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PREFACE 

Recent innovations in experimental techniques such as molecular and cluster beam epitaxy, 
supersonic jet expansion, matrix isolation and chemical synthesis are increasingly enabling researchers 
to produce materials by design and with atomic dimension. These materials constrained by sire, shape, 
and symmetry range from clusters containing as few as two atoms to nanoscale materials consisting of 
thousands of atoms. They possess unique structuraI, electronic, magnetic and optical properties that 
depend strongly on their size and geometry. The availability of these materials raises many 
fundamental questions as weIl as technological possibilities. 

From the academic viewpoint, the most pertinent question concerns the evolution of the atomic 
and electronic structure of the system as it grows from micro clusters to crystals. At what stage, for 
example, does the cluster look as if it is a fragment of the corresponding crystal. How do electrons 
forming bonds in micro-clusters transform to bands in solids? How do the size dependent properties 
change from discrete quantum conditions, as in clusters, to boundary constrained bulk conditions, as 
in nanoscale materials, to bulk conditions insensitive to boundaries? How do the criteria of 
classification have to be changed as one goes from one size domain to another? 

Potential for high technological applications also seem to be endless. Clusters of otherwise 
non-magnetic materials exhibit magnetic behavior when constrained by size, shape, and dimension. 
NanoscaIe metal particles exhibit non-linear opticaI properties and increased mechanical strength. 
SimiIarly, materials made from nanoscale ceramic particIes possess plastic behavior. Recent discovery 
of C6Q buckyballs and micro-tubules of graphitic carbon and their ease of production show promise in 
a variety of industrial applications starting from drug delivery to lubricants and superconductivity. The 
strong dependence of cluster size on their reaction with reagent gases opens new doors for 
understanding catalysis. Since the properties of clusters can be drastically modified by changing only 
a few atoms, one can imagine having a three-dimensionaI periodic table of elements (cluster size 
providing the third dimension) from which new materials can be custom made. The field, therefore, 
represents a true interdisciplinary forum that needs coordinated efforts by physicists, chemists, material 
scientists, and engineers to tap its fuIl potential in aiding our fundamental knowledge and quest for new 
materials. 

The Physics and Chemistry of finite systems consisting of clusters, nano-structures, and 
quasicrystals was the subject of arecent international symposium held in Richmond, Virginia during 
the week of October 8-12, 1991. The purpose of the symposium was to bring together researchers from 
different disciplines including Physics, Chemistry, Mathematics, materials science, and Engineering to 
discuss the various challenging problems of both fundamental and technologicaI importance. The 
symposium consisted of fourteen plenary sessions and two poster sessions. There were fIfty two invited 
papers and 211 contributed poster presentatioI}S presented by nearly 300 scientists from 28 countries. 
The symposium concluded with a panel discusSion on outstanding problems and future directions of 
the field. The proceedings of this symposium constitute this book. 

xv 
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The discussions and presentations included a number of topics: 

-Preparation and characterization 
-Atomic and electronic structure 
-Stability and fragmentation 
-Electronic, optical, magnetic, and thermodynamic properties 
-Molecular dynamics simulation 
-Melting 
-Cluster reactions and catalysis 
-Cluster support inter action 
-Cluster assemblies 
-Cluster materials involving C60 fullerenes 
-Technological applications 

The symposium was in the planning stage for nearly two years, and we owe our gratitude to 
a large number of colleagues and institutions who have assisted with the organization of the meeting. 
We are indebted to Professor Linus Pauling for serving as the honorary chairman of this conference 
and to members of the International Advisory Board for their help in selecting the topics and speakers. 
We are grateful to the members of the Local Organizing Committee for spending countless numbers 
of hours during the planning stage. We wish to thank the conferees for the high quality of their 
participation in the invited and poster presentations, and exchange of ideas. Our special thanks go to 
Ms. Barbara Martin for her tireless effort in looking after all the arrangements. 

This symposium was made possible by generous grants from the North Atlantic Treaty 
Organization and Philip Morris, U.SA. The symposium was also supported in part by grants from the 
National Science Foundation, Office of Naval Research, Oak Ridge Associated Universities, Army 
Research Office, and Extrel Corporation. We acknowledge, with gratitude, fmancial assistance from 
Virginia Commonwealth University, the symposium host. 

Richmond, Virginia 
December 1992 

P.Jena 
S. N. Khanna 

B. K. Rao 



Physics and Chemistry 
of Finite Systems: 
From Clusters to Crystals 

Volume 11 

edited by 

P.Jena 
S. N. Khanna 
and 

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

Springer-Science+Business Media, B.V. 



