tunneling microscopy of TiO,
4.3.Au, (n=1-8) on TiOx(110)
4.3.1. Structures of Au, (n = 1-7) on TiO,: comparing DFT structures
with STM
4.3.2. Summary of Au, clusters on TiO,
4.4.Ag, (n= 1-5) on TiO,(1 10)
4.5. Conclusions
References

Chapter 5 (M. Chen and D.W. Goodman)

Oxide-supported metal clusters

1. Introduction

2. Alumina-supported metal clusters
2.1. Preparation of Al;O3 on a metal or alloy surface
2.2. Pt-group metals on Al,O5
2.3.1B group metals on Al,O4

3. Magnesium oxide-supported metal clusters
3.1. Preparation of MgO films
3.2. Pt-group metals on MgO(100)
3.3.1B group metals on MgO

4. Silica-supported metal clusters
4.1. Preparation of SiO, thin films
4.2.1IB group metals on SiO,
4.3. Pt-group metals on SiO,

5. Titania-supported metal clusters
5.1. TiO, single crystals

Contents

154
154
156

157
159
159

160
168
172
172
178

178
178
179
180

182
192
194
196
197

201
202
203
206
212
214
214
218
220
225
225
227
231
237
237

Contents

5.2. Metal clusters on TiO,(110)
5.2.1. Pt-group metals
5.2.2. 1B group metals
5.3. Preparation of titania thin films
5.4. Au on TiO,/Mo(1 12)
6. Conclusions
Acknowledgments
References

Chapter 6 (S. Neukermans, E. Janssens, R.E. Silverans and P. Lievens)

Magic numbers for shells of electrons and shells of atoms in binary clusters
1. Introduction
2. Production of binary clusters
3. Phenomenological modelling of the many body problem for doped
metal clusters
4. A selection of doped metal cluster systems
4.1. Electronegatively doped group 1, II and III metal clusters
4.2. Transition-metal-doped coinage metal clusters
4.3. Transition-metal/metal-doped group IV
5.Summary and outlook
References

Chapter 7 (J. Jellinek and P.H. Acioli)

Computational electron spectroscopy of gas-phase metal clusters
1. Introduction
2. Converting Kohn—Sham eigenenergies into electron binding energies
3. Computational methodology
4. Magnesium clusters: results and discussion
4.1. Structures
4.2, Electronic features
4.2.1. Role of size and structure
4.2.2. Size-induced transition to metallicity: role of the charge state
5. Aluminium clusters: results and discussion
6. Summary
Acknowledgments
References

Chapter 8 (K.R. Asmis, A. Fielicke, G. von Helden and G. Meijer)

Vibrational spectroscopy of gas-phase clusters and complexes
1. Introduction
2. Methods

xvii

239
239
247
251
255
257
257
258

271
274

276
279
279
283
288
293
293

299
301
306
307
307
310
312
319
322
325
325
325

327
328



Xviil

2.1. Mechanism of infrared multiple photon excitation (IR-MPE)
2.2. Infrared resonance enhanced multiple photon dissociation and ionization
2.3. Messenger atom technique
3. Experimental section
3.1. Infrared free electron laser (IR-FEL)
3.2. Molecular beam spectrometer
3.3. Guided ion beam tandem-mass spectrometer
4. Results
4.1. Metal carbide clusters
4.1.1. IR-REMPIT of titanium carbide clusters
4.1.2. 1R spectra of titanium carbide nanocrystals
4.2. Metal oxide clusters
4.2.1.Zr, Mg, Al, and Ti oxide clusters
4.2.2. Niobium oxide cluster cations
4.2.3. Vanadium oxide ions
4.3. Transition metal clusters
4.3.1. Geometric structure and vibrational spectroscopy
4.3.2. Photodissociation using messenger atoms
4.3.3. Vanadium and niobium clusters
4.4, Complexes of transition metal clusters
4.4.1. Developments in the vibrational spectroscopy of metal cluster
complexes
4.4.2. Effects of cluster size and charge on the binding of CO to rhodium
clusters
S.Summary and conclusions
Note
Acknowledgments
References

Chapter 9 (J.H. Parks and X. Xing)

Trapped ion electron diffraction: structural evolution of silver and gold clusters
1. Introduction
2. Methods of trapped ion electron diffraction
2.1. Diffraction apparatus
2.1.1. Cluster ion and diffraction beamlines
2.1.2. Electron background
2.1.3.Ion trap data sequence
2.1.4. Detection
2.2. Diffraction data
2.2.1. Diffraction analysis
2.2.2. Data fitting methods
3. Structural transitions in metal clusters

Contents

330
331
331
332
332
334
335
337
337
337
340
342
343
345
345
356
356
357
359
364

364

367
370
371
371
371

377
379
379
380
381
381
383
385
385
387
388

Contents

3.1. Silver cluster cations
3.1.1. Experimental results
3.1.2. Analysis and discussion
3.1.3. Summary
3.2. Gold cluster anions
3.2.1. Experimental results
3.2.2. Analysis and discussion
3.2.3. Summary
4. Outlook
Acknowledgments
References

Chapter 10 (A.W. Castleman, Jr. and S.N. Khanna)

