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 3OxInx-1Mn1/3Sr2/3Laتأثير التشويب في موقع المنغنيز على الخواص المغناطيسية لبيروفسكايت المنغنيت 

 2علي عقيل حامد،*1بوبيرمضان ابراهيم ش

 الكلمات المفتاحية  

 بيروفسكايت

 الحساسية المغناطيسية

 الخواص المغناطيسية

 المقاومة المغناطيسية

 درجة حرارة كوري

 الملخص 

. وتم 3OxInx-1Mn1/3Sr2/3La( في مركب المقاومة المغناطيسية  0.20x ≥تمت دراسة استبدال المنغنيز بتركيز منخفض من الإنديوم )

تحليل الخصائص المغناطيسية باستخدام قياسات الحساسية المغناطيسية للتيار المتردد والمقاومة الكهربائية للتيار المستمر. 

كلفن مع زيادة مستوى تطعيم الإنديوم، مما يشير  245كلفن إلى  365( من Tpحرارة التحول من المعدن إلى العازل ) انخفضت درجة

( لكل عينة مع زيادة محتوى الإنديوم. وكشف Tcإلى فقدان الترتيب المغناطيس ي الحديدي. وبالمثل، انخفضت درجة حرارة كوري )

ية بيروفسكايت معينية الأوجه أحادية الطور. وأشارت دراسة مورفولوجيا السطح وتحليل ( عن بنXRDتحليل حيود الأشعة السينية )

، انخفض حجم الحبيبات x = 0.20( إلى أنه مع زيادة تركيز الإنديوم حتى SEMالبنية المجهرية باستخدام المجهر الإلكتروني الماسح )

 ملحوظ للحبيبات. ميكرومتر، مصحوبًا بتكتل 2ميكرومتر إلى  15بشكل ملحوظ، من 

 

INTRODUCTION 
Perovskite manganites, represented by the formula R1-

xAxMnO3 (where R denotes a trivalent rare-earth ion and A 

represents a divalent ion such as Ca,Sr, Ba, or Pb), have 
garnered significant scientific and technological attention due 

to their colossal magnetoresistance (CMR) effect. This 

property holds promising potential for applications in magnetic 

sensors and read heads. Among these compounds, the doped 

mixed-valent La0.67Sr0.33MnO3, belonging to the perovskite 

family, exhibits intriguing electrical and magneto-transport 

behaviors, particularly the CMR phenomenon. The CMR 

effect, first explained by Zener through the double exchange 

(DE) mechanism, occurs as part of a phase transition from a 

paramagnetic insulator state at higher temperatures to a 

ferromagnetic metallic state at lower temperatures (Tp) [1–3].  

Research [4–6] has revealed that the magnetism of Mn in 
manganites exhibiting CMR is influenced not only by the 

ferromagnetic DE interaction but also by the superexchange 

(SE) interaction mediated via O ions bridging Mn ions. It is 

established that Mn3+-O2--Mn4+ interactions lead to 

ferromagnetism, whereas both Mn3+-O2--Mn3+ and Mn4+-

O2--Mn4+ interactions result in antiferromagnetism. 

Furthermore, these interactions are further complicated by the 

presence of dopants, which introduce additional complex 

interactions between the central Mn ions and the dopant ions 

[7]. These intricacies significantly impact the magnetic 
behavior of the system [8–10]. 

Complex magnetic behavior often emerges in mixed-valence 

manganites synthesized through full doping, where a delicate 

interplay exists between double exchange (DE) and 

superexchange (SE) interactions. The fundamental magnetic 

and transport properties of these materials are highly sensitive 

to both the geometry of the Mn–O–Mn network and the 

Mn³⁺/Mn⁴⁺ ratio. While extensive research has focused on 
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substituting La with other rare-earth elements, comparatively 

fewer studies have examined doping at the Mn site. 

Considering the pivotal role of Mn in the conduction 

mechanism, partial substitution with other transition metals 

can provide deeper insights into the underlying physical 

processes [11-18]. In this work, we investigate the effects of 

indium (In) doping on the structural, electrical, and magnetic 
properties of La0.67Sr0.33MnO3. Detailed analyses of electrical 

resistivit]y, magnetic behavior, and microstructural 

characteristics reveal the influence of In incorporation on the 

double exchange mechanism and overall magnetic ordering. 