CONTENTS 

ELECTRICAL AND OPTICAL PROPERTIES 

Transport Properties and Electronic Structure of Quasicrystals ....................................................... 819 
B. D. Biggs, S. J. Poon, and F. S. Pierce 

Electronic Distributions of Quasicrystalline Phases ............................................................................. 829 
E. Belin 

Metal Cluster Molecules: From Molecule to Metal............................................................................ 839 
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........................................................................... 853 
C. Brechignac, 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 ..................................................................................................................................... 861 

M. R. Pederson 

Optical Properties of Macroscopic Many Cluster Matter .................................................................. 867 
U. Kreibig 

Dipole Resonance Systematics in Metal Particles and Atomic Nuclei............................................. 881 
M. Barma and R. S. Bhalerao 

Observation of a Spin-Forbidden Optical Transition of Mo2 in a Molybdenum Cluster Beam... 887 
P. S. Bechthold, H. Handschuh, H. Noack, and W. Eberhardt 

Surface Plasmon Absorption in Cesium Cluster Ions (Cs. +, n=4-21).............................................. 893 
N.D.Bhaskar 

Quantum Chemical Investigation of Absorption Spectra of Small Alkali Metal Clusters: 
Molecular Dimensionality Transition (20-30) ..................................................................................... 899 

V. Bonal:ic-Koutecky, J. Pittner, C. Fuchs, P. Fantucci, and J. Koutecky 

Raman Studies of Nanocrystalline AlO(OH) Prepared by Sol-Gel Techniques ............................ 907 
C. J. Doss, A. G. Kallianos, A. L. Ritter, and R. Zallen 

Surface Induced Ionization of Water Clusters ...................................................................................... 913 
D. Yu. Dubov and A. A. Vostrikov 



vi 

Charge Separation Reactions of Doubly Charged Xe Clusters ......................................................... 919 
M. Fieber, E. Holub-Krappe, J. Lehmann, T. Drewello, and A. Ding 

Photoionization of Solvated Cesium Atoms ...........•.............................................................................. 925 
K. Fuke, F. Misaizu, K. Tsukamoto, and M. Sanekata 

Linear and Nonlinear Optical Properties of CuCI-Nanocrystallites: Evolution From Cluster-
like to Bulk-like Behavior ........................................................................•................................................ 931 

S. Gaponenko, 1. Germanenko, L. Zimin, V. Lebed, 1. Malinovskii, M. Vasil'ev, 
E. Podorova, V. Tsekhomskii, and V. Golubkov 

Dipole Excitations of Closed-Shell Alkali-Metal Clusters................................................................... 937 
C. Guet and W. R. Johnson 

Optical Spectroscopy of Argon Cluster Ions ......................................................................................... 943 
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.................................................... 949 
M. Joppien, J. Wormer, R. Miiller, and T. Moller 

Inelastic Collisions of Electrons with Small Metal Clusters ............................................................... 957 
V. V. Kresin, A. Scheidemann, and W. D. Knight 

A "Giant Resonance" in Iron: Atom-Clusters-Crystal.......................................................................... 963 
L. I. Kurkina, O. V. Farberovich, V. S. Stepanyuk, A. A. Katsnelson, and A. 
Szasz 

Spectroscopy of Mass-Selected Zirconium Dimers in Argon............................................................. 969 
Z. Hu, O. Zhou, J. R. Lombardi, and D. M. Lindsay 

Phase Transitions and Coalescence Phenomena in Bi Clusters......................................................... 977 
M. G. Mitch and J. S. Lannin 

Role of Self-interaction Corrections in the Photoabsorption Cross Section of Small Metal 
Clusters ..........................................................................................................................•............................. 983 

J. M. Pacheco and W. Ekardt 

Nonlinear Optical Transmission of Nanometric Gold Colloids and its Dependence on Partide 
Size................................................................................................................................................................ 989 

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................................................................................................................................................................ 995 

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

Collective Excitations in Silver Cluster Ions .............•............•......•....................................................... 1001 
J. Tiggesbăumker, L. Koller, H. O. Lutz, and K. H. Meiwes-Broer 