Superatoms: building blocks of new materials
1. Introduction
2. Jellium: tenets, electron counts and energetic stability
3. Cluster stability, electronic markers and superatoms
4. Adding a third dimension to the periodic table
4.1. Rare-gas mimics: creating a closed-shell system
4.2. Superhalogen character
4.3. An alkaline earth-like system
4.4. Multivalence character
5. Influencing properties: creation of active sites and effects on reactivity
6. Establishing the concept of employing superatoms in producing nanoscale
materials formation
6.1. Arsenic—potassium cluster materials as an example
7. Implications of cluster science to material and surface properties
7.1. Promising approaches
7.2. Potential pitfalls in extending concepts
Acknowledgments
References

Chapter 11 (H. Brune and S. Rusponi)

Magnetic properties of 2D islands on single crystal metal surfaces
1. Introduction
2. Magnetization vs. temperature
3.Co islands on Pt(1 1 1): MAE and reversal mechanism
3.1. Transition from blocking to superparamagnetic
3.2. Magnetization reversal
3.3. Tailoring the magnetism of 2D nanoparticles
3.4. Oxidation effect on the island MAE

Xix

388
389
391
397
397
397
398
404
404
405
405

409
411
411
413
413
414
416
417
418

419
419
421
421
423
424
424

427
429
433
434
439
442
443



XX

4. Superlattices of uniaxial monodomain islands
4.1. Self-assembly of equidistant islands
4.2. Uniform magnetic properties of Co islands on Au(7 8 8)
4.3. Array of room temperature blocked nanoparticles: Co pillars on
Au(l11)
5.MAE and magnetic moment of single atoms
5.1.Single Co atoms and small islands on Pt(111)
5.2. Magnetic impurities on alkali metals
6. Spatially resolved measurements of spin polarization of magnetic islands
7. Conclusions and outlook
References

Chapter 12 (W. Wurth and M. Martins)

Electronic structure and magnetic properties of small deposited transition metal
clusters

1. Introduction
2. Discussion
2.1.Small isolated transition metal cluster
2.1.1. Electronic structure
2.1.2. Magnetic properties
2.2.Small supported transition metal cluster
2.2.1. Electronic structure
2.2.2. Magnetic properties
3. Summary
Acknowledgments
References

Chapter 13 (C. Binns)

Magnetic properties of deposited and embedded clusters
1. Introduction
2. Deposited clusters
2.1. Morphology of films produced by depositing clusters
2.2. Magnetic measurements based on dichroism
2.3.Magnetism in exposed clusters
2.3.1.Isolated elemental clusters
2.3.2. The effect of cluster—cluster interactions of exposed clusters on
surfaces
3. Embedded nanoparticle assemblies
3.1. Atomic structure of embedded clusters
3.2.In situ studies of Co-coated Fe clusters
3.3. Magnetometry of isolated Fe and Co clusters in Ag matrices

Contents

445
445
450

453
454
454
457
459
465
466

471
472
472
472
473
475
475
476
483
484
484

487
491
491
492
495
495

501
505
505
507
510

Contents

3.4. Monte Carlo model of nanoparticle assemblies

3.5. Evolution of magnetic behaviour with nanoparticle volume fraction

below the percolation threshold
3.6. Pure cluster films
4. Applications of cluster-assembled films
4.1. Giant magnetoresistance
4.2. High moment soft films
5. Conclusions and summary
References

Chapter 14 (G.M. Pastor and J. Dorantes-Davila)

Theory of magnetic clusters and nanostructures at surfaces
1. Introduction
2. Ground-state theory
2.1. Model Hamiltonians and mean-field approximation
2.2. Relativistic corrections
3. Free and embedded clusters
3.1. Simple trends as a function of coordination number
3.2. Magnetic clusters in matrices
3.3. Magnetic anisotropy of small clusters
3.4. Size-dependent enhancement of orbital magnetism
4. Binary alloy clusters
4.1. Structure and spin moments of ConRhyy clusters
4.2. Orbital moments and magnetic anisotropy energy
5. Ferromagnetic clusters on highly polarizable substrates
S5.1.Spin and orbital moments of Coy clusters on Pd(111)
5.2. Magnetic anisotropy energy and spin reorientations
5.3. Local environment dependence
6. Finite-temperature magnetic properties
6.1. Functional integral theory
6.2. Spin fluctuation energies in clusters
6.3. Short-range magnetic order in transition-metal clusters
6.4. Environment dependence of the magnetization curves
7. Electron correlation effects in magnetic clusters
7.1. Hubbard clusters
7.2. Ground-state structure and total spin
7.3. Spin excitations and structural fluctuations at finite
temperatures
7.4. Kondo screening of magnetic impurities in metal clusters
8. Conclusion
Acknowledgments
References

XXi

514

516
518
523
524
525
529
530

535
536
537
539
542
542
543
545
547
550
550
552
555
555
558
559
561
562
564
567
568
572
572
574

575
578
583
584
584



xxii Contents

Chapter 15 (R. Smith, S.D. Kenny, J.J. Belbruno and R.E. Palmer)

Modelling the structure and dynamics of metal nanoclusters deposited on graphite

1. Introduction 589
2. Ab initio calculations of the interaction of small metal clusters with graphite 591
2.1. Computational methodology 591
2.2. The structure of small isolated Au clusters 592
2.3.Bonding of the clusters to the surface 592
3. Interaction potentials 601
4. The determination of cluster geometries 602
5. Molecular dynamics methodology 604
6. Pinning clusters on surfaces 605
6.1. A simple model for the pinning thresholds 607
7. Low-energy cluster implantation 609
8. Conclusion and future prospects 614
References 615

Index 617



	page1
	page2
	page3
	page4
	page5
	page6

