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Abstract. The relative stability of isomers for a scries ofCgX, fullerenes with different simple and

coordination addends is studied theoretically. Isomers can differ in the relative position ofaddends

on the surface of fullerenes. The conclusions on the stability of regioisomers arc based on the

calculated values of total energy. It is shown that there arc two main contributions into the total

energy. These are the electronic cnergy and the energy of the reconstruction of the carbon cluster

due to the modification of fullerenes. The experimental data on the structure of fullercnes with

simple monoatomic addends and for compounds like [(R3P),M],(C¢g) with transition metals arc

trcated. The experimcntally dctected 6-6 addition of addends т the compounds [(t-

BuCsH4N),oso4)(Cgp), [CgH4(CH,),ICq,. and [(R3P);MI(Cgp) (M=Pt, Pd, Ni) is justificd in

terms оГ е electron-conformational picture. The NMR 4аа on the regioisomers оЁ

[OsO4(py)»>Ceo] are treated.

Key words: fullerenes, isomcrism,electron-conformational interaction.

.INTRODUCTION

After the discovering of the fullerene and the developing of efficient

methods for its synthesis, the interest of researchers has shifted to the

preparing of fullerene derivatives and the investigating of their properties.
The products of gradual additions of hydrogen, halogens, oxygen, organic
radicals, and complexes of transition metals [(К4Р)»М]„(П —Св), where

M=Pt,Pd,lr, and I<n<6, have been obtained ["l l]. For such

fullerene derivatives a wide range of isomers is possible. These isomers

differ in the position of the attached groups and, therefore, in energy. Thus,
the theoretical study of the relative stability of regioisomers of the

fullerene derivatives X„C6g with various groups X is rather a pressing
problem for fullerene chemistry. -
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As is evident from the currently available structural data [3"7]‚ the

position of addends on the Cg surface is independent of the nature of the

groups X. This allows one to believe that the regioisomerism of such

systems is mainly determined by interactions within the carbon cluster
and, to a less degree, by the properties of coordinated species.

METHOD OF CALCULATION

Let us examine, using the perturbation theory, the relative stability of

the isomers formed by the molecules CgpX,, taking the starting fullerene

Ceo in its equilibrium geometry Qg as the zeroth approximation. The

Hamiltonian of the chemically modified molecules can then obviously be

represented as

¥, (9, Q) = Hy(q,Qp) +3Hs(q, Q) +V(q,Q), (D

V@o =T20, -- )
Q,

V

Неге X, is the Hamiltonian of the starting molecule; H denotes the

"substitution operator" 12 13], describing the perturbation due to the

chemical modification of the molecule C6g in the starting geometry Og;
V(q,Q) is the well-known operator of the electronic-vibrational

interaction. By using е зесопсі—ог‹іс}г perturbation theory and
Hamiltonian (1, 2) both the geometry (О) of the chemically modified

system and its energy (Es) canbe obtained [l2’ 13]:
V

2 S]AjOE (3)
v j

J

$ 12
Eg =By~ 3.0-23K,@) @

j ! V

Here K,, AY, and ®. are force constants, linear vibronic coupling
constants, — add elecfronic excitation energies, respectively;

Sj = (‘POI He I“Pj) are the matrix elements of the substitution operator.
There are two' contributions of different character to the total energy Es

of the chemically modified system. The first and the second terms

determine the total energy change due to a chemical modification of the

starting system without its geometry variation. The third term determines

the total energy change due to the geometry reconstruction []2’ 13]. These

equations have been used previously in the analysis of the structure and
the cis-trans isomerism of mixed-ligand coordination compounds [>› 13,
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The immediate application of the equations to the isomerism problems
of fullerene derivatives is aggravated by the large number of modes and

electronic excitations in the starting Cg system. However, in this case it is
also reasonable to calculate two contributions to the total energy of the
modified system: the electronic energy for the starting interatomic

distances and the variation of energy due to the geometry reconstruction.
The fullerene is a conjugated system. Therefore, we have calculated the

influence of 7 electron factors on the stability of regioisomers, using the

simple Huckel method ['*], which has proved to be efficient for predicting
the stability and the properties of the fullerene itself [l°-17]. According to

this method, the introducing of the addends X decreases the dimensions of
a conjugated system and changes the number of x electrons in it. The total
m electron energy of a chemically modified but not reconstructed

system is calculated as the sum of one-electron energies.
There are two kinds of C-C bonds in the fullerene molecule. The bonds

lying on the frontiers of the two hexagons (6-6 bonds) are shorter than in

benzene. These are formally double bonds [!*]. The C-C bonds lying on the

frontier of the pentagon and hexagon (65 bonds) are longer than in benzene.

