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Abstract. The EPR investigation of LaSrAl;_Me,o4 (Me=Ni** and Cu?*) solid solutions was

carried out. The subjects of investigation were the energy states of magnetic ions, the symmetry,

strength and dispersion of crystal fields on Me ions and the effect of nonstoichiometry of materials.

A JT nature of NiOg and CuOg centres was proved. Dynamic JT NiOg centres were determined in

the samples containing interstitial oxygen. New-type dynamic centres (CuOg = CuOg + electron

hole localized on four planar oxygens) were discovered. The local and cooperative properties of

La;_,SryAl;_,Cu,oO4 ceramics were discussed.
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INTRODUCTION

Layered oxides of K,;NiF, type (A,BX, or AA’'BX,) have some

interesting peculiarities. They can be obtained by choosing suitable

compositions and sizes of ions in different valence states [']. In such

oxides it is possible to investigate, for example, different Jahn-Teller (JT)
ions in a related situation. Another attractive peculiarity of layered oxides

lies in the existence of diamagnetic compounds (LaSrAlO4, LaSrGaO4)
among them, which are isostructural with some high-T,. superconductors.
This circumstance allows the model investigations of energy states and
states of oxidation of magnetic ions, the symmetry, strength and dispersion
of the crystal fields on these ions in potentially superconducting structures

[7 ). This permits also to study the influence of nonstoichiometry of a

material on its properties .
We have investigated the solid solutions of LaSrAl;_Me0,,where

Me =Ni>* and Cu®*. EPR was used as a main experimental method. The

following aspects are accented:

1. The reaction of 3d’ and 3d° JT ions on the "quantized" or the

distributed deformations of the crystal fields at a B position.

https://doi.org/10.3176/phys.math.1995.2/3.14
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2. JT properties of Ni?* and Cu** ions in layered oxides; the conditions
of their dynamical behaviour.

3. A discussion of the new centres discovered in LaSry_,Cu,O4 []; ап

analysis of the fitness of the suggested centre model (CuO4o, + a hole

localized on four planar oxygens).
4. Local and cooperative properties of a LaSrAl;_MeO, ceramic;

their transformation оп the changes of the composition ю the

La, _BsBro_|sCuO4 one.

EXPERIMENTAL RESULTS

The LaSrAl;_MeO, solid solutions were synthesized by the

decomposition of nitrates. The procedure and conditions of the synthesis
have been described in [3].

Nickel ions enter the matrix in threefold-charged states and they do not

distort the stoichiometry of compounds. We have not observed any
peculiarities connected with the possible presence of №2* jons. The
structure of solid solutions is of a K,NiF, type at various values of x, as it

has been shown by X-ray diffractions. The unit cell parameters a and c

change from 3.763 A and 12.74 A for x=o.oB to 3.82 A and 12.51 A for

x=l.
It has been determined that the same type of structure is realized also

when Al** ions are replaced by copper ions. The X-ray difraction data are

shown in Fig. 1. With the increase of the concentration of copper ions the

lattice constant ¢ increases, while a practically does not change. Two

varieties of the structure are observed at x=l only, but they both belong to

the K,NiF, type.

Fig. 1. Concentration dependence of LaSrAl,_,Cu,O4 lattice constants.



242

EPR spectra were recorded on an ERS-230 rf spectrometer over the

temperature range of 4-300 K at the frequencies v, =9.3 GHz (the X

band) and v, =35.9 GHz (the Qband). |
The data for LaSrAl,_,Ni,O4. Ni?* centres in a low-spin (LS, 3de°dy')
state and in a high-spin (HS, 3de sd'yz) state have been observed [2]. Two

static varieties, (1) and (2), of №3* were found (Fig. 2). A third variety (3) was

also discovered at the temperatures 7'< 145 K (Fig. 3), which was attributed to

a dynamic NiOg centre. The parameters of the spin Hamiltonian,

K=B(H-g-S),

are: g\ = 2.235:
! flf" = 2.043; Ižš;) = 0.28; ЗЁ)ЗГ 2.212;

g'b) = 2.043; (З)К = 0.23;
0

g = 2 .344; 8, = 2.22;

83 =2043K "= 0(.14)9. He?%)K z(lšx): the weight factors in the sum of

sресиа (1), (2), апа (3) (К` +К`° +К = 1). These parameter values

were found through a procedure of the optimization of model spectra.

