
TABLE OF CONTENTS 

Preface xi 

Professor Edward Teller's Address to the Meeting Participants 
Teller. E 

The lahn-Teller Effect: A permanent presence in the frontiers of science 
Englman,. R,'yahalom, A 

5 

Orbital Ordering and Vibronic States in Manganese Perovskites 
7Jwu, ], -S, Goodenough, J.B, 

15 

Sum Rules for Jahn-Teller Reduction Factors 
Bates, CA"Dunn, J.L., Oliete, P.E., Stedman, G.E 

23 

Chemistry of Vibronic Coupling 
Grochala, w., Hoffmann, R. 

31 

Field-Induced Crossover and Colossal Magnetoresistancc in L'4l.7Pbo3Mn03 

Chu, C W.. Xue, Y Y., Lorenz, B., Heilman, A.K., Gospodinov, M .. Dobreva, S.G. 

47 

Jahn-Teller Effect and Doping in Manganites 
Dzero, M" Gor'kov, L., Kresin, V, 

57 

Degenerate and Nondegenerate States in Jahn-Teller Problems 
Bersuker, I.E. 

73 

DFT Calculations of the "Lone-Pair" Effect - A Tool for the Chemist to Predict Molecular 
Distortions? 
Reinen, D., Atanasov, M, 

83 

The {E®E)®e Vibronic Coupling Case: A Prototypal Product Jahn-Teller System 
Qiu, Q,C., Ceulemans, A. 

97 

Exchange Variation of Zero-Field Splitting in Polynuclear Clusters with High-Spin Ground State 
Belinsky, MJ. 

103 

Double Exchange in Orbitally Degenerate Mixed Valence Clusters: Magnetic Anisotropy, 
Vibronic Effects 
Borras-Almenar, J.J., Clemente-Juan, J.M" Coronado, E, Mirovitskii, V Yu., Palii, A. V, 
Tsukerblat. B.S. 

III 

Singlet Pairing Amongst Degenerate Electronic States:"Softerllng Bipolarons" 
Emin, D. 

123 

('nant Negative Magnetoresistance and Strong Electron-Lattice Coupling in Amorphous 
Semiconductors with Magnetic Impurities 
Bratkovsky, A.M 

133 

Jahn-Teller Effect in Transition Metal Oxides 
Louca, D. 

141 

Magnetoelastic Properties of Jahn-Teller Crystals with Colossal Magnetoresistance 
Kaplan, M.D., Vekhter, B" Zimmerman, G.O. 

153 



viii 

Vibronic Effects in Spectroscopy of Heme Proteins 
Stavrov, S.S. 

165 

lahn-Tener C\usters i.n Dielectrics and Cuprates 
Yablowv, Ya. V. 

173 

Mhc\\)\\\\~ In i-o.\\n-1'e\\et S'ls\eml) 
Fishman, AYa., Ivanov, M.A, Tkachev, N.K. 

\.S3 

Jahn-Teller Levels of Defects in AIvB VI Semiconductors Doped by High Dose Ion Implantation 

Dashevsky, z., Chaikovsky, I. 

197 

The Dynamic Jahn-Teller Effect in High-Tc Superconductors and Water Buckyballs 
f ohnson, K. 

205 

X-ray Scattering Studies of Correlated Polarons in Lao.7Cao.3Mn03 

Nelson, CS., Zimmermann. M v.. Hill, J.P., Gibbs, D., Kiryukhin, V., Koo, TY., Cheong, Sow. 

209 

Dopant Induced Enhancement ofthe Jahn-Teller Effect in Perovskite Cuprates 
Polinger, V., Haskel, D., Stern, A.E. 

215 

EPR Study of Cu2+ Doped (C"H2n+!NH3) 2CdCI4 Crystals (n= I ;3) with Layer Strueture 221 

Valiente, R., Rodriguez, F., Moreno, M., Lezama, L 

Nondegenerate Ground Vibronic States in the Linear T® (e+t2) Jahn-Teller Problem 

Bevilacqua, G., Bersuker, LB., Martinelli, L. 

229 

Vibronic Model of Double Triangular Mixed-Valence Clusters with Spin Frustration Effects 
Fainzilberg, V.E. 

2,33 

Jahn-Teller Effect in Corannulene Anion 
Sato, T., Yamamoto, A., Tanaka, H. 

243 

Franck-Condon Approximation for Second Order Reduction Factors: Application to Vibronic 
Reduction in Fullerenes 
Abou-Ghantous, M, Dunn, f.L, Polinger, V.z., Bates, CA. 

