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Nd0.66 (Sr1-xLix)0.34FeO3 series were synthesized using standard ceramic method. The 

properties of such materials were characterized by XRD and the results revealed that there 

are two phases; the major phase was neodymium iron oxide perovskite and the second 

phase was iron oxide. The crystal structure was refined by the Rietveld method using 

MAUD software.  It was found that the fraction of neodymium iron oxide perovskite 

slightly decreases while the iron oxide phase increases with increasing Li concentration. 

The energy gap values of the samples have been calculated and it was found that it 

decreased as Li increased. The electrical conductivity increases with increasing both Li 

content and temperature. The activation energy has been calculated from the electrical 

conductivity and it was found that, it deceases with increasing Li content. The magnetic 

susceptibility shows non-linear variation with Li concentration. 
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1. Introduction       
 

 Perovskite type metal oxides are widely studied both theoretically and experimentally due 

to very broad range of electrical properties from insulators to superconductors [1–5], metal to 

insulator transitions [6], magnetic properties [7], magneto-resistive properties [8,9], 

electrochemical and catalytic properties [10]. These properties make these materials important for 

numerous hi-tech applications such as solid oxide fuels cells [11–13], gas sensors, catalysis [14, 

15], spin valves, magnetic field sensors [16], environmental monitoring applications [17] and 

spintronics devices [18].Solid oxide fuel cells (SOFCs) have been considered for long time as 

efficient devices for the direct conversion of the chemical energy of a fuel into electrical power, 

combining the benefits of environmentally friendly power generation with the advantage of fuel 

flexibility [19]. Conventional SOFCs used to operate at high temperatures (800–1000 °C) to 

maximize fuel conversion but this is also the origin of several long term problems, such as the 

interfacial reaction between the cathode and the electrolyte, and the degradation of the anode via  

particle coarsening.     

Doping can bring about changes in conductivity, oxidation states, bond lengths, bond 

angles, lattice distortions, lattice parameters, phase transitions and controls the properties of any 

material. In the case of AFeO3orthoferrites, (whereA¼ rear earth cation,e.g. La, Nd, Y, etc.), 

doping at A-site with alkaline earth metals (such as Ca or Sr) increases the electronic and ionic 

conductivities due to hole formation or formation of oxygen vacancies depending upon the 

synthesis conditions. In the past few decades much attention has been given to doped and undoped 

NdFeO3 orthoferrites and the effects of doping on the structural, electrical and magnetic properties 

have been investigated [20,21]. 

The characteristic of perovskite related ion oxides [22-24] are known to vary with the 

various heating conditions such as heating in air, oxygen or vacuum, maximum heating 

temperature, and cooling conditions like slowly cooling or quenching. 
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Because of essential properties of the perovskite related iron oxides like high electrical 

conductivity, existence of mixed valencies of transition metals and durability in alkaline bath, they 

can be used as sensors or electrode for electrocatalyst and photochemistry [25-27]. This work aims 

to study the effect of Li doping on the structural, optical, electrical and magnetic properties of 

NdSrFeO3 prepared by solid state reaction. 

 

 

2. Experimental  
 

X-ray powder diffraction data were collected at ambient temperature in step scanning 

mode, using a computer controlled X-ray diffractometer ((PANalytical, Empyrean, Netherlands) 

with Cu kα-radiation (λkα = 1.5406 Å) operated at 30 mA and 45 kV. The powder diffraction 

patterns were scanned in the 2Ө range of 20–100°, with scan step 0.013 and counting time 20 

s/step. Diffuse reflection measurements were done in the wavelength range from 300 nm to 1600 

nm using Jasco (V-570) spectrophotometer.    The A.C. conductivity was measured using a 

computerized LCR circuit type (Hioki 3532-50 LCR Hi-Tester, Japan) with frequency range 42 Hz 

- 5 MHz and over the temperature range from room temperature to 625 K. A vibrating sample 

magnetometer model 9600-1-VSM was used for the magnetic properties measurements. 

 

 

3. Preparation 
 

Polycrystalline Nd0.66 (Sr1-xLix) 0.34 Fe O3 (where x = 0.05, 0.1, 0.2 and 0.3) samples were 

synthesized using standard ceramic techniques, using high purity (99.99%) Nd2O3, SrCO3, Li2CO3 

and Fe2O3 obtained from Sigma-Aldrich. To get a homogenous mixture, stoichiometric amounts of 

the starting materials were mixed followed by grinding. Circular pellets of 1.5 cm diameter and ~ 

2 cm thickness were fabricated under pressure of 3 ton/cm
2
.  The mixtures of oxides and 

carbonates were heated in air first at 1000
◦
C and then at 1200

◦
C for 2 days with intermediate 

grindings. Heating rate was maintained at 5 
◦
C/ min during sintering at each temperature, while all 

samples were cooled in closed off furnace. 

