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IIpo0JemMbl M 3a1a4H
ddppexr KMC B manranurax Ln, A MnO; (Ln=La,Pr,Sm; A=Ca,Sr...) co cTpykrypoii
nepopckuTa Hadbsmwmaaercs Boamsn II-@M nepexoaa B cocTaBax Kak ¢ m3oasaTopabiM (M),
Tak 1 MeTaJIndecKuM (M) 0oCHOBHBIMH COCTOSTHUSIMH.
MaruuTHoe IoJie MOKeT W3MEHUTh WM (asoBoe paBHoBecue wam 7.. Orpomuoe
U3MeHeHue mojieM R mpeamnoJsiaraer npucyTcTBue B MaHranurTax nposoasimieii M ¢a3ssbi.

M ¢a3za, @M knacmepot ¢ M ceoiicmeamu ¢ II-H mampuuye oopasyemcsa eviuie T B
pe3yJbTaTe MArHUTHO-3JIEKTPOHHOTO0 (pa3oBoro paszuenenusi (MIDP).
KoHneHTpauus kjiacrepoB 3aBUCHT OT X u T.

IIpu ee npuOIMKEHNH K NEPKOJSAIUOHHOMY nipoucxoaut M-M nepexoo.

Ceazo MIDP c II-OM nepexooom u cmpyKmypHoIMU 0COOEHHOCMAMU eue N10X0 U3yYeHa,
¢pakTuyecku Hetr onucanus II-OM u U-M nepexonoB. Her nHpopManuu 0 MATHUTHBIX U
reOMETPUYCCKUX XAPAKTEPUCTUKAX KJIACTEPOB.

Manwviit omnocumenvuwlil 00vem KaacmepHou (hazvl cozoaem npoodiemsl ¢ 8vloe1eHUEM ee
8K1A0a U3 CYMMAPHO20 C MAMPUUeil MACHUMHO20 OMKIUKA.
CocTaBbl BOJHM3U NOJTOBHHHOTIO JONMPOBAHMSI MPEACTABIAIT 0CO0bIii HHTEpEC sl
usyuyenus. B Hux HaOa0aa0TCA OPOMTAIBHOE W/UJIM 32aPAA0BOE YIIOPSA0YCHHE,
conpoBoxaaemoe AD ynopsigoueHneM, KOTopbie MOI'YT APpaMaTH4YeCKH BJAUATHL HAa MO DP.
Hcceneoosanca: nosmkpucranandeckuit KMC manranur Smg 5,Prg 15 Srp sMnO,
(Sm3*(Pr3*) — Sr?*, ecmemanno-eanenmmuoe cocmoanue, 6onvuias wupuna 3onst \W).
OcHoBHasA 1eJb Pa00Thl — BhIICHEHHE 3(PdeKxTa 101. H30BAJTEHTHOIO 3aMeleHust SM
— Prua MO®P. D10 3aMenieHue BHOCHUT JIOINOJHUTEIbHBINA 0€CIOPSA0K 110
CPaBHEHHUIO C paHee MCCJIEeA0BAHHBIM HaMu SM, :Sr, sMNO,; [PRB 72 (2005) 184432].
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Fig.1. T-dependence of SPSMO resistance at
H=0; 7T in direct and reverse T —scan. Red
line presents fit of p(T) by polaron model.
Insert presents p in other coordinates.

Temperature (K)

Fig.2.T-dependences of SSMO resistanceat H=0; 7 T.
Red line presents fit of p(T) by polaron model. Insert
presents p(T) in other coordinates. [Kurbakov et al.
PRB 72, 184432 (2005)]
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Fig.5. T-dependences of interatomic distances (a),(b); (d),(e); moments of different magnetic phases (c),
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SMg 3,PT 1557 sMNO;:

| -Pbnm;

I I -JI)QZZL/T11;

difference in Mn-O distances for two Mn sites is rather

small (deviation of monoclinic angle from 90° is small) and we present here average data.
Sm, sSr, sMnO; (both phases exhibit Pbnm space group). In phase I JT distortions are close to that in

pure FM Sm, :Sr, ,-MnO, [Kurbakov et al. Fiz.Tv.Tela 46 (2004) 1650].
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M, nenuneiinozo omxauka é npoooavhoii zecomempuu. H(t) = H + h cosat
oM, oc h?, M,(@,H) = z,(@H) h?, y, — BocpuuM4nBOCTS 2-T0 TIOPSIKA, HIMEET CTATUUECKUM
npeesn

e 7,(0,H) = Rey,(0,H) =(1/2)6°M(H)/0H?, Imy,(0,H)=0. B u3zorponHom ciyuae:
Z2(@) =T (-i20 +T) 25(0) - 1 (L /OH){(-120 +T) (-l +I) 1 21 (0). - (1)

