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Abstract

An effect of the static long range cooperative Jahn—Teller (JT) distortion on the
magnetic properties of Ag 7A; ;MnOs3 (A =La, Pr,Nd; A’ = Ca, Sr) manganites
with the orthorhombic structure of Pnma symmetry is studied on the basis of
structural, magnetic and transport properties data. A directrelationship between
the static JT distortion parameter and the Curie temperature was found. The
relationship between the static long range cooperative JT distortion, strength
of electron—phonon coupling effects and magnetic properties of Ag7A[ ;MnO;
manganites is discussed.

1. Introduction

Manganites of perovskite type A;_,A.MnO; (A—rare earth, A’—alkali earth elements)
exhibit rich magnetic and electronic phase diagrams depending on the A-site elements and
their ratio, and they have attracted considerable interest with respect to the recently discovered
colossal magnetoresistance (CMR) effect [1]. For the optimum doping range x ~ 0.3,
manganites generally exhibit a ferromagnetic metallic state below the Curie temperature 7¢
which is governed by the double-exchange interaction [2—4]. The ferromagnetic arrangement
of the localized tp, spins is mediated by the itinerant e, electrons via the on-site Hund’s rule
coupling Jy. The magnetic and transport properties of double-exchange ferromagnets are
controlled by the one-electron bandwidth W, which is proportional to the Mn—O—Mn electron
transfer integral, and 7¢c o< W in the strong coupling limit (Jg > W) [5].

The bandwidth can be effectively tuned by the ‘internal’ pressure (variation of the average
A-site ionic radius (ra)) or high external pressure [6-9]. Both the increase of (rp) and the
application of high external pressure lead to the increase of 7¢. The variation of the bandwidth
due to the structural effects can be expressed as
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Table 1. JT distortion parameters, Curie temperatures, activation energies, average A-site ionic
radii, Mn—O bond lengths and Mn—O-Mn bond angles for A0,7A6.3Mn03 manganites.

Syt Tc E, (ra) IMn—o 0

A) K @mev) A A (deg)
Lag7Cag 17Sr9.13MnO3 [12, 16] 0.0003 309 — 1.222 1.959 163.04
Lag7Cag3MnO3 [13, 8] 0.0019 270 131.6 1.205 1.962 160.53
Pr.7Srp.3MnOj3 [14] 0.0023 259 — 1.218 1.962 160.91
Ndg 7Srp.3MnO3 [15] 0.0053 210 142.8 1.207 1.962 159.5
Lag 525Prg.175Cap.3MnO3 [12, 6] 0.0066 200 147.2 1.199 1.963 159.18
Ndy 7Cag 22Srg 0sMnOs3 [15] 0.0129 130 165.6 1.179 1.965 156.29

where Iyi,—o is the Mn—O bond length and 6 is the Mn—O-Mn bond angle [7, 9, 10].
However, recent analysis of A;_ A’ MnO3 manganites with x = 1/3 has shown that
consideration of structural effects only does not allow one to explain the observed variation
of Tc as a function of (ra), and electron—phonon coupling effects arising from Jahn—Teller
(JT) structural distortion were found to be important [7]. The formation of polarons due to the
strong electron—phonon coupling effects leads to further reduction of the bare bandwidth

Werr = Wexp(—y Eyr/hw), (2)

where Ejr is the Jahn—Teller polaron binding energy, w is the characteristic phonon frequency
and parameter 0 < y < 1 depends on Ejr/hiw. An increase of the y Ejr/hw value with (ra)
decrease was found [7].

The electron—phonon coupling effects are especially pronounced in the optimally doped
manganites with the orthorhombic crystal structure with Prnma symmetry and relatively
small (ra) < 1.22 A where a static long range cooperative JT distortion is present. Such
effects are strongly reduced for compounds with the rhombohedral structure of R3¢ symmetry
({ra) > 1.22 A), as found in the study of compounds Laj/3(Ca;_Sry)MnO;3 [11]. In the
latter case the static long range cooperative JT distortion is forbidden by the symmetry and the
relevant electron—phonon coupling effects become negligible.

From the above reasons one would expect close correlation between the parameters
characterizing the static long range cooperative JT distortion and electron—phonon coupling
effects in the orthorhombic manganites. In this paper, interplay between the static long
range cooperative JT distortion and the magnetic properties of optimally doped orthorhombic
manganites Ag7A);MnO3; (A = La, Pr, Nd; A’ = Ca, Sr) is studied using available
experimental data [6, 12—16].

2. Results and discussion

In the orthorhombic structure of Pnma symmetry there are three nonequivalent pairs of Mn—O
bonds (Mn-O1, Mn-02, and MnO2y), and the static long range cooperative JT distortion of
MnOg octahedra is characterized by the parameter [12]

St = \/% Z[(an—O)i — (bn-0)1% 3)

where the summation index i = 1...3 corresponds to particular Mn—O bond lengths Iy, —o.