Fig. 2. EPR spectrum ofLaSrAlgggNig 1004, T=293 K, v=35.6 GHz: a, experimental
spectrum; b, simulated spectrum.

Fig. 3. EPR spectrum ofLaSrAlo 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.



243

These data allow a conclusion that all the three varieties observed arc

the JT ones. By using this term we mean that the deformation valucs of

NiOg, or more exactly, NiO4o, centres, are determined by an inncr, JT

mechanism. The characteristic deformations themselves depend on the
value of perturbing lattice deformations.

Within the frame of such concepts, the observed EPR spectra show

unambiguously that such combination of crystal ficlds and JT
deformations is realized in the samples investigated, which leads to the

adiabatic potential of the NiO4O, complex shown in Fig.&- Here the circle

section of the adiabatic potential surface (Ni3+, de dy , Ея ground
state) at p=const and os@s36o° is shown. Ё, (2В) > 12 Гог
varieties (1) and (2). Here E

tet
is the splitting of the ground doublet by

tetragonal distortions (stretching of the octahedron along the C4-axis) and

(2B) is the energy barrier height between the eguivalent minima in the

absence of deformations. The adiabatic potential is a single valley and the

axial spectrum is observable within the whole temperature interval. For

variety (3) Etet/ (2B) < 12. NiOg complexes are stabilized in adiabatic

potential minima; their configuration is a rhombic one and the EPR spectra
of rhombic symmetry are observable (the situation is analogous to that of a

Си?* па compressed octahedron [6]).

Centres (1) and (2) are formed due to different combinations of LaZ*
and Sr** ions along the Cy-axis (e.g. La-La or La-Sr). The centres of the

third dynamical variety, having the smallest tetragonal distortions, are

attributed to the positions nearest to the interstitial oxygen ions [*] and,
possibly, to the position nearest to the Sr—Sr combination along Cy.

The data for LaSrAl;_,Cu,O4. The typical spectra for the samples with

x=0.02 and x=o.lo are shown in Fig. 5. The three areas of concentrations

may be distinguished by the types of the spectra observable. At small

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.
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concentrations (x < 0.01) only one signal is observable (signal I). Signal I

is observable for all values of x up to x-0.6. This signal is typical of

isolated Cu?* centres and can be described by a spin Hamiltonian of axial

syfmmetry with th(la рагате!ег — уашеs glll = 2.320 + 0.002;

g, = 2.069 +0.003; Ay =( lISO + 1) x 107%cm”! (the hyperfine structure

is resolved at x < 0.10) and A, < 10x 107%cm”'. The intensity of signal I

is a nonmonotonic function of x, going through a maximum at x=0.04. In

the case of an equiprobable distribution of isolated centres, the highest
number of these centres would correspond to x = 0.08.

Signal II is detected beginning from x = 0.02. It consists of a single,
essentially symmetric line with gn=2.123 +0.003. These parameter
values were found through an optimization of model spectra. In the course

of the modelling we also calculated the relative corlxtenlts ‹%{ I and II centres,

Iе. К; апа Кц (К, +Kı =1). The parameters g.,A.,g are essentially
independent ofx and T. The relative content of II centres increases with the

increasing of x.

The temperature dependence of the intensity of signal II is different in

the samples with x £ 0.1 (IIa) and x > 0.1 (IIb). The intensity of signal llb,
like that of signal I, increases with the decreasing of temperature. At

x = 0.4, for example, we have K};(293 K) = 0.61 and Kjj(4.2 K) =0.68.