IlepBolii wieH y,(w) — ciencrBue Heauneiinoctu M(H). On naer ocnoBHoii Bki1aa B ReM,,.
Bropoii yien — u3-3a Bausuus H(t) na penakcanuio, 1aet ocHoBHo# Briaaa B ImM,. Ero
3HAK IIPOTHBOIOJIOKEH 3HaKy ReM.,,.

e U3 cumMmeTpuiinbix cBocTB M, nosisienne H-rucrepesuca, ¢ M, =0 nmpu H=0 —
CJIe[ICTBHE MOsIBJIeHHE cIOHTaHHOr0 @M MomeHTa B oOpa3sue.

M, ¢ 3D uzomponnom peppomaznemuxe gvtuie T -

ReM, oc Hz 143 — uneiino ot H Boime T ¢ pescume cavozo nons (QuH < Q(z7) = KTo753).
Henuneiinoe nosedenue (c sIkcmpemymom 6 npeoenax pazeepmku H, nonoxenue Koroporo 3a-
BUCUT OT 1=(1-T)/T;) moxcno oncudoams éo1u3zu T npu nepexooe K percumy cuibHO20 NOJi.

ImM, oc Hz 1%6.G(H, 7), G — u3BecTHas c1a6o MeHsiromasicss pyHKuus (BKIaz CIIUH-

1 hy3nOoHHON MOBI).

M, o ancamons neezaumooeiicmeyrouiux OM Knacmepos ¢ 601buiUM MOMEHMOM

ReM, oc 3?M(H)/0H ? ¢ s3xeTpemymom B caadom H . ImM, oc (oI'/0H)(0M(H)/oH) ¢
IKCTPEMYMOM B cjiadom H u nporusBonosioxkubiM ReM, 3HakoMm.

Pexxum noBeaennss ®M kiactepoB (cynepnapamaruuTHbiii (SPM)/ 61oxkupoBku — ¢
nuHamuveckum H-rucrepesucom) 3aBucut ot Benuuussl E, /KT (E, = Kv, K —addexTuHas
KOHCTaHTa aHU30TPOIHH, V — CPEIHHUIA 00beM Ki1acTepoB, K — mocTossHHas bonbiimana).
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Concentrations of clusters become close at T of depolarization beginning. M, signal from cluster
subsystem in critical region of matrix P-FM transition is too large and masks matrix signal.
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Description of SPM clusters magnetic dynamics is based on Gilbert stochastic equation (it is
analog of Lanzheven diffused equation) [J. L. Garcia-Palacios, Adv. Chem. Phys. 112, 1 (2007)]:
dm

i = ymx [Bgff(ﬂ +bg (1) — (ym)™ '55_]

Here m —cluster magnetic moment, B.g = dV/dm is effective magnetic field, V (t) —magnetic
potential, by is a weak fluctuating magnetic field.
Kinetics of FM cluster ensemble is obeyed to Fokker-Planck equation [S.V. Titov et al. PRB 82,

100413(R) (2010)]: ow B 3)
2ty — - =—u- (VW x VW) + V(W + WVV)

The first term in right part of (3) describes a precession. The second term describes a rotational diffusion
of unit vector u = M,//M of magnetization My and is responsible for thermal relaxation.
Here W — nonequilibrium distribution function of probability density for directions u = M/M; V = d/du —

gradient operator; 3 = V/KgT, where V — cluster volume, Kg - Boltzmann constant, T — temperature.
diffusion relaxation time is taken in form of Landau-Lifshitz 7 = rO/a, where a — damping factor and
7,= fM./2y (y - gyromagnetic ratio).
T Is the characteristic time of diffusion in absense of potential.
Magnetic potential V is usually implied uniaxial [H. El Mrabti et al. J. Appl. Phys. 110, 023901 (2011)]:
. ~ H _ h |

BV =osin“d — &5 u T Epu e Hms wt, (4)
Here &, =pBMH and & = BM.h; H and h — steady and AC magnetic fields accordingly. The first term in(4)
— anisotropy energy with o = BK, , where 8 = V/kgT, K, — effective constant of anisotropy, including

magneto-crystal anisotropy, form anisotropy and surface one; 3 - angle between anisotropy axis and
magnetization, second and third terms — Zeeman energy