247 

Symmetries of Jahn-Teller States in Charged Fullerenes 
Wang, CoL, Vi, Y.-A., Tian, L, Suo Z-B 

251 

Quantum-Chemical Approach to Zero-Dimensional Anti-Ferroelectrics and Quantum 
Paraelectrics of the K3H(S04) 2 Family 
Dolin, S.P .. Levin, A.A., Mikhailova, T Yu., Solin, M. V. 

263 

Intluence of Jahn-Teller Ions on Spin-Lattice Relaxation in Ferri magnets 
Dionne, G.F. 

269 

Berryonic Matter in the Cuprates 
Markiewicz, R.S. 

273 

Microscopic Mechanism of Stripe Pairing Phase Formation 
Kaplan, M.D., Zimmerman, G.O. 

277 

285 



ix 

Vibronic Couplng in Fullerene Systems: An Analysis of Theoretical and Experimental Studies 
Hands, I.D., Dunn, i.L., Bates, CA. 

EPR and x-ray Studies of the Vibronic Effects in Cs2Cu(ZrF6h6(H20) Crystal 291 
Augustyniak-iablokow, M.A., Yablokov, Yu. V., Lukaszewicz, K., Pietraszko, P.E., Tomaszewski, 
P.E.. Petrashen, V.E. 

The Dynamics of the Jahn-Teller Oxides 295 
Chernishov, V.A., Nikiforov, A.E., Popov, S.E., Zaharov, A.Yu. 

Molecular Mechanisms of Proton Ordering and Formation of Ferroelectric Properties in Systems 301 

with 3D, 2D and OD H.-bond Networks 

Levin, A.A., Dolin, S.P., Kirilova, N.l. 

The Crucial Role of Jahn-Teller Effect in the Fonnation of Orbital and Magnetic 307 

Structures of Charge Ordered Manganite R05Ao.5Mn03 

Gontchar, LE., Nikiforov. A.E., Popov, s.E. 

Ferroelectric Phase Transitions in a Lattice Pseudo-Jahn-Teller Model 313 

Clougherty, D.P. 

lahn-Teller Polarons in Lightly Doped Laj.xSrxMn03 as Studied by EPR 317 

Ivanshin, V.A., Eremin, M. V., Krug van Nidda, B.A., Deisenhofer, i., Loidl, A. 

Cubic Ni]+ Centres in LaSrAl l _ Nix04±o 323 


Ivanova, 1:A., iacyna-Onyszkiewicz, l., Mrozinski, 1., Yablokov, Yu. V, Zelentsov, V V. 


329 


x

Physical Mechanism of the Crossover of Ground State Energy Levels in Linear H®h Systems 
Polinger, V, Huang, R. , Bates, CA., Dunn, i.L. 

lahn-Teller and A1g Vibrations for Mn2+ Doped Fluoroperovskites:Stokes Shift 335 


Barriuso, M.T. Moreno, M., Aramburu, i.A. 

Anharmonic Gap Modes in Alkali Halides 343 

Nevedrov, D., Hizhnyakov, V., Sievers, A..!. 

Free and Spin-Polaron States in Hight Tc Superconductors 349 

Shelkan, A., Hizhnyakov, v., Seibold, G., Sigmund, E. 


Formation of the lahn-Teller Glassy State in the Mixed Potassium-Ammonium Tuton Salts 357 

Augusfyniak-iablokow, M.A. 

Role of Jahn-Teller Coupling in G-Values in Yo. 363 


Anderson, Fo. 

Fine Interactions and the Jahn-Teller Effect in Luminescence of Fe2 
+ in II-VI Compounds 367 


Bevilacqua. G.,Martinelli, L, Russo, G., Pastori Parravicini, G., Mualin, 0., Vogel, E.E., de 
Orue, M.A., Rivera-Iratchet, i. 

INDEX 377 

LIST OF CONTRIBUTORS 381 




--- -- _._- -----"-'-­

PREFACE 


This book is based mostly on the reports presented at the XVth 
International Jahn-Teller Symposium on Vibronic Interactions in Crystals 
and Molecules and NATO Advanced Research Workshop Colossal 
Magnetoresistance and Vibronic Interactions that took place at Boston on 
August 16-22 of the year 2000. 

This is the first time the Symposium took place in the USA where 
recently the giant splash of the attention to the Jahn-Teller effect occurred. 
This tremendous interest to the field all over the world is reflected not only in 
the numerous publications in many American and European Journals, but 
additionally in the Symposium's participation of the leading scientists from 
the well known Universities, National Laboratories and industrial companies, 
which was the largest in the history of the Symposium. 

