Physics and Chemistry
of Finite Systems:
From Clusters to Crystals

Volume I

edited by

P. Jena
S. N. Khanna

and

B. K. Rao

Department of Physics,
Virginia Commonwealth University,
Richmond, VA, U.S.A.

[V |

Kluwer Academic Publishers
Dordrecht / Boston / London

Published in cooperation with NATO Scientific Affairs Division



CONTENTS

ELECTRICAL AND OPTICAL PROPERTIES

Transport Properties and Electronic Structure of Quasicrystals

B. D. Biggs, S. J. Poon, and F. S. Pierce

Electronic Distributions of Quasicrystalline Phases

E. Belin

Metal Cluster Molecules: From Molecule to Metal
L. J. de Jongh, J. Baak, H. B. Brom, D. van der Putten, J. M. van Ruitenbeek,
“and R. C. Thiel

Collective Optical Excitation in Free Metal Clusters.

C. Bréchignac, Ph. Cahuzac, M. de Frutos, N. Kebaili, J. Leygnier, J. Ph. Roux,
and A. Sarfati

A First Principles Investigation of Aluminum Clusters: Geometries, Reactivities, Stabilities,
and Polarizabilities e

M. R. Pederson

Optical Properties of Macroscopic Many Cluster Matter

U. Kreibig

Dipole Resonance Systematics in Metal Particles and Atomic Nuclei

M. Barma and R. S. Bhalerao

Observation of a Spin-Forbidden Optical Transition of Mo, in a Molybdenum Cluster Beam...

P. S. Bechthold, H. Handschuh, H. Noack, and W. Eberhardt

Surface Plasmon Absorption in Cesium Cluster Ions (Cs,*, n=4-21)

N. D. Bhaskar

Quantum Chemical Investigation of Absorption Spectra of Small Alkali Metal Clusters:
Molecular Dimensionality Transition (2D-3D)

V. Bonati¢-Koutecky, J. Pittner, C. Fuchs, P. Fantucci, and J. Koutecky

Raman Studies of Nanocrystalline AIO(OH) Prepared by Sol-Gel Techniques ..........oceursssnnes

C. 1. Doss, A. G. Kallianos, A. L. Ritter, and R. Zallen

Surface Induced Ionization of Water Clusters

D. Yu. Dubov and A. A. Vostrikov

819

829

839

853

861

867

881

887

893

899

907

913



vi

Charge Separation Reactions of Doubly Charged Xe Clusters
M. Fieber, E. Holub-Krappe, J. Lehmann, T. Drewello, and A. Ding

Photoionization of Solvated Cesium Atoms

K. Fuke, F. Misaizu, K. Tsukamoto, and M. Sanekata

Linear and Nonlinear Optical Properties of CuCl-Nanocrystallites: Evolution From Cluster-
like to Bulk-like Behavior

S. Gaponenko, I. Germanenko, L. Zimin, V. Lebed, I. Malinovskii, M. Vasil’ev,
E. Podorova, V. Tsekhomskii, and V. Golubkov

Dipole Excitations of Closed-Shell Alkali-Metal Clusters.
C. Guet and W. R. Johnson

Optical Spectroscopy of Argon Cluster Ions
H. Haberland, B. von Issendorff, H. Kornmeier, W. Orlik, T. Kolar, C.
Ludewigt, T. Reiners, and A. Risch

Observation of Cluster Specific Excitations in Rare Gas Clusters
M. Joppien, J. Wormer, R. Miiller, and T. Méller

Inelastic Collisions of Electrons with Small Metal Clusters

V. V. Kresin, A. Scheidemann, and W. D. Knight

A "Giant Resonance" in Iron: Atom-Clusters-Crystal

L. I. Kurkina, O. V. Farberovich, V. S. Stepanyuk, A. A. Katsnelson, and A.
Szasz

Spectroscopy of Mass-Selected Zirconium Dimers in Argon
Z. Hu, Q. Zhou, J. R, Lombardi, and D. M, Lindsay

Phase Transitions and Coalescence Phenomena in Bi Clusters

M. G. Mitch and J. S, Lannin

Role of Self-interaction Corrections in the Photoabsorption Cross Section of Small Metal
Clusters

J. M. Pacheco and W. Ekardt

Nonlinear Optical Transmission of Nanometric Gold Colloids and its Dependence on Particle

Size

K. Puech, F. Z. Henari, W. Blau, D. J. Cardin, D. Duff, and P. P. Edwards

Dependence of the Plasmon Frequency of Cluster Embedded in a Matrix versus the Cluster
Size

R. J. Tarento, P. Joyes, and J. Van de Walle

Collective Excitations in Silver Cluster Ions

J. Tiggesbaumker, L. Kéller, H. O. Lutz, and K. H, Meiwes-Broer

%Pt NMR of Pty,Phen,,'O,, Metallic Clusters
D. van der Putten, H. B. Brom, L. J. de Jongh, and G. Schmid

919

925

931

937

943

949

957

963

969

977

983

989

995

1001

1007



Observation of Wave Localization in Penrose Lattices

C. Wang, O. Navarro, M. Cruz, R. Fuentes, and R. A. Barrio

Photoelectron Spectroscopy of Weakly-Bound Electrons in Sodium Chloride Cluster Anions...