These are formally single bonds [!4]. Thus, lßn (6-6) | >| B, (C6H6)| and

lßn (6-s)| <| B, (CõHõ)l' It is known from thermochemistry that

Bn(C6H6) = -84 kJ/mol [ 4]. Using е Streitwieser method ['4], we

assumed that ßn is 10% less for formally double C—C bonds and 10%

larger for formally single C-C bonds than the magnitude of [3lt for

benzene {B„(6—6)=-—92.4 and B_(6-s)=-—75.6 kJ/mol}. The origin of

the energy was adopted so that o = 0.

The fullerene is a strained system. In order to take into account the

energy of the geomeušy reconstruction (steric interaction), we used
molecular mechanics [!]. According to this method, the energy of the

steric interactions E,,, is the sum of the distortion energies of bonds and

angles including torsion and van der Waals interactions. The values of the

corresponding parameters are presented in Ы

RESULTS

The regioisomer with two addends in the orftho position on a 6-6 bond

(ortho-6,6-X2C6o) is the most stable (Table). The next in stability,
para-6,6-X2Ce6o, is less stable by 26 kJ/mol. As is evident from the Table,
steric and electron factors are favourable for stabilizing different isomers.

Steric factors conduce to the most distant disposition of addends from each

other, and electron factors favour the ortho-6,6 position. As the

numerical values show, the contribution of steric interaction energy to the

stabilizing of the main isomer is less than that from electron interaction.
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Experimentaldata [!]] show that the predicted ortho-6,6 and para-6,6
isomers are formed in H»Cey and H(t-Bu)Ceo, the concentrations of

ortho-6,6 isomers being larger. In [(t-Bu-CsH4N),OsO4IC6O, studied by
X-ray methods [B], the osmium complex is connected with the carbon

cluster through two oxygen atoms. These atoms are added to a 6-6 bond,
i.e. only the regioisomer most stable according to the theory occurs. It

should be noted that the interatomic distance O-O (about 2.4 A) in the

osmium complex is much larger than is the 66 bond length. From merely
steric considerations, the addition should be accomplished in the meta

position of the hexagon or the pentagon (the C—C distance 15 just 2.4 A).
For this reason, the experimentally observed addition of the Ph,C group to

е shortest 6-6 bond of the fullerene with the formation of the ortho-6,6
regioisomer (PhyC)Cgq can be explained ba' electron factors only [']. On

the basis of NMR spectroscopic data [7], the ortho-guinodimethane
o-(CH»,)»C6H4 is added to the fullerene 6—6 bond, which gives the adduct

[CSH4(CH7)2IC6O. For the bidentate oxygen atom with a forced ortho

coordination in the oCg6g cluster, two isomers, ortho-6,6 and ortho-6,5, are

possible, the ortho-6,6 isomer being theoretically more stable of the two.

This is the isomer that has been observed experimentally [6]. This ortho

* The energy of steric interactions for fullerene derivatives with X = F and exo configuration of
C-X bonds.

*_ster el ster

Ceo ~7688.5 2118.4 -5570.1

XCso --7456.8 2020.2 —5436.6

ortho-6,6-X,Cso -1361.0 — 19674 —5393.6

ortho-6,5-X2Cco 72973 1960.1 -5337.2

meta-6,6-X»Cso -1235.4 1925.8 —5309.6

meta-6,5-X»Cso -1232.2 1930.2 -5302.0

para-6,6-X,Ceg -1290.2 1922.3 -5367.9

©-X,Ceo —7238.5 1922.0 -5316.5

(2X)Ceo

ia -7073.5 1871.2 -5202.3

ib ~7027.1 1825.9 -5201.2

ic -7028.2 1821.8 -5206.4

а -7034.2 1818.6 -5215.6

if -7033.4 1815.4 -5218.0

ie -7033.0 1814.6 -5218.4

ig -7033.1 1816.1 -5217.0 *

й —7033.2 1816.4 -5216.8

Totalenergy (kJ/mol) of fullerene derivatives
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isomer has also been _detected in the compounds [(R3P)2M]—n2—C6O
(where M = Pt and Pd [7])‚ in which two carbon atoms are coordinated by
transition metals.

We will now discuss the relative stability of regioisomers of
disubstituted complexes of the [OsO4(py)2l2C6o type. Five regioisomers
of this complex were detected by the NMR method in [3]‚ but it failed to

establish their structure. To assign the structure of the most stable

regioisomers, we calculated the total energy of various isomers with the
ortho attachment of two bidentate substituents in the 6-6 and 6-5

positions. As the calculations show, the 6,5-6,6 regioisomers are more

stable than the 6,5-6,5 isomers by 26 to 72 kJ/mol. The 6,6-6,6 isomers
are more stable than the 6,6-6,5 isomers by 58.5 to 97.6 kJ/mol. Thus,
similar to the former complex, the addition of the second complex must

occur at the 6,6-bond. According to geometric considerations, up to eight
6,6-6,6 regioisomers can exist. It is convenient to use the following
structural formula for their designation:

Five isomers — id, if, ie, ig, and ih, have an equal total energy with the

accuracy of +1.5 kJ/mol. Relative to these, the isomers ia, ic, and ib are

destabilized by 10-15 кУто!. Непсе, е Пуе isomers observed in

experiment [3] are id, if, ie, ig, and ih, which have practically equal
energy.