In other words, these results are the same within the errors of estimates.

Fig. 5. EPR spectra of LaSrAl,_,Cu,O4, T=293K; v =35.14 GHz. a, x=0.02; b,
х = 0.10.
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The intensity of signal Ila falls sharply below 3040 K: at x = 0.10 we

have Kır(>3o K) =0.41 and Kı1(4.2 K) = 0.09 (Fig. 6). Centres Ila are

predominant at x>o.l.

It should be pointed out that a comparison of the total intensity of the
EPR spectra of the test samples with Ni** and Cu?* ions with standard

ones showed that only ~10% of the copper and nickel ions introduced

contribute 10 the observed spectrum in the cases of 0.01 <x<o.l. With

the increasing of x this fraction decreases. No EPR signals are observed in

LaSrNiO,4 and LaSrCuOy,.

DISCUSSION |

The origin of signals (1), (2), апа (3) of low-spin Ni?* jons has been

described in detail in [?*] and partly in the previous chapter. Thus here we

will concentrate our attention to ceramics with Cu(Il). .
The results described suggest the following models for centres I and 11.

The single centres of type I are Cu?* jons which replace AP* ions and

which form CuOg octahedra stretched out along the [ool]-axis. It is

interesting that for these centres the change in lattice constants, within

certain limits, does not result in the changes in the parameters of EPR

spectra:
* There is no essential concentration dependence of g factors, when x

increases and the lattice constants ¢ and ¢ are varied.

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.



246

* There are no ty3pes of centres which are clearly observable in the

system with Ni°* and which could be associated with the change in

the tetragonal component of е crystal field for various

combinations of the La and Sr ions along the [ool]-axis [2'4].
* The parameters of spectra I are the same, within the experimental

errors, as those of the Cu®* centres in the La,,Sri_Ga;_Cu,O,
solid solution [7]. In other words, Cu?* ions do not feel difference

between the crystal fields in matrices with Al and Ga.

A situation of this kind is possible in CuXg complexes with strong
electron-phonon coupling with a slight tetragonal extension, provided that
the tetragonal component of the crystal field does not exceed the guadratic
constant of the electron—phonon interaction (or the anharmonicity constant

of ligand vibrations) by a factor more than 3 [6]. The adiabatic potential of

the complex has then the form shown in Fig. 7a. The distortions at each
minimum of the adiabatic potential are shown in Fig. 7c (here p and ¢ are

normal deformations of the complex in polar coordinates) and they can be

considered as having the same value and character when distortions of the

matrix position do not exceed the values of 0.1 —0.15 A — "the limit of

Jahn-Teller distortions" [6’ B]. As a result, in the main configuration
(¢ =0) the oxygen octahedron is stretched out along the z-axis, and the

change in the tetragonal component of the crystal field leads to a change in

AE alone, having no essential effect on the extent of the distortions of the

complex or the value of g factors. The difference between the copper—-

oxygen distances is ~ 0.85 p. According to [’], the values of p for Cu?*
lie in the interval 0.03 - 0.07 Ä, and tetragonal lattice deformations
— 0.01 Ä cause a change of — 100 cm”' inthe energy interval AE between

the ground and the two excited configurations. According to our estimates,
the average interval in LaSrAl;_,CuO, is AE ~ 800 cm™!, and the

difference between the distances of axial and planar oxygen ions in the

matrix 15 0.08 — 0.16 А. |

CuOg complexes are thus Jahn-Teller complexes. In other words, the
nature of their distortions is determined by internal vibronic forces, and the
lattice perturbations are manifested primarily in the particulars of the

dynamics of these complexes. The conclusion that there is a strong
electron-phonon coupling in LaSrAl,_Me,O, presupposes that they
remain of a vibronic nature 10 the cuprates La, Sr,CuO,4. This
circumstance explains the pronounced stretching of the CuOg octahedron

along the [ool]-axis in these compounds: in La,CuO, the Cu-O distances
are 2 x 2.46 A and 4 x 1.905 A; in La, gsSrg IsCuO, they are 2 x 2.41 A
and 4 x 1.89 A ['9].