Decision for distribution function:
W(t,9,0) = Z Z i ()Y (9, )

=0 m=-—1
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Fig.11. Fit of SPSMO compound M,-response by decision of Fokker-Plank equation. T = 306 K. Power-
law distribution of clusters was used. Since a presence of a weak H-hysteresis the curves (Re(Im)M,;+
Re(Im)M,,.,)/2 were fitted. The dynamical parameters can be found by this approach only.
PacuyeTtbl 6binu BbinonHeHbl B CM6IMY CKLU «lMonutexHn4yecknmny».



3aknrouenue

I. ND - cxonnas 3Bosonus crpykTypsl B SMSrMnO u SmPrSmMnO o6pasuax, ®M u AD
yHOpPsAI04YeHUE B Pa3HbIX CTPYKTYPHBIX (a3zax. [loxoxuii cueHapuii Ha0J01aeTCa U B
PrysSr,sMnO, [Damay et al. IMMM 184 (1998) 71].

B SMPrSmMnQO — B 60Jib1Ieili YacTH KPUCTAJIMTOB CTPYKTYPHBIH NMepexoa uaeT NoJHOCThI0. B
ocTaBIIUXCH KpUcTajaanTax ¢ ¢pasoii | npu 7~ 170 K npoucxonut nepkossinnonnbiii U-M nepexo;
— naabHuil ®M nopsigok — nposiBiasiercss B ND npu 7~ 170 K. U-M nepexoa Bo Bcem oOpasie
OTCYTCTBYET H3-3a MaJioro koaudectna ¢asnl | (< 20%0).

I1. R(T) - SmMPrSmMnO - cBoiictBo KMC, et U-M nepexona; KMC nadiaronaercs, mo-BHIuMoMy,
3a cYeT MeTAMATHUTHOTO nepexonaa («miaaBjaeHusn» AD® ¢a3wpl ) noj aeiicTBeM MoJisi B
kpucramaurax ¢ ¢pazoii I1. SmMSrMnO - cBoiicteo KMC, U-M nepexo.

1. n-monsipu3auusi(7) pazureabHo orsindaercs: B SMPrSmMMnQO ee navasio npu 7= 307 K;
B SmSrMnO — npu 7 < 120 K.

V. M,(T,H) — o6pa3oBanue ®M kiaacrepoB Hauunaercs npu 1* > 310 K B 06oux cocTaBax.

B SmMPrSrMnO ux konuenrtpanus, C, , 0ocmamouna 01a N-0enonapusayuu yyce npu T ~ 307 K.

B SMSrMnO npu T~ 300 K C,, ~ Ha 2 nopsaka Huxe, yeM B SMPrSMMnO. C, , yBeqinuuBaeTcs
Ha 2 nopsaaka 1oJabko npu T ~ 120 K < T nusrce komopoiui nauunaemcesa N-oenonapuzayusi.

BHoCMMBIN H30BAJIEHTHBIM 3aMelleHMEeM CPABHUTEbHO CJIA0BIN JONMOJHUTEIbHBIH
OecnopsioK, crocoo0cTByeT o0pasoBannio @M KiacTeposB.

V. YpaBHenune ®okkepa-Ilnanka — ananu3 M,(H,T) oTkiIuKa B 00J1aCTH €ro 0e3rucTepe3ucHoro
noBeeHus (CynepnapaMarHUTHbIM PEKUM MOBEICHUA KJIACTEPOB) + N-Aenosipu3aums
HEITPOHOB — oOMpejieIeHNe TeOMeTPUYECKUX U INHAMHYECKUX MapaMeTPOB KJIACTEPOB.
SMPrSrMnQO: ananu3 yka3biBaeT HAa CTeNEHHYI0 (PYHKIUIO pacnpe/eeHusi pa3MepoB
KJIACTEPOB ¢ nmoka3zareseM 2.55 (ppakrajibHas pa3MEePHOCTH B KJIACTEPHOM MOIACUCTEME), YTQ
HVKIAeTCHd B TaJIbHEeHIIIel IpoBepKe.
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Mixed-valence manganites

» The doped manganites La, ,A,MnO, consist of a 3D network
of corner-sharing MnOg octahedra located at the nodes of a
simple cubic lattice with La(A) in a center of unit cell

[M. Pissas et al. Phys. Rev. B 72, 064425 (2005)].

e The CMR is largest just near the ferromagnetic transition o
temperature.

x Mo+ + (1-x)Mn?**

Jahn-Teller provides distortions of MnOg
octahedra, which effect essentially on structure,

probability of e -electron hopping as well as
create prerequisites for orbital ordering
formation.

