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Abstract: Lanthanum strontium manganites, doped with zinc have been studied by magnetic resonance. In the paramagnetic phase, 

regions with a ferromagnetic order with superparamagnetism properties are observed. Using the theory of Raikher and Stepanov for 

superparamagnetic particles, the analysis of the temperature dependence of the magnetic resonance linewidth and resonance field was 

performed. This analysis allowed to estimate the size of ferromagnetically correlated regions and the magnitude of the magnetic anisotropy. 
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1. Introduction 

Hole doped manganites having the general formula 

A1⎯xBxMnO3, where A is one or several trivalent cations from the 

group of lanthanides and B is a divalent alkaline-earth metal such as 

Ca, Ba, or Sr, have a quite rich phase diagram resulting from the 

interplay between the spin, orbital, charge, and lattice degrees of 

freedom. In addition to the problems related to the orbital, charge, 

and magnetic ordering, these materials attract considerable current 

interest owing to such phenomena as the colossal magnetoresistance 

and phase separation [1, 2]. 

More than 40 years ago, it was predicted the formation of 

ferromagnetic drops [3]. The idea of the existence of ferromagnetic 

correlated regions in the paramagnetic phase of manganites was 

developed by Kugel et al. [4]. They explain the transport and 

magnetic properties of manganites of various types. According to 

their estimates, the size of ferromagnetically correlated regions (FM 

droplets) is about 30 Å. 

Khokhlov et al [5] study of magnetic and transport properties of 

Nd0.52Sr0.48MnO3 films of different thicknesses, it was found that the 

films are phase-separated and are composed of magnetic clusters 

(droplets) in an electrically insulating paramagnetic (at T > TN), or 

antiferromagnetic (at T < TN) matrix. In the same paper it has been 

suggested that the ferromagnetic clusters in a magnetic field of 1 T 

and above can decay into smaller areas, consisting of magnetic 

polarons of small radius of the order of 1-2 nm. 

Electron spin resonance (ESR) turned out to be very sensitive to 

the formation of ferromagnetic regions in the paramagnetic phase, 

as has been reported e.g. for La1-xSrxMnO3 in the regime 

0.075 ≤ x ≤ 0.175, where weak, strongly anisotropic ferromagnetic 

resonance (FMR) lines appear besides the paramagnetic resonance 

line at g ≈ 2 already below 270 K far above the magnetic ordering 

temperature [1]. The nature of these ferromagnetic resonances can 

be explained in terms of a Griffiths phase arising due to the 

presence of correlated quenched disorder in the orthorhombic 

cooperative Jahn-Teller phase. 

In the paper [6], the authors studied the La1–xSrxMn0.925Zn0.075O3 

(x = 0.075, 0.095, and 0.115) ceramic by magnetic resonance and 

magnetization. For all three samples, the magnetic moment of the 

ferromagnetically correlated region turns out to be about μ = 

(175±10)μB, the decay parameter is α=0.025±0.005, and the 

resonance field is H0=3400±10 Oe. The average linear size of the 

ferromagnetically correlated regions is of the order of 1–2 nm. 

However, the concentration of holes was controlled by only one 

impurity. Therefore, it is not clear that effects are associated with 

magnetic properties or changes in the crystal lattice. Controlling the 

concentration of holes with the help of two impurities, you can try 

to answer the question posed. The aim of this study is to determine 

the magnetic moment, the resonance field and the decay parameter 

for the ceramic La1–xSrxMn1-yZnyO3 (where c=x+y is constant). The 

substitution of divalent Zn2+ ions for manganese leads to the growth 

of the Mn4+ content and hence to the simultaneous lowering of the 

Mn3+ content. Zn2+ ions having the 3d10 electron configuration break 

the transport and exchange coupling between manganese ions [7]. 

The zinc doping enhances the tendency to charge localization and 

thus reduces the mobility of charge carriers. This favors the 

formation of the regions with ferromagnetically correlated spins 

within the paramagnetic phase. 