195Pt NMR of P~he~'030 Metallic Clusters .•............................................•.........•....•....•......•.......... 1007 
D. van der Putten, H. B. Brom, L. J. de Jongh, and G. Schmid 



vii 

Observation of Wave Localization in Penrose Lattices ....................................................................... 1013 
C. Wang, O. Navarro, M. Cruz, R. Fuentes, and R. A. Barrio 

Photoelectron Spectroscopy of Weakly-Bound Electrons in Sodium Chloride Cluster Anions ... 1019 
P. Xia, A. J. Cox, Y. A. Y ang, and L. A. Bloomfield 

CLUSTER REACTIONS AND CLUSTER-SUPPORT INTERACTIONS 

The Unique Nature of Metal Cluster Oxidation .................................................................................. 1025 
J. L. Gole 

Energetics of Atomic and Cluster Processes on Surfaces................................................................... 1039 
T. T. Tsong, C. L. Chen, J. Liu, and C. W. Wu 

The 0 2 + Ni13 Reaction: Mode-Specific and Structure-Specific Features .......................................... 1047 
J. Jellinek and Z. B. Guvenc 

Charge Transfer Involving Clusters ........................................................................................................ 1057 
F. Trăger 

Interaction of Clusters with Substrates .................................................................................................. 1065 
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.................................................................................................... 1071 

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

Reaction and Thermochemistry of Mixed Cluster Ions....................................................................... 1077 

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

Ionic Polymerization within van der Waals Clusters............................................................................ 1083 
M. Samy El-Shall 

Metastable Fragmentation of Rare Gas Cluster Ions Initiated by Excimer Decay ........................ 1089 
M. Foltin, G. Walder, and T. D. Mărk 

Electronic States and H-Adsorption of Co and Co-V Microclusters ................................................ 1095 
N. Fujima and T. Yamaguchi 

Chemistry within van der Waals Clusters of Unsaturated Molecules: Observation of Cationic 
Polymerization............................................................................................................................................. 1101 

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

Pulsed Laser Ablation and Cluster Ion Formation from Group VI Elements S, Se, Te, and 
Mixtures with Ni and Cu........................................................................................................................... 1109 

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

Cluster Deposition and Cluster Erosion ................................................................................................ 1115 

J. Gspann 



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. Tabara, 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. Siekmann, A. Holub-Krappe, Bu. Wrenger, Ch. Pettenkofer, and K. H. 
Meiwes-Broer 

Intracluster Anionic Polymerization of (CH2=CXCN)m (X = H, D, CH3, and CI) 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 1. 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...................... 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 .............................................................................................. 1171 

K. C. Yung, T. M. Vess, and M. L. Myrick 

Cluster Quantum Chemical Study of Dihydrogen, Methane, and Water Molecules: 
lnteractions 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 
1. Yamada 

Applications of Ultra Fme Particles .........................................•............................................................. 1203 
M. Oda, E. Fuchita, M. Tsuneizum~ S. Kashu, and C. Hayashi 



ix 

Fullerene and Fulleride Films.................................................................................................................. 1213 
A. F. Hebard 

Nanocrystalline and Icosahedral Amorphous RF Sputtered CrNi(65:35) Thin Films.................... 1221 
M. 1. Bîrjega, C. Sârbu, and M. Alexe 

Composite Clusters by Laser Vaporization ........................................................................................... 1227 
F. W. Froben 

High Intensity Silver Cluster Beams ....................................................................................................... 1233 
O. F. Hagena, G. Knop, and G. Linker 

Optical Characteristics of Cu-Nanocluster Layers Assembled by Ion Implantation ...................... 1239 
R. F. Haglund, Jr., R. H. Magruder, III, L. Yang, J. E. Wittig, and R. A. Zuhr 

The Structure and Properties of Nano-size Crystalline Silicon Films............................................... 1245 
Y. He, C. Yin, W. Tang, and T. Gong 

Fivefold Multiply-Twinned Crystallites in Vapour-Deposited Amorphous Thin Filins of 
Germanium Studied by HREM............................................................................................................... 1251 

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

Dispersion of Ultrafme Nickel Particles on Alumina Films and their Behaviour in Oxygen 
and Hydrogen Atmospheres..................................................................................................................... 1257 

J. Kumar and V. Subramanian 

Metallization of Si{111) by Lead Cluster Deposition........................................................................... 1263 
P. Jonk, H. R. Siekmann, T. Brammer, B. Wrenger, and K. H. Meiwes-Broer 

Crystalline Nanometer-scale III-V Clusters........................................................................................... 1269 
W. A. Saunders, P. C. Sercel, H. A. Atwater, K. J. Vahala, and R. C. Flagan 