Let us consider the nature of type II signals. Trying to understand it, we

had to keep in mind that it is a single signal with a symmetric form. The

corresponding centres arise because of electron defects in the Al;_ Cu O,
layer. The requirement оЁ charge neutrality of the compound
LaSrAl;_,CuO, presupposes that, along with copper ions in the stable
oxidation state of Cu?*, there exist some Cu>* jons, some oxygen O~ ions

and possibly some oxygen vacancies.
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Signal II does not belong to Cu?+ jons. They have $ = 1 in the high-
spin state, but the position of cubic symmetry is absent in LaSrAlO4. This

signal cannot be connected with oxygen vacancies. In this case there

would be some CuOs configuration and a strongly anisotropic EPR

spectrum. What remains is the O” centres. At the same time, one has to

conclude that such vacancy of an electron should be connected by some

way with a Cu?+ jon, as only in such a case the value of g =2.123 would

be understandable. There are no other ions with a sufficiently large value
of a spin—orbit coupling parameter in the matrix under consideration.

We suggest that the electron vacancy on an oxygen ion is not localized

on a single ion but is distributed among four planar oxygens of a CuQOg
octahedron. The appearance of a "hole" localized on four planar oxygens

of a CuOg octahedron leads to a decrease of the tetragonal component of

the crystal field to the point that this component changes its sign. It also

leads to the appearance of spin—spin interaction between unpaired O™ and

Cu?* electrons. In the case of |J] ~ 103 cm”', the possible value of the

exchange in oxides ', signal lla can be observed only if the exchange is

of a ferromagnetic nature. This statement finds strong support in the

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.
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molecular orbital scheme of a CuO4o, complex. The states nearest in

energy to Cusy, i.e. the O, states (the latter have mainly a 3d metal orbital

character), are ay () or by,(7) nonbonding energy states of oxygens.
They are formed by the linear combination of inplane or out-of-plane p

orbitals of four oxygens. The corresponding unpaired electron situated on

thtžm vnžill interact with Cu“* unpaired electron occupying the orbital of

К - у ) symmetry, only ferromagnetically indeed. We consider the

magnetic centre CuOg with § =1 as an experimental fact.

In the case of such centre the crystal field on the Cu?* jon retains its

axial symmetry and Jahn-Teller nature. The adiabatic potential takes the

form shown in Fig. 7b (the d-wave contributions of the function of the
2 2 2 2 2 2

electron ground state are «<|x -y ), «]ly -z ) or «Iz —x) ). Because

оЁ deformations in remote coordination spheres, the value of AE may vary

over the interval ~ +(SO — 100 cm™), smearing out the picture in Fig. 7b

and causing a lowering of one or two minima of the adiabatic potential. At

low temperatures the complex is stabilized in one of the minima; this

stabilization corresponds to a stretching of the octahedron along one of the

<loo>-axes. Two stable positions for an 0% ion arise along each axis of

the Cu-O bond in the Al;_Cu,O, plane, which are displaced by 0.2-
0.4 A) with respect to the centre. In this case the EPR spectrum has large
anisotropy and cannot be detected in powder samples. As the temperature

rises, the complex migrates between the minima of the adiabatic potential.
At a jump frequency v>D/h, AgBA/h, a dynamic signal of type lla

appears in the spectrum. The appearance of this signal implies a change in

the wave function of the CuOg ground state and a change in the nature of

the motion of the oxygen. While this motion at low temperatures consists

of abrupt transitions between stable positions of frequencies ~ 107 Hz,

above a certain temperature the system is delocalized between these

positions.