The signals of three isomers have been detected by the NMR method in

solutions of the complex [(Et;P),Pt],Cgq [7]. One of the isomers is ih, but

the structure of the other ones has not yet been determined uniquely. A

preliminary assignment of the spectra indicates that two other isomers are

ic, ie, if, or ig [7]. In this series, the ic and id isomers are less stable (see the

Table). _

According to X-ray data [7]‚ the compound Cgg[lr(CO)Cl(PMe,Ph),],
has the ih structure in the solid state. The addition product of two ortho-

quinodimethane molecules to the fullerene Cgy[(CH,),CgHyly has the

same structure [9].
To sum up, the energetics of the fullerene derivatives depends

primarily on the electron-vibrational interactions within carbon clusters.

The isomerism of fullerene derivatives is determined by the joint action of
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two factors: the 7t electron and steric interactions. Analogous results have

been obtained for the derivatives of C79 1.
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ADUKTIDE REGIOISOMEERIDE STABIILSUS

C6OXx-KOOSTISEGA FULLEREENIDES

Pavel DJATSKOV, Natalja BRESLAVSKAIJA, Jevgeni IPPOLITOV

Teoreetiliselt on uuritud isomeeride suhtelist stabiilsust fullereenide

CeoXy reas erinevate lihtsate ja koordinatsioonlisandite puhul. Isomeerid

võivad erineda lisandite suhtelise positsiooni poolest fullereenide pinnal.
Jareldused regioisomeeride stabiilsuse kohta pohinevad arvutatud kogu-
energia vddrtusel. Eksisteerib kaks pohilist panust koguenergiasse:
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elektronenergia ja süsinikklastri rekonstruktsioonienergia fullereeni modi-

fitseerumisel. On käsitletud eksperimentaalandmeid lihtsate monoaatomi-

liste lisanditega ja siirdemetalle sisaldavate iihenditega [(R3P),M],(Cgp)
fullereenide struktuuri kohta.

СТАБИЛЬНОСТЬ РЕГИОИЗОМЕРОВ АДДУКТОВ В

ФУЛЛЕРЕНАХ С СвоХ,-СОСТАВОМ

Павел ДЬЯЧКОВ, Наталья БРЕСЛАВСКАЯ, ЁЕвгений

ИППОЛИТОВ

Теоретически исследована относительная стабильность изомеров
в серии фуллеренов СвоХ, с различными простыми и координа-
ционными примесями. Изомеры могут различаться относительной

позицией примесей на поверхности фуллеренов. Выводы о стабиль-

ности региоизомеров основаны на рассчитанных значениях полной

энергии. Существуют два основных вклада в полную энергию:

электронная энергия и энергия реконструкции углеродного кластера

при модификации фуллерена. Обработаны экспериментальные
данные по структуре фуллеренов, содержащих простые одноатомные

примеси, а также соединения [(R3P);M](Cgp) с переходными
металлами.
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	Fig. 8. Structure of a ferromagnetic cluster in a CuO, layer.

	ORIGIN OF GAP ANISOTROPY AND PHONON RENORMALIZATION
	Fig. 1. Gap function at T' = 0 for Eg. (3) with W = —0.19, V 2 = —0.34, 4’ = —2.22. Energies are in meV. Equipotentials are shown in the (k,, ky) plane.
	Fig. 2. Gap function at T' = 0 for Eg. (3) with V; = —0.29, V 2 = —0.52, w = —1.35. Energies are in meV.
	Fig. 3. Gap function at T' = 0 for Eq. (13) with V. = —0.46, w = —1.35 and « = 0.3. Energies are in meV.
	Fig. 4. Gap function at T' = 0 for Eq. (13) with V. = —0.29, u’ = —2.22 and x = 0.3. Energies are in meV.
	Fig. 5. Real part of dw,o at T = O for an isotropic s-wave (solid line), an anisotropic s-wave (dashed line), and the anisotropic d-wave (short-dashed line) case. The respective parameters are (@) Vo = —0.248, Vi = 0, (b) Vo = V) = —0.15 with u' ~ —2.22,and (c) Vo = 0, V| = —0.299 with 4’ = —1.35. Amaux = 17.6meV in each case.
	Fig. 6. The imaginary part of Šww at T = 0 corresponding to the three situations of Fig. 5