The §yr values calculated from the structural data at ambient temperature [12—15] for the
Ag7A; ;MnO3 compounds considered are presented in table 1 along with the corresponding
Tc values.
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Figure 1. Temperature dependences of resistivity of Lag7Cap3MnO3; [6],
Lag s525Pro.175Cap3MnO3 [8] and Ndg7Sro3MnO3 [15] in the T > T region and their fit
by the function (4) (solid curves). The error bars are within the symbol sizes.
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Figure 2. Activation energy E, ~ %EJT as a function of static JT distortion parameter in
A¢.7A{ 3MnO3; manganites. The solid line represents a linear fit to the experimental data. The
error bars are within the symbol sizes.

In the adiabatic polaron hopping limit which is found to be appropriate for manganites [17]
the temperature behaviour of resistivity above 7¢ is defined by

p & (kT /hw) exp(E,/kT), 4)

where the activation energy is £, = %E T — % the bare bandwidth W is defined by (1), z is the
lattice coordination number and k is the Boltzmann constant [ 18]. The values of E, obtained for
selected Ag 7A( ;MnO3 manganites from the analysis of resistivity data [6, 8, 14, 15] (figure 1)
are presented in table 1. The variation of bare bandwidth W for the studied compounds does
not exceed 10%, as can be estimated from table 1 using equation (1). Thus, the observed
variation of activation energy (table 1) comes mainly from the change of the %E jr term, and
E, ~ %E jr- The Ejp value increases linearly with the increase of the static JT distortion
parameter 8yr (figure 2). The Curie temperature in Ag7A;;MnO3 manganites exhibits a
nonlinear decrease with increase of the §yr parameter (figure 3). Assuming T¢c o Wy, it
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Figure 3. Dependence of the Curie temperature on the static JT distortion parameter in
A0A7A6A3Mn03 manganites fitted by the function 7c = A exp(—Bdyr). The error bars are within
the symbol sizes.

comes from equation (2) and the observed linear relationship between Ejr and §y7 that the T¢
(8yr) dependence should follow the exponential behaviour 7¢c = A exp(—Bdyr), in agreement
with the observation (figure 3). The parameters A and B are related to those of equation (2) as
A o« W and B « y /hw. The values A = 308.82 K and B = 68.66 A~! were obtained from
the fit to experimental data.

Previously it was found that the change of 7¢ value in manganites correlates with the
variation of (rn) [6] and also rp variance 0% = Zi Vi (r/i)2 — (ra)?, where the y; are the
fractional occupancies of different A-site elements [19]. The static JT distortion parameter
increases nearly linearly with decrease of (ra) (figure 4) but shows no obvious dependence on
the o2 value (figure 4) for the studied compounds.

Among the A¢7Aj;MnO; manganites the largest Curie temperatures are observed in
compounds with the rhombohedral crystal structure of R3¢ symmetry. For instance, the Curie
temperature 7¢c = 370 K for rhombohedral Lag 751y 3MnO; is much larger in comparison with
those for the considered orthorhombic lanthanum-based compounds Laj7Cag 17S19.13MnO;
(Tc = 309 K [6]), La0,7Ca0_3Mn03 (Tc = 270 K [13]) and La0,525Pr0,175Ca0,3Mn03
(Tc = 200 K [16]). One of main reasons for this effect may be the absence of the
static long range cooperative JT distortion which is forbidden by the R3¢ symmetry, which
implies that MnOg octahedra are isotropic with equal Mn—O bond lengths and Mn—-O-Mn
angles. Consequently, the electron—phonon coupling effects are suppressed in rhombohedral
manganites in comparison with the orthorhombic ones, where such effects lead to the reduction
of Curie temperature values. The study of manganites La,;3(Ca;_,Sry);,3MnO; [11] also
revealed that enhanced lattice effects are responsible for different properties of the samples
with the orthorhombic structure in comparison with those having the rhombohedral structure.

3. Conclusions

The results of our study show that the Curie temperature of manganites Ao 7A{ ;MnO3 (A =La,
Pr, Nd; A" = Ca, Sr) is controlled by static long range cooperative JT distortion. The electron—
phonon coupling effects become more pronounced with increase of the JT distortion parameter
due to relevant increase of the JT polaron binding energy. The JT distortion parameter shows
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Figure 4. The static JT distortion parameter as a function of the average A-site ionic radius (ra)
(top) and its variance o2 (bottom) for A0,7A6'3Mn03 manganites. The error bars are within the
symbol sizes.

close correlation with the average A-site ionic radius and increases with decrease of (ra). No
certain correlation between 8;r and the r5 variance o2 was observed.
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