 

 

4. Results and discussion 
 

4.1. Structural 

 

Figure (1) shows the collected powder patterns of Nd0.66 (Sr1-xLix) 0.34 FeO3 (x = 0.05, 0.1, 

0.2 and 0.3). The obtained powder profiles were analyzed using the PANalytical X'Pert High 

Score Plus package [28]. The patterns background, peak positions and integrated intensity of each 

peak were accurately determined before further analysis. The phase composition of the diffraction 

patterns were identified using the ICDD powder diffraction database (PDF-2, 2010) and search-

match algorithm which included in the High Score Plus package. Rietveld quantitative analysis 

was performed using MAUD software [29]. The instrumental profile parameters were derived by 

the XRD data of a standard quartz sample.      
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Fig.1 X-ray powder diffraction patterns of Nd0.66 (Sr1-xLix) 0.34FeO3. 

 

 

    The phase identification analysis by assigning the best-fitting of ICDD cards in both the 

relative intensity and peak position has revealed the formation of minor phase plus the main phase. 

The major phase was neodymium iron oxide perovskite structure matched with the ICDD (01-074-

8963) and the second phase was iron oxide, according to the ICDD card (03-065-0390). Results of 

the Rietveld quantitative analysis with the reliability factors (Rwp/Rp/S) are given in table (1), also 

representative pattern of Rietveld quantitative refinement is shown in Fig. (2). It can be noticed 

clearly, that the fraction of neodymium iron oxide phase slightly decreases while the iron oxide 

phase increases with increasing the dopant concentration, which means that it needs higher energy 

in order to form the required phase. 

 
 

Table 1 Rietveld quantitative results of the series Nd0.66 (Sr1-xLix) 0.34 Fe O3,( x = 

0.05, 0.1, 0.2 and 0.3). 

 

X Nd0.66(Sr1-xLix) 0.34FeO3 % Fe2O3 % Rwp/ Rp/ S 

0.05 98.85727 1.5298299 12 / 7 / 1.16 

0.1 96.10497 3.8950262 13 / 7 / 1.18 

0.2 95.05932 4.940685 12 / 7 / 1.11 

0.3 76.67689 23.323112 15 / 6 / 0.99 
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Fig.2 Representative Rietveld quantitative refinement plot of Nd0.66 (Sr0.95Li0.05)0.34FeO3. 

 

 

4.2. Optical Properties 

 

Diffuse reflectance was carried out over the region 300-1600 nm at room temperature. The 

spectra within the entire frequency range are shown in Fig.(3). An examination of the shapes of the 

curves showed the striking resemblance among them. So it is reasonable therefore to conclude that 

the corresponding peaks are caused by the same transition mechanism in each material. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Log k/s versus the wavelength λ for Nd0.66 (Sr1-xLix) 0.34FeO3. 

 

 

  Discussing the absorption spectra obtained, there is an evidence of energy gap between 

the end of emission and the beginning of absorption. According to Tandon [30], the energy 
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coordination of the point on the low energy side of the curve at which the linear increase in (Log 

k/s) starts has been taken as the universal method for deducing the value of the forbidden energy 

gap. The values of the energy gap decrease with increasing the Li content as shown in Fig. (4), and 

tabulated in table (2). 
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Fig.4 The optical energy band gap as a function of Li. 

 

 

Table 2 The calculated values of the optical energy gap of  

Nd0.66 (Sr1-xLix) 0.34 FeO3. 

 

Optical energy gap (eV) Composition (x) 

1.91 0.05 

1.76 0.1 

1.72 0.2 

1.69 0.3 
 

 

 

4.3. Electrical Conductivity 

 

The electrical conductivity (σ) of Nd0.66 (Sr1-xLix) 0.34FeO3 series as a function of 

temperature in the range from 300 to 625 K is shown in Fig.(5a, 5b, 5c and 5d). The conductivity 

for the compositions increases with the temperature in this range showing semiconducting 

behavior. The linear variation of log (σ) with 1/T for all samples indicates that the conduction in 

these samples is through thermally activated process. The conductivity of the samples increases 

with increasing the composition parameter x, i.e. Nd0.66 (Sr1-xLix)0.34FeO3 might become more 

conducting with increasing Li content. 
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Fig.5  a,b,c,d: AC conductivity versus temperature for 

Nd0.66 (Sr1-xLix) 0.34FeO3. 