	TWO-BAND ELECTRON-PHONON INTERACTION IN FULLERENE IN THE BOND-CHARGE MODEL
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	Fig. 1. The stretching vibrational frequencies (cxpressed in wavenumbers; A) and the electronic levels (C) of Ce calculated with a four-parameter stretching BCM and a four-parameter LCMO tight-binding model, respectively. The present approximated levels are compared with the vibrational levels calculated by Onida and Benedck (B; ['°]) апа Ше п ¢clectronic levels by Troullicr and Martins (D; ['2]), respectively. Note that there are 90 stretching vibrational modes (A) as compared 10 the 180 modes of the whole spectrum (B; here 37 modes below 496 cm™' arc not shown). л

	DYNAMICS OF PHASE SEPARATION IN La2CuO4+, PROBED BY MAGNETIC SUSCEPTIBILITY EXPERIMENTS
	Fig. 1. Magnetization of an ’as-prepared’ La2Cu044.5 samplc as a function of temperature. The starting temperatures T, to which the sample was quenched from room temperature are indicated. The uppermost curve was obtained after quenching the sample to 5K and slowly heating it to room temperature. Beginning from the lowest data sct cach curve was shifted upwards by a valuc of 5х 1077 ети в' сотрагей 10 Шс preceding onc. The measuring field was 90 G, the arrows indicatc the direction of the temperature change during the measurcment.
	Fig. 2. Dependence of the diamagnetic signal of an ’as-preparcd’ La2CuO44s sample ( z 0.01) on the temperature 7., at which the sample was cquilibrated aficr having been quenched from room temperature to T.,. The diamagnetic signal was probed at the indicated temperatures, 7'y . Equilibration time intervals (i.e. the period for which the sample was held at T.,), At, at 7., were 10 min (a) and 1 h (b).
	Fig. 3. Recovery of magnetization at TmMm=sK of a La2CuO44s ( z 0.04) sample probed in an isochronal annealing experiment at Tan = 170 K and 220 K. Magnetization (e) was measured at 100 G. The full line is a fit with an exponential law with the time constants 7(170 K)=37oos and 7(220K)=1805.
	Fig. 4. The time constants 7(7an) as a function of the anncaling temperature at which the samples were repeatedly annealed as derived from the isochronal anncaling experiments (cf. cxamples in Fig. 3). Differcnt symbols rcfer to different samples: x, B ’as – prepared’ (6 = 0.01); o loaded with cxcess oxygen at 600 °C in a 700 bar oxygen atmosphere 6 = 0.04.
	Fig. 5. The difference AM of the diamagnetic signals measured at Ty = 5 K after equilibration at T.q for 1 h and 10min, i.e. the difference of the lowermost curves of Fig.2 (M(At = 1h- At = 10 min, T,4). The solid line is a fit with the difference of two exponentials as described in the text.

	MAGNETIC EXCITATIONS IN LOW-DOPED CuO2 LAYERS
	Fig. 1. A schematic sketch of the smallest magnetic polaron formed in the AF-ordered CuO; planc via doping with an additional hole. The arrows indicate the main direction of spins only.
	Fig. 2. The measured magnetic susceptibility xg versus temperature for various doping concentrations according to [7].
	Fig. 3. Localized dispersionless states that split up from the AF magnon band (hatched region) for an external magnetic field of Ho/Jo = 0.01 and an anisotropic field H 4/Jy = 0.3. The figure is drawn about different values of the magnetic impurity exchange coupling, Js. The relevant part is the region for Js/Jy > 1.5 (see the text).
	Fig. 4. The calculated magnetic susceptibility for the uperturbed AF as a usual quadratic increase towards the Neel temperature. The perturbed part (dotted line) is the average of nine lattice sites around perturbation.
	Fig. 5. Total calculated magnetic susceptibility for different doping concentrations. Notc that with the exceplion of some temperalure-independent background susceptibility the exact lineshape of the cxperimental data (sce Fig. 2) was obtained.

	POLARONS IN THE TWO-DIMENSIONAL HOLSTEIN-t-J MODEL
	Fig. 1. The lowest energy E of bound hole-magnon-phonon states (solid lines, left scale) and the number of escorting phonons N, (dashed lines, right scale) for k =k, (e) and k= 0 (D). J//t = 0.3, O/t = 0.15. The hole—phonon continuum edge is shown by the dotted linc.
	Fig. 2. Coexistence of self-trapped (O) and free-hole states (o) for J/t=o.l and Q/1=0.15.
	Fig. 3. Dependence of the ground-state energy E on S for different values of J/t.