The importance of this article lies in improving the 

thermoelectric properties of solar Photovoltaic cells [19-24], 

which are expected to play a pivotal role in the transition 

towards renewable and environmentally friendly energies, as 

photovoltaic solar cells are projected to exceed 50% of the 

total installed renewable energies worldwide by 2025 [25-38]. 

EXPERIMENTAL AND METHODOLOGY 
Polycrystalline compounds with the composition 

La0.67Sr0.33Mn1-xInxO3 were synthesized using the solid-state 

reaction method. High-purity powders of La2O3, SrCO3, 

MnO2, and In2O3 (greater than 99.9%) were thoroughly mixed 

and ball-milled in acetone for 24 hours. The mixture was then 

dried in an oven at 110 ºC for 12 hours to obtain a fine and 

homogeneous powder. The prepared powder, corresponding to 

the target composition La0.67Sr0.33Mn1-xInxO3, was calcined in 

air at 900 ºC for 12 hours, with a heating rate of 3ºC/min. 

Following calcination, The material was ground for 20 minutes 

and subsequently sieved through a 45 µm sieve. Following 
this, pellets were fabricated by pressing 1.2 g of the powder 

under a hydraulic press with a force of 30 kN, resulting in 

discs measuring 10 to 12 mm in diameter. These pellets were 

sintered at 1300 ºC for 24 hours, employing a controlled 

heating rate of 2 ºC/min. After the sintering process, the 

samples were allowed to cool naturally to room temperature. 

Sample characterization was conducted using an X-ray 

diffractometer (XRD, Philips PW1830) equipped with Cu Kα 

radiation. The scanning angles (θ) were set between 20º and 

80º. Electrical resistance measurements were carried out via 

the conventional four-probe technique over a temperature 

range of 20 K to 300 K in the absence of magnetic fields. The 
instrumentation for these measurements included a Lake Shore 

330 auto-tuning temperature controller, a Keithley 128 

sensitive digital voltmeter, a Keithley 224 programmable 

current source, a Keithley 7001 switch system, and automated 

PC-based control software. Additionally, AC susceptibility 

measurements were performed using a Lake Shore Cryotronics 

AC susceptometer (Model 7000) across a temperature range of 

30 K to 300 K. Measurements were taken under an alternating 

magnetic field ranging from 0.1 Oe to 10 Oe at a frequency of 

125 Hz. 

RESULTS AND DISCUSSION 

The samples of LSMInO were characterized with the x-ray 

diffractometer using (CuKα) x-ray in order to see the structure 

of the samples with λ=1.54056 Å. Figure 1, shows the XRD 

spectrum of each sample at 2θ ranged from 20o-80o. The 

samples have similar single-phase behavior and exhibited 

almost the same peaks reveals similar pattern to undoped 

sample. All the samples are in rhombhedral form of perovskite 

structure. Based on the XRD analysis, the lattice parameters 

and unit-cell volumes were calculated using the Chekcell 

program, as summarized in Table 1. A noticeable decrease in 

unit-cell volume is observed with increasing doping 

concentration, reducing from 116.66 Å³ to 114.49 Å³ 
compared to the undoped sample. This contraction in volume 

is consistent with findings reported by other researchers.  

All samples maintain a rhombohedral perovskite structure. The 

substitution of In ions at the Mn sites, particularly at higher 

doping levels, results in a reduction of the unit-cell volume in 

LSMInO manganites, the overall reduction in unit cell volume 

with increased x could be due to other structural adjustments 

or the interplay of different ionic sizes [39,40].  

Figure 1: XRD spectra for the LSMInO samples 

Table 1: Lattice parameters, a=b=c and unit-cell volume of LSMInO 
samples 

Concentration (In) a (Å) V(Å)3 

0.00 5.471 116.66 

0.15 5.460 114.80 

0.20 5.458 114.49 

The resistance versus temperature curves for (LSMInO) in the 
absence of an external magnetic field are presented in Figure 2, 

comparing undoped samples with those doped with indium 

content (≤ 0.20). The undoped sample exhibits a metal-

insulator transition, with maximum resistance observed at Tp 

(365 K). 

Figure 2: The relationship between resistance and temperature for 
LSMInO samples 

However, this is not shown in the figure due to the 

measurement apparatus being limited to a range of up to 300 

K. As the indium concentration increases to 0.20%, the 

resistance decreases, and the Tp shifts to a lower temperature, 

dropping from 365 K to 245 K. Nonetheless, all samples 

display metallic behavior below Tp. 