 

 

The temperature dependence of the electrical conductivity can be expressed 

by: 

 

σ = σ0exp (−∆E/ kT)       (1) 

 

in which ∆E is the activation energy , k is the Boltzman constant  and σ0  is the pre-exponential 

factor that contains several constants like the number of charge carriers and the average distance 

between Fe ions. It was found that the conductivity curves displayed a change in slope in the entire 

temperature range. It is known that neodymium ferrite experiences antiferomagnetic to 

paramagnetic transition with a Curie temperature of ~690K [31] and this is the probable reason for 

the change in slope [32]. According to Eq.1, one may expect two different regions of temperatures 

dependence with different slopes both could fit this relation [33]. The first lines are in low 

temperature region from 310 to 454-476 K, while the other lines are in the high temperature range 

from 454 to 476-592 K indicating a transition occur near  454- 476 K.  The activation energies ∆E 

have been calculated from the slope of the lines in Fig.(5). In the lower temperature range, the 

activation energies decrease from 0.149 to 0.042 eV with increasing Li content. Also the activation 

energies in the higher temperature range decrease from 0.495 to 0.147 eV with increasing the Li 

content. The values of the activation energies are included in table (3). 
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Table 3 The calculated values of the activation energy from the electrical conductivity 

Nd0.66 (Sr1-xLix) 0.34 Fe O3. 

 
∆E (eV)  Temperature range (K) Composition (x) 

0.495 

0.149 

 

0.41 

0.076 

 

0.15 

0.045 

 

0.147 

0.042 

310 - 476 

476 -591 

 

313 -454 

454 -581 

 

313 -463 

463-585 

 

313- 471 

471-592 

 

0.05 

 

 

0.1 

 

 

0.2 

 

 

0.3 

 

 

4.4. Magnetic properties 

 

The magnetic hysteresis loops of Nd0.66 (Sr1-xLix) 0.34FeO3 powder have been measured as a 

function of Li concentration (x = 0.05, 0.1, 0.2 and 0.3) at room temperature which are shown in 

Fig.(6a,6b,6c and 6d). Table (4) confirmed that the magnetization Ms, coercivities Hc and 

Retentivity Mr depend on Li concentration. On the other hand, N.Hamed et al.[34] reported that 

the magnetization is reduced with increasing Li content for Nd1-x(Sr1-yLiy)xMnO3. This behavior is 

very similar to that found in fixed valence substituted La1-xCaxMn (Fe/Ge)O3 and there it was 

ascribed to the reduction in the number of active Zener Mn
3+

 -Mn
4+

bonds through the interference 

of the fixed valence sites Fe
3+

 or Ge
4+ 

[35]. 

 
Table 4 The values of Magnetization Ms, Coericivity Hc and Retentivity Mr of 

Nd0.66 (Sr1-xLix) 0.34 Fe O3. 

 
 

 (Mr)emu/g 

 

 (Hc) G 

 

(Ms)emu/g x 

9.114 2239.4 18.03 0.05 

12.41 1973.3 23.1 0.1 

10.960 2411 22.024 0.2 

10.700 1969.2 23.993 0.3 
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Fig. 6 a,b c,d The magnetic hysteresis of Nd0.66 (Sr1-xLix) 0.34FeO3 samples 

at room temperature. 
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Fig. 7 Magnetic susceptibility versus Li concentration. 

 

 

The magnetic susceptibility as a function of Li concentration is shown in Fig. (7). It is 

clear from this figure that the susceptibility shows non linear variation with the composition (x). 

 

 

5. Conclusion 
 

The crystal structure of Nd0.66 (Sr1-xLix) 0.34FeO3compounds was refined by the Rietveld 

method using MAUD software.  It was found that the fraction of neodymium iron oxide perovskite 

slightly decreases while the iron oxide phase increases with increasing Li concentration. The 

energy gap was found to decrease with the increase of Li content. The electrical conductivity of 

the samples increases with increasing both of composition x and temperature.  The activation 

energy calculated from the electrical conductivity and was found that it decrease with increasing 

Li content. The magnetic susceptibility shows non linear variation with the composition x. 
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