	DIFFERENCES BETWEEN ONE- AND MULTIBAND HUBBARD MODELS
	Fig. 1. a) Stabilization process for a spin fluctuation in a single-band quantum antiferromagnet. b) Walk on a square when no fluctuation is initially present.
	Fig. 2. Hopping process of a spin cluster. The first action of (32) on state (1) restores as an intermediate step the AF order which has a k boson with the hole. The second action ends up with state (3) where the cluster has been shifted by two sites compared with (1).

	RENORMALIZATION OF ELEMENTARY EXCITATIONS OF THE t-J MODEL WITH DOPING
	Fig. 1. The hole spectral function A(kw). Curves 1 to 3 correspond to z = 0.005, 0.058, and 0.252 (u = —2.6, —2.4, and —1.7, respectively); k = (0,7), J = 0.2, n = 0.015. The dotted lines indicate the zero levels of the spectral function, the scale is arbitrary.
	Fig. 2. Energy bands at z = 0.252. The horizontal dotted line shows the position of the chemical potential.
	Fig. 3. The magnon spectral function B(kw). k = (0, 7/10); curves 1 to 4 correspondto z = 0.01, 0.022, 0.045 (u = —2.52, —2.47, —2.45), and 0.252, respectively.
	Fig. 4. The hole density of states. Curves 1 to 4 correspondto z = 0.005, 0.045, 0.11 (д = —2.25), and 0.252, respectively. The dotted lines indicate the zero levels. The arrows show the positions of the chemical potential.

	EFFECTS OF VIBRONIC COUPLING IN LOW-DIMENSIONAL SYSTEMS
	Fig. 1. Calculated transition energies (shown by continuous curves) of the Isg [(0, 0, 0)] to the (3, 1,0) and (4, 1,0) metastable states including the full effects of polaron interaction and band nonparabolicity for the complete field range are shown. The resonant polaron effect is clearly seen to lead to avoided crossings of the (3, 1,0) and (4, 1,0) metastable states with the states I‘l’l s q) , and |‘l‘2p ,q) . The experimental points are shown by A. The calculated transition energies excluding the polaron effect are also shown (by dashed curves).
	Fig. 2. The calculated polaron correction for the Is, 2p,, and 2p_ energy levels at selected values of the magnetic field for a GaAs/GaAlAs MQW in the nonresonant region in which both the wells and barriers have a width of 150 A.

	ТНЕ Н h2 JAHN-TELLER EFFECT IN ICOSAHEDRAL SYMMETRY
	MULTIMODE JAHN-TELLER EFFECTS IN STRONGLY-COUPLED VIBRONIC SYSTEMS
	Fig. 1. Energies relative to the T, ground state for n =O.l and @, = @, = 0 with the key: T 1 = solid lines, T 7 = short dashes, E states and their accidentally chenerate T 1 states = medium dash, A 9 = long dash.
	Fig. 2. Energies as in Fig. 1 but with n =0.6.
	Fig. 3. Energies as in Fig. 1 but with n =0.9.
	Fig. 4. Energies asin Fig. 1 but with n = 0.6, o =0 and o, = 0.8 о.