Jahn-Teller Polarons




DJIEKTPOHHAS CTPYKTYpa noHoB Mn

€g A x2-y2
|"'-rrr ‘
J Jz2-r?
3d orbitals 10Dq Jrr>0
A 1 A f xy
i | A
th, 'L Yz, ZX

Field splitting of the five-fold degenerate atomic 3d levels into lower t and higher e levels.
The particular Jahn-Teller distortion sketched in the figure further lifts each degeneracy as
shown. J.g~2¢eV,J,~2-3eV,J;;~05¢eV,t~0.3 eV.
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In absence of external magnetic field cluster moments are oriented
along anisotropy axis, the moment of ensemble being M = 0. To reach Mt
thermal equilibrium at field turning on, magnetic moments of part of ensemble
should change their orientation on angle 1. The latter is required the transition
across barrier (Fig.7) under action of thermal fluctuation. The relaxation time

is described by Neel-Brown expression: : 0
T = 1,eXp(AEg/KT), AE; = K, v 3) =
Here K, is effective anisotropy constant, v — cluster volume, 1, ~ 10710 s, '
Transition from SPM regime to blocking one, which is characterized by H-
hysteresis arising in M(H) n M,(H) is determined by condition: T,.,c =T, A
from which the blocking temperature can be found: )
Tg = KVI[K-IN(Tpeas!T, 4 y
B a [ ( meas O)] ( ) i.ﬂ,y"'f{ﬂ.u_]
M . . . .
/_f,ﬁ" Fig.8. Magnetic hysteresis: (a) origin and phenomeno-
; Easy axis logy of hysteresis. The insets are energy-landscape
e W equivalents of the magnetization
:F:; 4 ! Inserts in Fig. 8 show schematically a change of barrier
o for FM clusters in two-well potential in presence of
= o - external magnetic field:
s AE, = Kv+ pH(Y). (5)

Thus, relaxation time (3) will be function of
external field, and in M,(H,T) will appear high
harmonics provided by this parametrics.

Il

0 2 G
i

Fig. 7. Schematic picture of the free energy of a single- From expression (4) is clear the dependence of

domain particle with uniaxial anisotropy as a function of blocking temperature Ty on cluster dimension, and H-
magnetization direction. AE; is the energy barrier hindering the hysteresis of M,(H) response on frequency of H-scan, F, of
free rotation of the magnetization and 6 is the angle between the Steady field H. For the latter, in case of signal accumulation
magnetization M and the easy axis. [S. Bedanta and W. at periodic H-scan the time of measurement is T, ., = 1/F..
Kleemann. J.Phys.D: App,Phys. 42 (2009) 013001].
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Fig.12. Fit of SPSMP compound ReM,-response by Eq. 1 in static limit with M described Lanzheven
function + linear on H response of matrix. T=306.9K.  y~1.1-10° yg, N, ~ 1.5-10%* 1/g.
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Two band model.
Spectral density (E;;=-0.5eV,D=12eV,U=5¢eV,J.=2meV ) : (a) x=0.1,
T=0(FI), (b)x=0.3, T=180K (<T, =240 K) (FM), occupied band states are
shown shaded, (c) T =350 K (PI). Vertical line is the | polaron level.
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FIG. 1 (color online). Real space electronic distribution ob-
tained from simulations on a 16° cube. Magenta (darkest)
denotes hole clumps with occupied b electrons, white (lightest)
denotes hole clumps with no b electrons, cyan (2nd lightest)
denote singleton holes, and light blue (2Znd darkest) represents
regions with € polarons. Left: Isolated clumps with occupied b
electrons (b-electron puddles). Right: Larger doping; percolating
clumps. Inset: “*macroscopic phase separation’ absence of long
range Coulomb interaction (V; = 0.0).

| V.B. Shenoy et al., PRL 98, 066602 (2007) I
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FIG. 4. Schematic representation of theories for manganites. (a) is a simple “double
exchange” scenario, without phase competition. (b) is based on a gas of polarons above the
Curie temperature T, also without phase competition. In (c), a phase-separated state above

the ordering temperatures is sketched.
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