Incandescent Radiation from 3500 K Hot Clusters ............................................................................. 1275 
R. Scholl and B. Weber 

Nano-structure Fabrication by Organic MBE using Metalloid Porphyrins and Phthalocyanines 
Containing III, IV, and V Elements ............................•.•........................................................................ 1281 

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

X-ray Study of Alkoxide-derived Amorphous Ti02 Powder ............................................................... 1287 
O. J. Wang, S. C. Moss, M. L. Shalz, A. M. Glaeser, H. W. Zandbergen, and P. 
Zschack 

MATERIALS INVOL VING CARBON 

Isomerization and Icosahedral Fullerenes.............................................................................................. 1295 
B. 1. Dunlap 



X 

Formation of Muonium and a Muonic Radical in Fullerene.............................................................. 1305 
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 C60 and K-doped C60, and Heat Capacity of Solid C60 ••••••••••• 1311 
S. Bandow, H. Oya, N. Akuzawa, H. Shinohara, H. Nagashima, A. Nakaoka, M. 
Ohkohchi, Y. Ando, and Y. Saito 

Photoemission Spectra of C60 Clusters in Metal and Nonmetal Systems ......................................... 1317 
S. J. Chase, R. Q. Yu, M. G. Mitch, and J. S. Lannin 

Electronic Structure of Fullerenes: Isolated Molecules and Metal-Doped Crystals ...................... 1323 
M. R. Pederson, S. C. Erwin, W. E. Pickett, K. A. Jackson, and L. L. Boyer 

C60 Rotational Dynamics in the Solid State ....................................................•.................................... 1329 
R. D. Johnson, C. S. Yannoni, H. C. Dom, J. R. Salem, and D. S. Bethune 

Ab-initio Molecular Dynamics Simulation of C60 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1335 
H. Kamiyama, K. Ohno, Y. Maruyama, and Y. Kawazoe 

Radial Distribution Function Studies of the Structure of C60 ............................................................ 1341 
F. Li and J. S. Lannin 

Relative Energetics of C44 Fullerene Isomers. ................................ ,...................................................... 1347 
M. Lyons, B. 1. Dunlap, D. W. Brenner, D. H. Robertson, R. C. Mowrey, J. W. 
Mintmire, and C. T. White 

Molecular Dynamics Simulations of C60/He Collisions ...................................................................... 1353 
R. C. Mowrey, D. W. Brenner, B. 1. Dunlap, J. W. Mintmire, and C. T. White 

Formation and Characterization of C~e~.............................................................................. .............. 1359 
M. M. Ross and J. H. Callahan 

Electron Microscopy, Electron Energy Loss and X-ray Emission Spectroscopy of Solid C60 

and ~ ......................................................................................................................................................... 1365 
Y. Saito, N. Suzuki, M. Terauchi, R. Kuzuo, M. Tanaka, H. Shinohara, A. 
Ohshita, M. Ohkohchi, and Y. Ando 

Superconductivity in Alkali lntercalated C60 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1371 
M. Schluter, M. Lannoo, M. Needels, G. A. Baraff, and D. Tomanek 

Extraction and Characterization of Large Ali-Carbon Fullerenes .................................................... 1379 
H. Shinohara, H. Sato, Y. Saito, A. lzuoka, T. Sugawara, H. lto, T. Sakurai, and 
T. Matsuo 

Carbon K-edge XANES and EXAFS of C60> C,." and K:tC60 ............................................................. 1385 
H. Shinohara, H. Sato, Y. Saito, M. Kobayashi, Y. Akahama, H. Kawamura, 
and K. Tohji 

Tight-Binding Molecular Dynamics Study of C60 and Othef Carbon Clusters ...•....•...................... 1391 
C. Z. Wang, C. H. Xu, B. L. Zhang, C. T. Chan, and K. M. Ho 



xi 

Virtual Symmetric Charge Transfer Superconducting Pairing Excitations in Cw .......................... 1397 
C. T. White, M. R. Cook. B. 1. Dunlap, R. C. Mowrey, D. W. Brenner, P. P. 
Schmidt, and J. W. Mintmire 

International Advisory Board ................................................................................................................... 1403 

Local Organizing Committee.................................................................................................................... 1403 

Participants.................................................................................................................................................. 1405 

Author Index............................................................................................................................................... 1421 

Subject Index............................................................................................................................................... 1427 