	HAWKING PROCESS IN A VIBRONIC SYSTEM: RELAXATION OF STRONG VIBRATION
	QUANTUM EMISSION CAUSED BY OPTICAL NUTATION
	ON A CLASS OF SQUEEZED EXCITED STATES IN EXCITON-PHONON AND JAHN-TELLER SYSTEMS (’EXOTIC STATES’)
	Fig. 1. Eigenfunctions of FG equation (5) for p=-1, D= 15, T=so. All functions below n = 54 display an odd number of nodes, whereas the eigenfunctions n = 54 and n = 57 display an cven number of nodes. For p = +1 the situation is reversed.
	Fig. 2. Contrast in the functional forms of the lowest conventional state (dashed line) and the lowest nonconventional state (’exotic’, solid line), represented by optimized trial wave function (10), which practically coincides with the numerically exact result. Parameter set: p =-1, D = 15, T = 50.
	Fig. 3. Energy uncertainty of variational ansatz (10), the approximate wave function deduced by the Fröhlich-type transformation and adiabatic wave function (15) for p = —l. Solid line: T= 15, dashed line: T= 50.
	Fig. 4. Adiabatic potentials Vfd (@) and v:" (Q) (see Eg. (22)) for fixed transfer T= 50 апа фе coupling constants D = 0 (long dashes), D = 10 (short dashes), D = 20 (solid line). For finite D the upper adiabatic potential approximately corresponds to a squeezed parabola and its squeezed eigenstates are connected with nonconventional states.
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	Fig. 1. The structure of a KDP crystal.
	Fig. 2. The oxygen 6 AOs participating in the A-O bonds (a) and 6 MOs scheme for the AO, tetrahedron (b).
	Fig. 3. The layer structure in the H,SQ crystal (low-temperature phase)
	Fig. 1. Shift of layers such that h stacking is converted into hc stacking. This shift belongs to a wave at the A point (q = 0,0,7/c) with respect to the h lattice.
	Fig. 2. The cooperative Jahn-Teller ordering in CsCußr3. Also the superexchange path of -Cu(b)- Cu(4)-Cl(a)-Cu(3)-C1(b)-Cu(1)-Cl(a)-Cu(2)- with successively acute and almost straight angles is shown.
	Fig. 1. The parent hexagonal perovskite lattice.
	Fig. 2. The exchange spectrum of the CsMg,_,Cu,Cl3 crystal for T=4.2 K, Vl =9.3 GHz. The orientation of B is close to Cs.
	Fig. 3. The low-field (a) and high-field (b) parts of the exchange spectrum of the CsMg,_,Cu,Cl, crystal for T=42K, v, = 37.2 GHz. The orientation of Bis arbitrary.
	Fig. 4. Projections of two face-sharing octahedra (common face is shown by a broken line) on the ab plane. All possible variants of the orientations of long axes in two octahedra are shown. When going from the first octahedron to the second one, the orientation of the long bond is rotated by 60° clockwise (a) and anti-clockwise (b).
	Fig. 1. Dependences of the extremum energies of the adiabatic potential for a defect with one trapped electron in the initial t, state оп the yammcte f nonlinear elastic forces = k /40b", n = 05. 1, W; 2, W; 3, Wš„'p .4, wäz„)o.
	Fig. 2. The same as in Fig. 1, for two electrons in the initial t, state. The vertical line corresponds to t=o.3.
	Fig. 3. The same as in Figs. 1 and 2, for three electrons in the initial t, state
	Absorption spectrum, T=lOK. SrF,:Ag*, plate of 2,2 mm thickness. Spectral decomposition into elementary gaussian bands (---- experimental, — fitted spectrum). Insert: absorption spectrum of a SrF,:Ag* plate (3.2 mm) at T =3OO, 90 K.
	Fig. 1. Spectra of photoluminescence related to Ga vacancy-donor complexes in GaAs:Te (/), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). T=2 K.
	Fig. 2. Spectral dependences of the polarization ratio in the 1.18 eV-band of photoluminescence under uniaxial pressure for GaAs:Te (/), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). Т= 2 К. a, Pl [loo] ;5, Pl [lll] .P: la, 2a, 3a, 4a, 4b -8 kbar; Ib, 2b, 3b — 10 kbar.
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	Fig. 3. Dependences of the polarization ratio at iw = 1.18 eV on the applicd pressure for GaAs:Te (1), GaAs:S (2), GaAs:Sn (3) and GaAs:Si (4). a,c, P Il [loo] ; 6.4, Pl [lll] . T(K): a, b, 2; с, а, 77.
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	Fig. 4. Calculated dependences of the integrated polarization ratio on the applied pressure for VGaDas (@, b) and Vg,Dg, (. d). а, с, Р || B[loo] ‚Б а, Р|| [lll] . Т(К): / -6, 2 – 77. Values of parameters: deformation potential constants: B = —O.B ¢V, D = —2 eV; spin-orbit splitting: 150 meV; splitting of initial p state due to fixed distortion: -38 meV for Vg,Das, —23 meV for VGaDga; splitting of initial p state due to reorienting distortion: 150 meV.
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	Fig. 5. Characteristic orientations of a Vg,Dg, complex under the external pressure, directed along the [lll] axis (a, &) and the calculated changes in the energies (E) of the emitting state for different complex configurations (c, d). The arrows 14 identify the directions of the reorientable distortion, related to adiabatic potential minima 1-4, shown schematically in 5¢ and 54 for P=o and P = 10 kbar. For the calculation of E(P) for a V,Dg, complex the values of complex parameters of Fig. 4 have been used.