Signals of type llb (0.1 < x < 0.8), whose intensity increases all the way
to the temperature of 4.2 K, are of exchange origin. They arise from an

exchange narrowing of the spectra: 1) of the single centre of type Ila, in

which the Jahn-Teller dynamics is suppressed by interaction through the
field of phonons ['2]; 2) of ferromagnetic antiferrodistortion dimers of the

Па-Па ог Па-1 type ['2], with g and D tensors having axes in different

directions; and 3) of multicentre ferromagnetic clusters including Cu?,
Cu3+, and O”. It is important to note that the participation of lla vibronic

centres is necessary in all cases.

Centres producing no EPR signal in ceramic LaSrAl,_Cu,O4 may be
as follows: microscopic inclusions of the LaSrCuO,4 phase, which do not

disrupt the phase homogeneity of the sample according to X-ray
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measurements; Cu?*—Cu?* or Cu?*-Cu?* dimers or conglomerates of
centres in which homovalent copper ions are predominant. The number of
such centres is high (>90%) even at small values of x, indicating a

tendency towards an early clustering of copper octahedra. This conclusion

agrees with the opinion reached at by several investigators that there is a

microscopic inhom%geneity of this type in materials belonging to a single
structural type [* B, Everything mentioned here holds for

LaSrAl,_,NiO, system as well.

The results obtained for LaSrAl,_,Cu,O4 allow one to make some

conclusions for superconducting materials. The distortions and dynamics
of the Ila centres in LaSrAl;_,Cu,O4 and CuOg complexes in LayCuO4
upon doping with Sr** ions are of the same nature (a hole appears in a

CuO, layer). Thus, in La; gsSry ;sCuO,4 centres with a strong coupling
through e, phonon modes and with significantly nonharmonic vibrations
of oxygen ions between two stable positions along the line of Cu—O—-Cu
bond may arise, according to the mechanism proposed here.

There are two important distinctions between CuOg in a doped
diamagnetic matrix and in a concentrated material: the change of the

character of the energy states of ions and the nonlocal character of hole
centres in Lay_, Sr,CuQOy. In La,CuQO, the energy levels of Cu and O ions

are transformed into broad bands. In particular, it removes the specificity
of the p orbitals of oxygens. In the frame of high-energy X-ray
spectroscopy it has been shown ['4 that the holes in CuO, layers are

situated in the states of the oxygens’ 2p band and they occupy the

corresponding orbitals of p-6@ ог Iпрlапе р-п types. This conclusion
confirms the succession of the properties of the CuOg centre in high-T,
superconductors, but does not exclude the change of magncžic states of

these centres (the interaction of a Cu?* unpaired electron in |x — y ) state

with a hole in the orbital consisting of the p-6 orbitals of oxygens is of an

antiferromagnetic character with s=o for the ground state). In both cases

the Jahn-Teller nature of the centres and their dynamics is preserved. In

La,_,Sr,CuO,4 the dynamics of CuOg becomes undoubtedly of a more

complicated character. The dynamics of oxygens in the layer arises now

due to both JT properties of CuO, and the jumps of holes from one

copper ion to another. It leads to at least two important effects: the

appearance of a so-called "breathing mode" of oxygen vibrations in CuO,
and the shortening of Cu-O distances along the c-axis (shortening of the c

parameter of the unit cell). >

The appearance of CuO, centres will also lead to the appearance of

ferromagnetic clusters incluging one or two nearest coordination spheres
of copper ions [^ The total magnetic moment of such cluster depends on

the spin state of CuO, (S=l or §=o), but the latter one does not change
the ferromagnetic nature of the cluster (Fig. 8). The formation of these

clusters may explain the exceedingly low value, x = 0.02, at which the

antiferromagnetic order of the system disappears [''). The clusters

ther]nsselves represent a certain variety of the magnetic polaron suggested
I[` 7].
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JAHNI-TELLERI lOONIDE DUNAAMIKA KIHILISTES OKSIIDIDES