As the Indium content increases, both Tc and Tp decrease, 

indicating a general weakening of the ferromagnetic double 
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exchange (DE) interaction between In³⁺ and M³⁺ in the 

formation of In³⁺-O²⁻-M³⁺.Simultaneously, there is an 

increasing influence of antiferromagnetic interactions resulting 

from superexchange. The magnetic and electrical phase 

diagram of the LSMInO samples is constructed by plotting Tp 

and Tc as functions of the Indium content, as demonstrated in 

Figure 3. When the Indium concentration reaches x = 0.20, 
both Tc and Tp begin to decrease consistently. Tp exhibits a 

more significant decrease compared to Tc. As a result, in the 

region between Tc and Tp, the PMM state transitions to the 

FMI state when the doping level reaches x = 0.20. 
 

Figure 3: The variation of Tc and Tp with Indium content (x) in the 
samples 

 

The temperature range of 30–300 K measured at a frequency 

of 125 Hz, along with susceptibility data at 5 Oe, is illustrated 

in Figure 4. For the undoped sample (x = 0.00), the Curie 

temperature (Tc) was found to be approximately 365 K, 

exceeding the operational range of the measurement system, 

which was limited to 300 K;hence, it is not shown in the 

figure. During the cooling process, a phase transition from 

paramagnetic to ferromagnetic was observed for x = 0.15 and x 
= 0.20, with corresponding Tc values of 287 K and 279 K.  

 

 
 
Figure 4: The AC susceptibility of LSMInO samples, measured at 5 

Oe 

 

These results demonstrate that ferromagnetic materials 

transition to a paramagnetic state as the temperature surpasses 

Tc. Additionally, the ferromagnetic characteristics of the 

sample diminish as the indium content increases. This occurs 

due to the progressive disruption of Mn3+-O2--Mn4+ bonds, 

leading to the localization of eg electrons in Mn3+ ions. As a 

result, increasing levels of indium weaken the double exchange 

interaction within the sample, thereby reducing the 

ferromagnetic alignment of electron spins at lower 

temperatures. 

The microstructure of LSMInO samples with (x≤0.20) are 

shown in figure 5(a, b and c). The purpose of SEM analysis is 
to determine the physical parameters of grain size, grain 

growth and porosity. The microstructures of all the samples 

were investigated at the magnification of 2000X. The undoped 

sample with x=0.00 shows the grain size with an average of 15 

µm. The samples show some pores and the surface becomes 

fused. As Indium concentration increases to x=0.20, the grain 

becomes smaller of about 2 µm with grain agglomeration.  

 

 

Figure 5a: SEM image of the microstructure of LSMInO sample 

(x=0.00) 

 

 
Figure 5b: SEM image of the microstructure of LSMInO sample 

(x=0.15) 

 

 
 

Figure 5c: SEM image of the microstructure of LSMInO sample 

(x=0.20) 
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CONCLUSION 

In this study, the impact of Mn substitution in    La2/3Sr1/3Mn1-

xInxO3samples with x= 0.00, 0.15, and 0.20 reveals a 

competition between double exchange (DE) ferromagnetism 

and superexchange antiferromagnetism. This interaction 

results in a reduction of the Curie temperature (Tc) as the 

doping concentration increases. All samples display a shared 
characteristic of transitioning from a paramagnetic (PM) state 

to a ferromagnetic (FM) state. Furthermore, as doping levels 

rise, the metal-insulator transition temperature decreases from 

above 300 K for          x = 0.00 to lower values. Additionally, 

an expansion in unit-cell volume is observed with increasing x, 

attributed to the larger ionic size of In3+. The system also 

exhibits a decrease in unit cell volume as x increases could 

result from other structural modifications or the interaction 

between varying ionic sizes. This study primarily analyzed 

indium concentrations up to x = 0.20. However, extending the 

scope to include higher doping levels may offer a more 

thorough insight into their influence on magnetic properties 
and structural phase transitions. Also, may be sophisticated 

microscopy methods like transmission electron microscopy 

(TEM) and atomic force microscopy (AFM) to conduct in-

depth microstructural analysis. These techniques can uncover 

valuable details about grain boundary features and their 

influence on magnetic properties. 
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