The renaissance of the Jahn-Teller physics is closely related to the three 
fundamental discoveries in science. The most significant among them is the 
discovery of high-Tc superconductivity by K.-A. Muller and G. Bednorz, for 
whom the "Jahn-Teller idea" was the motivation in their search. The result of 
this search is well known - a wide spectrum of the Jahn-Teller ion based 
materials with Tc between 24K and 135K were found. The second discovery 
is the existence of a new polymorph of carbon - the C60. The microscopic 
analysis of all physical, chemical and biological properties of the buckyballs 
is based on Jahn-Teller type of interactions. The third is colossal 
magnetoresistance. This phenomenon was recently rediscovered in the 
manganese oxide compounds and attracts attention not only for its very rich 
physics but also for its very promising applications in industry. And here 
once again the Jahn-Teller ion - ion with orbitally degenerate or pseudo 
degenerate electronic ground state - plays the major role in the most of the 
material properties. 

Turning again to the particulars of the XVth Jahn-Teller Symposium, we 
would like to comment on one of its distinguishing features. For the first 
time, the father of the Jahn-Teller effect, Prof. Edward Teller participated in 
the Symposium. While his illness restricted him from coming to Boston and 
delivering his talk at the time of the Symposium, we were able to meet him 
in advance and to recor-d his greeting and a presentation to the participants. 
His brief historical remarks, opinions on the role of the Jahn-Teller effect in 
Materials Science and high-Tc superconductivity, and some of his novel 
ideas will be of interest to the readers. 

It is our hope that the book will be helpful to the scientists interested in 
colossal magnetoresistance, high-Tc superconductivity, buckyballs, and new 
magnetics with orbital degeneracy. Quite often, the new enthusiasm in one of 
the science fields is accompanied by "rediscoveries". This book should save 
some work time for those interested in the electron-phonon interaction at 
orbital degeneracy the Jahn-Teller effect, - while, of course, it does not 
contain ready solutions to many of the problems. 
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One of the goals of the XVth lahn-Teller Symposium was to bring 
together scientists from different fields physics, chemistry, biology--, who 
are working on Jahn-Teller problems, for developing a "common language 
and common ideological platforms". That is why in the Program of the 
Symposium the different subject presentations are next to each other. 

The structure of the book corresponds in this sense to the structure of the 
Symposium. There are "short" (4-5 pages) and "long" (8-16 pages, related to 
the invited talks) manuscripts on different subjects. The reader will find in 
the book, for example, the results of the experimental studies and reviews on 
colossal magnetoresistance (1. Goodenough and Zhoo, D. Looca, 
C. Nelson), chemical point of view on high-Tc superconductivity (W. 
Grochala and RHoffmann) and materials science of perovskites (M. 
Atanasov and D. Reinen), vibronic interactions in biological systems (M. 
Belinski, S. Stavrov) and molecules (Co Bates, J. Dunn, M. Abou-Gantous), 
theoretical studies of colossal magnetoresistance (L. Gor'kov, V. Kresin, and 
M. Dzero) and structural phase transitions (M. Kaplan, B. Vekhter, G. 
Zimmerman), high-Tc superconductivity (A. Bratkovsky, V. Polinger, D. 
Haskel, A. Stern), fundamental questions of the Jahn-Teller effect (1 
Bersuker, A. Ceulemans, Q. Qiu). However, all the manuscripts on the 
different subjects have a commonality, the Jahn-Teller, or vibronic, 
approach. This should be of interest to the reader from any of these fields. 

Of =1J.\:~, it i~ difficJJlt t.., =wie~ t~ at~£'?he,e ..,{ ~;r,.r,:.\te~t;l.t 'W.d 
creative energy that pervaded the Symposium. As the participants are 
acknowledging, the Symposium and the NATO ARW were most successful. 
This was made possible by the support of the meeting's sponsors. The 
financial support of NATO's Science Division was crucial for the success of 
the Symposium. The organizational and financial help of the hosts of the 
meeting Boston University and Simmons College can not be overestimated. 
The support of MKS, Elsevier Publisher, and Mitre is gratefully 
acknowledged. 

We would like to thank all authors for their contributions and time it took 
them for preparing the manuscripts. 

Michael Kaplan, 
George Zimmerman. 
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Professor Edward Teller's Address to the Meeting 
Participants 

Edward Teller 
Fairchild Institute, Stanford University, Stanford, CA 95305 

Key words: 

Abstract: This address, recorded by M.D. Kaplan and G.O. Zimmerman on December 11, 
1999, is a transcript of a video tape which was presented as the first 
contribution to the meeting. It contains greetings, a brief history of the lahn­
Teller effect discovery, and ideas of temperature induced high-Tc 
superconductivity and related properties. 