Juri JABLOKOV, Tatjana IVANOVA, Aleksandr USATSEV

On tehtud tahkete lahuste LaSrAl,_Me,O, (Me = Ni**, Cu?*) EPR-

uuringud. Uurimisobjektiks olid magnetiliste ioonide energiaseisundid,
kristallivilja siimmeetria, tugevus ja dispersioon Me ioonil ning
materjalide mittestohhiomeetrilisuse mdju. On tdestatud, et NiOg ja CuOg
tsentrid on Jahni-Telleri tiiiipi, ning leitud NiOg diinaamilised Jahni-

Telleri tsentrid interstitsiaalse hapnikuga katsekehades. LaSrAl;_,Cu,Oy4-s
on leitud uut tiilipi diinaamilised tsentrid: CuO, = CuOy+ elektronauk

tasandi neljal hapnikul. Arutletud on La‚_ySryÄll_xCuxO‘‚ lokaalsete ja
kooperatiivsete omaduste üle.

ДИНАМИКА ЯН-ТЕЛЛЕРОВСКИХ ИОНОВ В СЛОИСТЫХ

ОКСИДАХ

Юрий ЯБЛОКОВ, Татьяна ИВАНОВА, Александр УСАЧЕВ

Выполнено исследование DIIP — твердых растворов

LaSrAl;.,Me,O4 (Me = Ni**, Cu2*). Предметом исследования слу-
жили энергетические состояния магнитных ионов, симметрия, сила

и разброс кристаллических полей на ионе Ме и влияние

нестехиометрии материалов. Доказана ян-теллеровская природа
статических центров №О, и СчО,. Обнаружены динамические ян--

теллеровские центры №OО, в образцах, содержащих HHTEPCTH-
ционный кислород. Установлен новый тип динамических центров в

LaSrAl];.,Cu,O4 (CuO, = СчО,; + электронная дырка на четырех
плоскостных кислородах). Обсуждены локальные и кооперативные
ceoicrsa La;

,Sr Al;,Cu,O4.
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	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.

	WANNIER FORMULATION OF THE LEE-LOW-PINES TRANSFORMATION
	PSEUDO-JAHN-TELLER EFFECT AND OFF-CENTRE IONS IN CRYSTALS WITH SOFT LATTICE MODES
	INVESTIGATION OF THE FORMATION OF THE LOWTEMPERATURE MAGNETIC AND STRUCTURAL ORDER IN A JAHN-TELLER CsCuCl3 CRYSTAL BY THE EPR OF FRAGMENTS OF A MAGNETIC STRUCTURE
	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).

	EQUILIBRIUM DISTORTIONS OF A DEFECT WITH AN INITIAL ELECTRON STATE OF t2 SYMMETRY: ROLES OF THE NONLINEARITY OF ELASTIC FORCES AND OF STATE OCCUPANCY
	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

	STATIC JAHN-TELLER MODEL FOR Cr2+ (d4) CENTRES OF TETRAHEDRAL SYMMETRY IN ZnS
	SILVER IMPURITIES IN CUBIC METAL FLUORIDES. JAHN-TELLER EFFECTS IN 4d95s1 AND 4d9 MULTIPLETS
	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.
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	THE BERRY PHASE OF ANE Oe SYSTEM
	DISTORTIONS OF VACANCY COMPLEXES IN n-GaAs AND THEIR REORIENTATION UNDER UNIAXIAL STRESS
	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.
	Characterization of the samples under investigation

	PHOTOINDUCED INSTABILITY OF MnO4 MOLECULARDEFECTS IN POTASSIUM IODIDE
	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.

	INVESTIGATION OF VIBRONIC INTERACTION OF Cu(II) lONS IN CsMgCl3 SINGLE CRYSTAL
	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

	DYNAMICS OF JAHN-TELLER IONS IN LAYERED OXIDES
	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.

	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. 2. The oxygen 6 AOs participating in the A-O bonds (a) and 6 MOs scheme for the AO, tetrahedron (b).
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	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.
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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.
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	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.
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