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Abstract 
 
We have investigated the effect of Fe3+ substitution on electrical 

and magnetic properties of La0.67Ba0.33Mn1-xFexO3 (0 ≤ x ≤ 0.2) 
manganese perovskites. Polycrystalline samples were prepared by the 
conventional ceramic method at 1180°C. Grain size and phase 
identification of specimens were carried out by X-ray diffraction 
techniques and morphological analysis by scanning electron 
microscope (SEM). The structure refinement by the Rietveld method 
revealed that all the compounds are a single phase manganite 

crystallizing in a rhombohedral (R3c) perovskite structure. 
Magnetization as a function of temperature, M (T) in zero field 
cooled (ZFC) mode, shows a paramagnetic (PM) to ferromagnetic 
(FM) phase transition below 10% iron concentration and a spin glass-
behaviour above. Magnetization as a function of magnetic field 
measurement at 10K shows that below 10% Fe3+ doping, the materials 
exhibit a strong ferromagnetic behaviour, while above that 
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concentration; aantiferromagnetic behaviour is predominant for 
specimens. Electrical-resistivity measurement in the temperature 
range 80 - 320K shows metal – semiconductor transition at peak 
temperature TP below 10% Fe3+ ion doping with a decrease in TP and 
an increase in the maximum of resistivity (max). Above 10% Fe3+ 

amount the materials exhibit only a semiconductor-like behaviour. 
Interestingly, with the increase in doping concentration, TC and TP 
follow the same trend indicating coupling of electric and magnetic 
properties. Changes in these properties have been analysed on the 
basis that the substitution of Fe3+ for Mn3+ reduces the number of 

available hopping sites for the Mn eg   electron and suppresses the 
double exchange (DE), rather than lattice effect which is insignificant 
due to similar ionic radii of Fe3+ and Mn3+.  

 
Keywords: Iron doping rate, X-ray diffraction; Magnetic and electrical 
properties. 
PACS: 76.30.Fc, 78.70.Ck, 73.61.-r. 
   
 

1. Introduction 
 

Recent observations of the colossal magnetoresistance (CMR) 
and other intricate physical properties in perovskite manganese oxides 
R1-xAxMnO3 (R- trivalent rare earth, A – bivalent ion) have triggered 
renewed attention to this class of materials [1-4]. The manifestation of 
CMR around the paramagnetic to ferromagnetic transition 
temperature (TC) is the generic feature of the systems with x 0.3. In 
order to explain such behaviour, the double exchange (DE) model 
was initially proposed [5-7]. However, the recent study [8] has 
pointed out that DE alone cannot explain the CMR behaviour of the 
manganites oxides and a strong Jhan-Teller effect (the strong 
electron-phonon interaction) also plays an important role in CMR. As 
is well known, LaMnO3 has basically an antiferromagnetic insulator 
(AFI) characterized by a super exchange (SE) coupling between Mn3+ 
ions. By changing the oxygen stoichiometry or by substituting a 
divalent cation (A2+) in place of La3+ a percentage of Mn4+ ions 
appears and LaMnO3 can be driven into a metallic state, meanwhile, it 
exhibits a ferromagnetic ground state, which was ascribed to DE 
between Mn ions in Mn3+-O-Mn4+ couples. As the nearest-
neighbouring compound of LaMnO3, the perovskite iron oxide 
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LaFeO3 has similar magnetic and transport properties, i.e., insulating 
and antiferromagnetic, however the hole-doped La1-xAxFeO3 
continues to have an antiferromagnetic ground state and remains 
insulating even at the maximum extent of hole - doping [9]. It is 
worth pointing out   that Mn3+ and Fe3+ have almost identical ion size 
[10]. In the last few years, extensive studies have been carried out by 
doping at Mn- site by various researchers [11-17]. They have 
suggested that Mn-site doping hampers the DE mechanism forcing 
the change in magnetic properties and influences the polaronic 
transport which causes change in polaron hoping distance and also the 
polaron concentration. Most of the studies on the Fe-substituted-
lanthanum manganites have been focused on La1-xSrxMnO3 [18-21] 
and La1-xCaxMnO3 [22-25] systems. Contrarily the Fe-doped La1-