P. Xia, A. J. Cox, Y. A. Yang, and L. A. Bloomfield

CLUSTER REACTIONS AND CLUSTER-SUPPORT INTERACTIONS

The Unique Nature of Metal Cluster Oxidation
J. L. Gole

Energetics of Atomic and Cluster Processes on Surfaces
T. T. Tsong, C. L. Chen, J. Liu, and C. W. Wu

The D,+Ni,; Reaction: Mode-Specific and Structure-Specific Features

J. Jellinek and Z. B. Guvenc

Charge Transfer Involving Clusters

F. Trager

Interaction of Clusters with Substrates

B. F. Constance, B. K. Rao, and P. Jena

Detection and Characterization of Silver Particles in Sodium Silicate Glasses by means of
High Resolution Electron Microscopy.

M. Dubiel, H. Hofmeister, and St. Thiel

Reaction and Thermochemistry of Mixed Cluster Ions

M. Samy El-Shall and G. M. Daly

Tonic Polymerization within van der Waals Clusters

M. Samy El-Shall

Metastable Fragmentation of Rare Gas Cluster Ions Initiated by Excimer Decay......cocuuierienes

M. Foltin, G. Walder, and T. D. Mirk

Electronic States and H-Adsorption of Co and Co-V Microclusters
N. Fujima and T. Yamaguchi

Chemistry within van der Waals Clusters of Unsaturated Molecules: Observation of Cationic
Polymerization.

J. F. Garvey, M. T. Coolbaugh, S. G. Whitney, W. R. Peifer, and G.
Vaidyanathan

Pulsed Laser Ablation and Cluster Ion Formation from Group VI Elements S, Se, Te, and
Mixtures with Ni and Cu

A. Giardini Guidoni, A. Mele, S. Piccirillo, G. Pizzella, and R. Teghill

Cluster Deposition and Cluster Erosion

J. Gspann

vii

1013

1019

. 1025

1039

1047

1057

1065

1071

. 1077

1083

1089

1095

1101

1109

1115



viii

Magic Numbers of Sodium/Antimony-Clusters Produced by Gas Aggregation and Subsequent
Photoionization 1121
A. Hartmann and A. W. Castleman, Jr.

Collision-Induced Reactions of Molecular Cluster Ions 1125
S. Nonose, J. Hirokawa, M. Ichihashi, M. Sakamoto, T. Tahara, and T. Kondow

Formation and Reactivity of Silicon Carbide Cluster Cations 1131
D. C. Parent

Encagement of Alkali Metal Ions in Gas-phase Water Clusters 1137

A, Selinger and A. W, Castleman, Jr.

Deposition of Lead Clusters on Cold Silver and Photoemission by Synchrotron Radiation......... 1141
H. R. Sieckmann, A. Holub-Krappe, Bu. Wrenger, Ch. Pettenkofer, and K. H.
Meiwes-Broer

Intracluster Anionic Polymerization of (CH,=CXCN),_ (X = H, D, CH;, and Cl) in Collision
with High Rydberg Rare Gas Atoms and Electrons, 1147
T. Tsukuda and T. Kondow

Formation of Negative Cluster Ions by Electron Capture 1153
A. A. Vostrikov, D. Yu. Dubov, and I. V. Samoilov

Scanning Tunneling Microscopy Study of the Interaction Between Adsorbed Clusters and
Graphite Substrates 1159
J. Xhie, K. Sattler, M. Ge, and N. Venkateswaran

Magic Numbers of Metal and Metal-Alloy Clusters and their Chemical Reactivity.......ccocssiersnes 1165
Y. Yamada and A. W. Castleman, Jr.

Scanning Tunneling Microscopy of Tris-(1,10-Phenanthroline) Ruthenium (II) Chloride on
Graphite, Copper, and Gallium Arsenide 17
K. C. Yung, T. M. Vess, and M. L. Myrick

Cluster Quantum Chemical Study of Dihydrogen, Methane, and Water Molecules:
Interactions with Pure and Lithium Doped Magnesium Oxide 1177
N. U. Zhanpeisov and G. M. Zhidomirov

CLUSTER ASSEMBLIES

Nanostructure Fabrication using Bimolecular Templates 1183
K. Douglas, G. Devaud, M. K. Lyon, and N, A. Clark

Film Deposition with Cluster Beams: An Alternate Path to Epitaxial, Crystalline Films ........... 1193
I. Yamada

Applications of Ultra Fine Particles 1203

M. Oda, E. Fuchita, M. Tsuneizumi, S. Kashu, and C. Hayashi



Fullerene and Fulleride Films

A. F. Hebard

Nanoerystalline and Icosahedral Amorphous RF Sputtered CrNi(65:35) Thin Films.......c.ccveerens

M. L. Birjega, C. Sarbu, and M. Alexe

Composite Clusters by Laser Vaporization
F. W. Froben

High Intensity Silver Cluster Beams

O. F. Hagena, G. Knop, and G. Linker

Optical Characteristics of Cu-Nanocluster Layers Assembled by Ion Implantation ....
R. F. Haglund, Jr., R. H. Magruder, III, L. Yang, J. E. Wittig, and R. A Zu]:u'