	Fig. 6. Dependences of the polarization ratio at #® = (.95 ¢V on the applicd pressure for GaAs:Te (1), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). a,c, P || [loo] ; 6.4, Pl [lll] . T(K): a 5, 2; c, d, 17.
	Fig. 1. Unpolarized first-order resonant Raman spectrum of KI:MnO, at 5 K excited at &. = 2.4093 eV, showing intramolecular and localized vibrations. The weak structures at 32.5, 99.9, and 120.8 meV (not labelled) are due to higher-order scattering processes (2vloc, 2vs, Vi + Vioc).
	Fig. 2. Time dependence of the vy Raman scattering intensity at different temperatures. The excitation photon energy £, = 2.4093 eV. The cxcitation power was 20 mW before and after bleaching and 400 mW during bleaching. All intensities are normalized to the incident lascr power (see the text).
	Fig. 3. Time dependence of the vi Raman scattering intensity at different bleaching powers. 7° = 50 K. The intensities are normalized to the incident power which was 20 mW before and after bleaching and otherwise as indicated.
	Fig. 4. Optical absorption of KI:MnO; around the zero-vibrational transition N = 0 at 50 K before (a) and after (b) bleaching together with the differences curve (c). The sample thickness is 2.5 mm. The bleaching was accomplished at 7 = 50 K with 300 mW from a dye laser (Er, = 2.040 eV), the absorption was measured with 0.3 mW. The inset shows the 'A; — 'T, absorption band of KI:MnO7 at 5 К over a larger spectral range.
	Fig. 1. Orientations of the Z-axes of {g} tensor (at low temperature)
	Fig. 2. Experimental spectra of CsMgCl3:Cu2*.
	Fig. 3. Dependences of simulated spectra (SLE model) on the frequency of random jumps v (Hz) : a, 107; b, 108; c, 10%2; a, 1084; e, 1085; f, 1088; g. 10%; A, 10'9; ;, 101
	Fig. 4. Dependences of two low-ficld hyperfine lines on 31°/A valuce
	Fig. 1. Concentration dependence of LaSrAl,_,Cu,O4 lattice constants.
	Fig. 2. EPR spectrum of LaSrAlgggNig 1004, T=293 K, v=35.6 GHz: a, experimental spectrum; b, simulated spectrum.
	Fig. 3. EPR spectrum of LaSrAlo 9gNig.0204, v =9.32 GHz. a, b, experimental spectra at T=2so K and T=7o K, respectively; c, d, the corresponding simulated spectra.
	Fig. 4. Adiabatic potential of NiOg complexes in the case of a tetragonally extended octahedron for the following values of lz“el/ (2B) : a, 5.5; b, 7.5; c, 12.5.
	Fig. 5. EPR spectra of LaSrAl,_,Cu,O4, T=293K; v =35.14 GHz. a, x=0.02; b, х = 0.10.
	Fig. 6. EPR spectra of LaSrAlg.99oCuo. 1004 v =9.48 GHz. Solid lines — experimental; dashed lines ---- theoretical. a, T=293 K, Kı =0.40; b, T=3OK, K;=0.39; c, T=4.2 K, Kır = 0.09.
	Fig. 7. Adiabatic potential of CuOg complexes in the cases of (a) a tetragonally extended octahedron, (b) an octahedron deformed by the hole delocalized on four-plane oxygen ions, and (c) distortions of the complex at the corresponding minima of the adiabatic potential.
	Fig. 8. Structure of a ferromagnetic cluster in a CuO, layer.
	Fig. 1. Gap function at T' = 0 for Eg. (3) with W = —0.19, V 2 = —0.34, 4’ = —2.22. Energies are in meV. Equipotentials are shown in the (k,, ky) plane.
	Fig. 2. Gap function at T' = 0 for Eg. (3) with V; = —0.29, V 2 = —0.52, w = —1.35. Energies are in meV.
	Fig. 3. Gap function at T' = 0 for Eq. (13) with V. = —0.46, w = —1.35 and « = 0.3. Energies are in meV.
	Fig. 4. Gap function at T' = 0 for Eq. (13) with V. = —0.29, u’ = —2.22 and x = 0.3. Energies are in meV.
	Fig. 5. Real part of dw,o at T = O for an isotropic s-wave (solid line), an anisotropic s-wave (dashed line), and the anisotropic d-wave (short-dashed line) case. The respective parameters are (@) Vo = —0.248, Vi = 0, (b) Vo = V) = —0.15 with u' ~ —2.22,and (c) Vo = 0, V| = —0.299 with 4’ = —1.35. Amaux = 17.6meV in each case.
	Fig. 6. The imaginary part of Šww at T = 0 corresponding to the three situations of Fig. 5
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	Fig. 1. The stretching vibrational frequencies (cxpressed in wavenumbers; A) and the electronic levels (C) of Ce calculated with a four-parameter stretching BCM and a four-parameter LCMO tight-binding model, respectively. The present approximated levels are compared with the vibrational levels calculated by Onida and Benedck (B; ['°]) апа Ше п ¢clectronic levels by Troullicr and Martins (D; ['2]), respectively. Note that there are 90 stretching vibrational modes (A) as compared 10 the 180 modes of the whole spectrum (B; here 37 modes below 496 cm™' arc not shown). л