It is a very great pleasure to be here, I believe, at the XVth Symposium, 
on what people have called the lahn-Teller effect. The XVth but the first in 
the United States. 

I want to start by thanking Professors Kaplan and Zimmerman to get me 
to this meeting and particularly also Dr. Kresin who made it absolutely 
necessary that I say a few words, which I shall now do, 

I want to start with repeating something that I said in the past, how it all 
came about. I used to be, some 60 years ago, working in Gottingen with a 
nice student by the name of Renner and I told him: 

"Let's look at it, three-atomic molecule of carbon dioxide, and get the 
electronic excitations mixed with the vibrations that destroy the symmetry," 
What a nice paper (resulted from this investigation)! 

Then he (Renner) had to take over the business of his father. He was a 
good physicist; never had the opportunity to exercise it, and died. 

I then came to Copenhagen and got into a violent fight with my very 
good friend Lev Landau. He said that it can not be, If there is electronic 
degeneracy of the poly atomic molecule, the molecule will move and split the 
degeneracy as a result of interactions of electrons with atoms' motion, I said 

M.D. Kaplan and G.O. Zimmerman (elis.), 
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no, and we had a fight. And surprisingly and absurdly I won even though 
Lev was the very-very great physicist. He agreed it could be so. 

And look how it can be. I knew a very good expert in symmetry by the 
name of Jahn. I asked him to help me to check, if this opportunity to show 
that Landau is wrong is unique, or are there other kind of molecules which 
can be electronically degenerate and symmetrical and stable. And by looking 
to all symmetries we found, that Lev Landau is absolutely always right '. except for molecules where all atoms are in a straight line, which can be 
degenerate and stable. Otherwise, electronic degeneracy leads to deviation of 
the symmetry and the splitting of the degenerate level. I suspected rightly 
that all kinds of other things will follow and also suspected rightly that it 
would be very-very hard to understand and analyse. 

The 15 Symposia show that indeed it was hard and interesting. Of the 
very many effects of degenerate electronic states, of the Jahn-Teller effect, I 
want to use one, perhaps the most striking one, superconductivity. 
Superconductivity is not due to the electronic degeneracy. It is due to 
something similar-to the density of electronic states. No mysteries, many 
electronic states in a small energy interval, will, of course, in the limit, lead 
to degeneracy. That situation can give rise to superconductivity. And, in 
particular, has given rise, in recent years, to a remarkable phenomenon of 
high temperature superconductivity. 

(In another case it is possible that superconductivity is induced by high 
temperatures.) That situation -the high temperature induced 
superconductivity- creates something different from the usual case. The 
usual effect of high temperatures creates disorder. Could high temperature 
create something like order and superconductivity connected with order or 
rather with high density of electronic states? It appears that the answer is 
yes. It appears that we can have high temperature superconductivity up to 
more than lOOK. Because we have a mini-degeneracy of the lower states and 
then, at higher temperature, the population of the higher states increases and 
the high electron density can result at the higher temperature. That is 
something to be observed. The result is to see something not only at low 
temperatures, but at temperatures that become more and more high. 

I do not want to talk to you too much. But I want to put before you a 
question. I do not know the answer to this question, but I am very much 
interested in it. What has been found is the superconductivity persisting at 
high temperatures. My question is: can superconductivity be not persisting at 
high temperatures, but be created at high temperatures. A situation, when in 
the lowest state encountered in perovskite crystals, the superconductivity 
continues to exist up to more than lOOK. Could it be that the lowest state is 
not symmetric enough to create superconductivity? If you raise the 
temperature, you excite a multielectronic state that is not only a high density 
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electronic state but is sufficiently coupled with vibrations to bring about a 
· propagating wave. This wave is stable enough so that it can carry electricity 
ill a stable manner and create superconductivity. 

I mean this question specifically in hope to make you rather interested. 
· But I want you to remember that if you find these higher temperature states, 
JIIey may have not only the possibility to be superconducting. They may 
hive the possibility of peculiar new crystal formations, crystal 
~ 

Inmsformations and effects like magnetism, such as has been observed in 

manganese compounds, but not yet under conditions that I am telling you. It 


· will turn out that we could construct, by looking at nearly symmetrical 

crystals, situations where superconductivity and other intrinsic phenomena 


· p1Uld be available at room temperature, which would be of great practical 

,.-.d theoretical interest. 

I am sorry not to be able to be today with you. I am over 90 years old and 
I can no longer walk, but I still barely can talk. Therefore, greetings and 
pxlluck. 