 

2. Theoretical background 

To evaluate our ESR data, we refer to the theory of Raikher and 

Stepanov published in a series of papers, e.g. Refs. 8 and 9, in 

which theoretical expressions are obtained for the temperature 

dependence of the magnetic resonance linewidth of an ensemble of 

superparamagnetic particles with uniaxial anisotropy. The linewidth 

∆H(T) of the superparamagnetic ensemble basically consists of two 

contributions 

US HHH     (1) 

i.e. the homogeneous broadening ∆HS due to superparamagnetic 

fluctuations and the inhomogeneous contribution ∆HU resulting 

from the statistical distribution of resonance fields caused by the 

uniaxial anisotropy given by 
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respectively. The average resonance field reads 
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Here H0 denotes the external magnetic field, α is a damping 

parameter, and 
001 1coth  L  abbreviates the Langevin 

function. The effective magnetic moment μeff and anisotropy energy 

WA,eff of the superparamagnetic particles can be empirically written 

as [10] 
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with the magnetic moment μ, the magnetic ordering temperature T*, 

and the anisotropy field HA. 
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3. Experimental details 

Polycrystalline samples of La1-xSrxMn1-yZnyO3 were 

synthesized by traditional ceramic processing. The starting 

components (dried La2O3, SrCO3, BaCO3, MnO2, ZnO powders) 

were mixed in stoichiometric proportions and ground in a ball mill  

 

with addition of ethanol. The obtained powder was pressed into 

pellets, which then were preliminarily annealed at 1273 K for 4 

hours. This operation was followed by trituration in a mortar, fine 

grinding in a ball mill for 10 hours, introducing a binder (an 

aqueous solution of polyvinyl alcohol), drying and granulation. 

From the obtained powder, rings of standard size (7 x 4 x 2 mm) 

were pressed. After burning out the binder, the final sintering step 

was performed at 1473 K for 10 hours and in the end the samples 

were cooled down together with the furnace. 

The magnetic resonance measurements were performed on a 

Bruker ER 200 SRC (EMX/plus) spectrometer at X-band 

frequency. The temperature was controlled in the temperature range 

from 100 K to 340 K using a Bruker nitrogen-evaporation cryostat. 

ESR probes the microwave absorption due to magnetic dipolar 

transitions between the Zeeman levels split by an external magnetic 

field H. Lock-In amplification with field modulation experimentally 

yields the field derivative of the absorption signal. In case of 

conducting samples a contribution of dispersion is admixed to the 

absorption due to the skin effect resulting in an asymmetry of the 

absorption lines. For the microwave field with a frequency of ν≈9 

GHz the skin depth is comparable to the size of the samples (~ 1 

mm) in the experimental temperature range. Therefore, to eliminate 

the influence of the skin effect on the shape of the ESR, the ceramic 

samples were powdered and mixed with NaCl. 

4. Results and discussion 

Typical ESR spectra as observed in all manganites under 

consideration are shown in Figure 1 exemplarily for 

La0.875Sr0.125Mn0.975Zn0.025O3. In the paramagnetic regime the 

spectrum of magnetic resonance consists of a single exchange-

narrowed line, which is well described in terms of a Lorentz shape 

with a small contribution of dispersion [11]. Deviations from the 

ideal Lorentzian appear only on approaching magnetic order. 

La0.875Sr0.125Mn0.975Zn0.025O3 as obtained from the Lorentz fit. 

As observed for all samples under consideration, the resonance field 

is approximately constant at high temperatures corresponding to an 

effective g-value of g≈1.98. Only within a temperature range 

∆T≈50 K above the onset of magnetic order, the resonance field 

significantly shifts to lower fields with decreasing temperatures. As 

shown earlier, the observed paramagnetic resonance signal with an 

effective g value slightly below g = 2, is due to all manganese ions, 

Mn3+ and Mn4+, in the compound [12].  