	Fig. 1. Magnetization of an ’as-prepared’ La2Cu044.5 samplc as a function of temperature. The starting temperatures T, to which the sample was quenched from room temperature are indicated. The uppermost curve was obtained after quenching the sample to 5K and slowly heating it to room temperature. Beginning from the lowest data sct cach curve was shifted upwards by a valuc of 5х 1077 ети в' сотрагей 10 Шс preceding onc. The measuring field was 90 G, the arrows indicatc the direction of the temperature change during the measurcment.
	Fig. 2. Dependence of the diamagnetic signal of an ’as-preparcd’ La2CuO44s sample ( z 0.01) on the temperature 7., at which the sample was cquilibrated aficr having been quenched from room temperature to T.,. The diamagnetic signal was probed at the indicated temperatures, 7'y . Equilibration time intervals (i.e. the period for which the sample was held at T.,), At, at 7., were 10 min (a) and 1 h (b).
	Fig. 3. Recovery of magnetization at TmMm=sK of a La2CuO44s ( z 0.04) sample probed in an isochronal annealing experiment at Tan = 170 K and 220 K. Magnetization (e) was measured at 100 G. The full line is a fit with an exponential law with the time constants 7(170 K)=37oos and 7(220K)=1805.
	Fig. 4. The time constants 7(7an) as a function of the anncaling temperature at which the samples were repeatedly annealed as derived from the isochronal anncaling experiments (cf. cxamples in Fig. 3). Differcnt symbols rcfer to different samples: x, B ’as – prepared’ (6 = 0.01); o loaded with cxcess oxygen at 600 °C in a 700 bar oxygen atmosphere 6 = 0.04.
	Fig. 5. The difference AM of the diamagnetic signals measured at Ty = 5 K after equilibration at T.q for 1 h and 10min, i.e. the difference of the lowermost curves of Fig.2 (M(At = 1h- At = 10 min, T,4). The solid line is a fit with the difference of two exponentials as described in the text.
	Fig. 1. A schematic sketch of the smallest magnetic polaron formed in the AF-ordered CuO; planc via doping with an additional hole. The arrows indicate the main direction of spins only.
	Fig. 2. The measured magnetic susceptibility xg versus temperature for various doping concentrations according to [7].
	Fig. 3. Localized dispersionless states that split up from the AF magnon band (hatched region) for an external magnetic field of Ho/Jo = 0.01 and an anisotropic field H 4/Jy = 0.3. The figure is drawn about different values of the magnetic impurity exchange coupling, Js. The relevant part is the region for Js/Jy > 1.5 (see the text).
	Fig. 4. The calculated magnetic susceptibility for the uperturbed AF as a usual quadratic increase towards the Neel temperature. The perturbed part (dotted line) is the average of nine lattice sites around perturbation.
	Fig. 5. Total calculated magnetic susceptibility for different doping concentrations. Notc that with the exceplion of some temperalure-independent background susceptibility the exact lineshape of the cxperimental data (sce Fig. 2) was obtained.
	Fig. 1. The lowest energy E of bound hole-magnon-phonon states (solid lines, left scale) and the number of escorting phonons N, (dashed lines, right scale) for k =k, (e) and k= 0 (D). J//t = 0.3, O/t = 0.15. The hole—phonon continuum edge is shown by the dotted linc.
	Fig. 2. Coexistence of self-trapped (O) and free-hole states (o) for J/t=o.l and Q/1=0.15.
	Fig. 3. Dependence of the ground-state energy E on S for different values of J/t.
	Fig. 1. a) Stabilization process for a spin fluctuation in a single-band quantum antiferromagnet. b) Walk on a square when no fluctuation is initially present.
	Fig. 2. Hopping process of a spin cluster. The first action of (32) on state (1) restores as an intermediate step the AF order which has a k boson with the hole. The second action ends up with state (3) where the cluster has been shifted by two sites compared with (1).
	Fig. 1. The hole spectral function A(kw). Curves 1 to 3 correspond to z = 0.005, 0.058, and 0.252 (u = —2.6, —2.4, and —1.7, respectively); k = (0,7), J = 0.2, n = 0.015. The dotted lines indicate the zero levels of the spectral function, the scale is arbitrary.
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	Fig. 4. The hole density of states. Curves 1 to 4 correspondto z = 0.005, 0.045, 0.11 (д = —2.25), and 0.252, respectively. The dotted lines indicate the zero levels. The arrows show the positions of the chemical potential.
	Fig. 1. Calculated transition energies (shown by continuous curves) of the Isg [(0, 0, 0)] to the (3, 1,0) and (4, 1,0) metastable states including the full effects of polaron interaction and band nonparabolicity for the complete field range are shown. The resonant polaron effect is clearly seen to lead to avoided crossings of the (3, 1,0) and (4, 1,0) metastable states with the states I‘l’l s q) , and |‘l‘2p ,q) . The experimental points are shown by A. The calculated transition energies excluding the polaron effect are also shown (by dashed curves).
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