The Structure and Properties of Nano-size Crystalline Silicon Films

Y. He, C. Yin, W. Tang, and T. Gong

Fivefold Multiply-Twinned Crystallites in Vapour-Deposited Amorphous Thin Films of
Germanium Studied by HREM

H. Hofmeister, P. Werner, and T. Junghanns

Dispersion of Ultrafine Nickel Particles on Alumina Films and their Behaviour in Oxygen
and Hydrogen Atmospheres

J. Kumar and V. Subramanian

Metallization of Si(111) by Lead Cluster Deposition

P. Jonk, H. R. Sieckmann, T. Brammer, B. Wrenger, and K. H. Meiwes-Broer

Crystalline Nanometer-scale ITI-V Clusters

W. A. Saunders, P. C. Sercel, H. A. Atwater, K. J. Vahala, and R. C. Flagan

Incandescent Radiation from 3500 K Hot Clusters

R. Scholl and B. Weber

Nano-structure Fabrication by Organic MBE using Metalloid Porphyrins and Phthalocyanines
Containing III, IV, and V Elements

K. Tanigaki, T. W. Ebbesen, and S. Kuroshima

X-ray Study of Alkoxide-derived Amorphous TiO, Powder

Q. J. Wang, S. C. Moss, M. L. Shalz, A. M. Glaeser, H. W. Zandbergen, and P.
Zschack

MATERIALS INVOLVING CARBON

Isomerization and Icosahedral Fullerenes.

B. I. Dunlap

1213

1221

1227

1233

. 1239

1245

1251

1257

1263

1269

1275

1281

1287

1295



X

Formation of Muonium and a Muonic Radical in Fullerene.
E. J. Ansaldo, J. J. Boyle, Ch. Niedermayer, G. D. Morris, J. H. Brewer, C. E.
Stronach, and R. S. Cary

Magnetic Susceptibility of Pristine C, and K-doped Cg, and Heat Capacity of Solid C...........
S. Bandow, H. Oya, N. Akuzawa, H. Shinohara, H. Nagashima, A. Nakaoka, M
Ohkohchi, Y. Ando, and Y. Saito

Photoemission Spectra of Cg, Clusters in Metal and Nonmetal Systems
S. J. Chase, R. Q. Yu, M. G. Mitch, and J. S. Lannin

Electronic Structure of Fullerenes: Isolated Molecules and Metal-Doped Crystals ... B
M. R. Pederson, S. C. Erwin, W. E. Pickett, K. A. Jackson, and L. L. Boyer

Cg, Rotational Dynamics in the Solid State
R. D. Johnson, C. S. Yannoni, H. C. Dorn, J, R. Salem, and D. S. Bethune

Ab-initio Molecular Dynamics Simulation of Cg,

H. Kamiyama, K. Ohno, Y. Maruyama, and Y. Kawazoe

Radial Distribution Function Studies of the Structure of Cg,

F. Li and J. S. Lannin

Relative Energetics of C,, Fullerene Isomers......

M. Lyons, B. I. Dunlap, D. W. Brenner, D. H. Robertson, R. C. Mowrey, J. W.
Mintmire, and C. T. White

Molecular Dynamics Simulations of Cg,/He Collisions

R. C. Mowrey, D. W. Brenner, B. 1. Dunlap, J. W. Mintmire, and C. T. White

Formation and Characterization of C4He!.

M. M. Ross and J. H. Callahan

Electron Microscopy, Electron Energy Loss and X-ray Emission Spectroscopy of Solid Cg,
and C,

Y. Saito, N. Suzuki, M. Terauchi, R. Kuzuo, M. Tanaka, H. Shinchara, A
Ohshita, M. Ohkohchi, and Y. Ando

Superconductivity in Alkali Intercalated C........

M. Schluter, M. Lannoo, M. Needels, G. A. Baraff, and D. Tomanek

Extraction and Characterization of Large All-Carbon Fullerenes

H. Shinohara, H. Sato, Y. Saito, A. Izuoka, T. Sugawara, H. Ito, T. Sakurai, and
T. Matsuo

Carbon K-edge XANES and EXAFS of Cy, Cy, and K,C,,
H. Shinohara, H. Sato, Y. Saito, M. Kobayashi, Y. Akahama, H. Kawamura,
and K. Tohji

Tight-Binding Molecular Dynamics Study of Cg and Other Carbon CIUSters ........coceeusemrrmreneeens
C. Z. Wang, C. H. Xu, B. L. Zhang, C. T. Chan, and K. M. Ho

1305

1311

1317

. 1323

1329

1335

1341

1347

1353

1359

1365

1371

1379

1391



xi

Virtual Symmetric Charge Transfer Superconducting Pairing Excitations in C ... e 1397
C. T. White, M. R. Cook, B. I. Dunlap, R. C. Mowrey, D. W. Brc::mcr P P
Schmidt, and J. W. Mintmire

International Advisory Board 1403
Local Organizing Committee. 1403
Participants 1405
Author Index 1421

Subject Index 1427