 

The linewidth exhibits a minimum close to the temperature, 

where the resonance field starts to diverge from its high-

temperature value. To higher temperatures we observe a 

monotonous, approximately linear increase, while to lower 

temperatures the linewidth strongly diverges. This behavior is well 

described by Eq. 1 developed for the superparamagnetic ensemble: 

At low temperatures the linewidth is large due to the distribution of 

directions of the anisotropy fields of the particles (inhomogeneous 

broadening); as the temperature increases the thermally induced 

tendency to make the magnet isotropic at first causes the linewidth 

to decrease, but then the superparamagnetic fluctuations induce 

another increase to higher temperatures. 

 
Table 1. Characteristics of the ferromagnetic correlated regions in the 

La1-xSrxMn1-yZnyO3 

x 0.025 0.05 0.1 0.125 

y 0.125 0.1 0.05 0.025 

μ, μB 280 250 208 249 

KV, 

104 J/m3 

1.9 1.8 1.6 1.97 

α 0.048 0.037 0.02 0.019 

H0,Oe 3402 3400 3355 3373 

HA,Oe 206 215 234 236 

T*,K 77 85 153 177 

 

Temperature dependence of the magnetic resonance linewidth in 

La1-xSrxMn1-yZnyO3, are shown in Figures 2. As we can see, the 

 

Fig. 1. Magnetic resonance spectra of La0.875Sr0.125Mn0.975Zn0.025O3 taken 

at several temperatures above magnetic order. The solid lines represent 

the field derivative of Lorentzian profiles including dispersion and 
counter resonance following Ref. 11, which is necessary in the case that 

the linewidth is of the same order of magnitude like the resonance field 
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Fig. 2. Temperature dependence of the linewidth in La1-xSrxMn1-yZnyO3. 
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behavior of the temperature dependence of the positions and linewidths 

of the electronic magnetic resonance in La1-xSrxMn1-yZnyO3, is similar 

that for superparamagnetic particles [8, 9]. For low temperatures 

linewidth is large due to the scatter in directions of the anisotropy fields 

of the particles (inhomogeneous broadening); as the temperature 

increases the thermally induced tendency to make the magnet isotropic 

causes linewidth to decrease, but in the fluctuation region it once again 

begins to increase (Fig. 2). 

We have described the temperature dependence of the magnetic 

resonance field, the linewidth of the magnetic resonance in La1-xSrxMn1-

yZnyO3, using the formula 1- 4. Obtained from the approximation of the 

temperature dependence of the linewidth and resonance field 

parameters: the magnetic moments, the anisotropy energy of the 

ferromagnetically correlated regions WA, magnetic moment μ as well as 

the damping coefficient α, resonance field H0, anisotropy field HA = 

WA/μ [13], the ordering temperature T*, and the blocking temperature 

B

v
b

k

VK
T

25
  [14], are shown in Table I. 

As can be seen, the average value of the magnetic moment in the 

ferromagnetically correlated regions of the ceramic La1-xSrxMn1-yZnyO3 

is about μ = (250 ± 30) μB. Taking into account that the magnetic 

moment of the Mn3+ ion in perovskites is about 3.5 μB, 

ferromagnetically correlated regions contains about 70 of the 

manganese ions. If we consider that the grating period is about 7 Å  [15], 

whereas the size of ferromagnetically correlated regions is about 1-2 

nm. 

 

4. Summary 

The study of magnetic properties of ferromagnetic correlated 

regions in ceramic La1-xSrxMn1-yZnyO3 was carried out by the 

electron magnetic resonance. Temperature dependence of electron 

magnetic resonance spectra over the entire range of measured 

temperatures have features which characterize the magnetic 

resonance of superparamagnetic particles. As a result of 

approximation of the temperature dependence of electron magnetic 

resonance spectra there were obtained the value of the 

magnetization, the anisotropy energy of ferromagnetically 

correlated regions and the ordering temperature. The average size of 

ferromagnetically correlated regions in the ceramic manganites La1-

xSrxMn1-yZnyO3 may reach the values about of 1-2 nm. 
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