xBaxMnO3 system is much less investigated though it was the material 
of the initial discovery of the CMR effect in the form of thin films [1]. 
Previously low percentage doping of Fe (x  0.1) in La0.67Ba0.33Mn1-

xFexO3 manganites has been studied [11]. In order to more investigate 
structural, magnetic and electrical properties, especially to determine 
the limiting value of Fe doping, which eliminates the metal-
semiconductor (MS) transition, we have attempted to study the 
substitution of higher concentration of Fe at Mn-site in 
La0.67Ba0.33Mn1-xFexO3 (0  x  0.2). Fe was chosen as the dopant 
because the ionic radii of Mn3+ and Fe3+ are close to each other, so it 
is expected that the crystalline structure remains almost not modified 
by Fe substitution. Consequently lattice effects may be ignored and 
effects due to the variation in electronic structure become accessible. 
Fe may therefore be used as a control parameter to vary the magnetic 
and transport properties of these manganites. 
 
 

2. Experimental  
 

Perovskite manganese oxides with nominal composition 
La0.67Ba0.33Mn1-xFexO3 ( 20.x0  ) were prepared by standard 
ceramic solid state reaction at 1180°C. The microstructure was 
observed by scanning electron microscope (SEM). Powder X-ray 
diffraction (XRD) patterns were carried out with a ‘’PANalytical 
X’Pert Pro’’ diffractometer with filtered (Fe-filter) Co radiation. Data 
for the Rietveld refinement were collected in the 2θ range 10° - 100° 
with a step size of 0.017° and a counting time of 18 s per step. The 
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structure refinement was carried out by the Rietveld analysis of the 
powder XRD data with the FULLPROF software [26]. The 
temperature dependence of the magnetization, M (T), was measured 
under a constant magnetic field (0.05 T) with ZFC mode in the 10-
400K and 10-300K temperature ranges, respectively  for non doped 
compound (x=0) and  doped compounds (x=0.05 - 0.2) using a linear 
extracting magnetometer equipped with a superconducting coil. On 
the same apparatus, the magnetization as a function of magnetic field 
M (H) measurements were carried out  at 10K in the 0 - 10 T 
magnetic field range. Resistivity of the samples was measured with 
the conventional four probe method in the 80-320 K and in 80-300 K 
temperature ranges, respectively for non doped compound and doped 
compounds. 
 
 

3. Results and discussion 
 
3.1  Structural properties 

 
Fig. 1 exemplifies the XRD patterns for x = 0 and x = 0.15 

compounds. All La0.67Ba0.33Mn1-xFexO3 samples show single phase 

character where the hexagonal setting in rhombohedral cR3  
symmetry is used for indices of diffraction lines of the manganites. 
The position of the most intense peak (lower inset of Fig. 1) has a 
negligible shift with varying Fe composition, indicating that the cell 
volume of La0.67Ba0.33Mn1-xFexO3 specimens should be not affected by 
Fe doping. This inset shows also a little increase in peak broadening 
as a function of Fe amount, which may not considerably affect the 
grain size in these manganites. 
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Fig.1: Powder XRD pattern for x = 0 an 0.15 La0.67Ba0.33Mn1-xFexO3 compounds at 
room temperature. Indexing of the rhombohedral manganites corresponds to the 
hexagonal setting. The lower inset shows X- ray diffraction profiles for the most 
intense peak. The observed and calculated XRD patterns obtained by Rietveld 
analysis for x = 0.15 specimen is shown in the right upper inset. The upper left inset 
represents SEM micrographs for x=0.1 and 0.2 compositions. 

 
The average crystallites sizes were calculated using the XRD data 
applying Rietveld refinement formula  
 

IG
GS 

180
        (1) 

 
where  is the X-ray wave length and IG is the Gaussian size 
parameter given by Rietveld refinement. As it can be seen in table 1, 
the size of the crystallites is estimated to be between 40 and 50 nm 
when Fe amount varies between 5% and x = 20%, and hence no 
noticeable size effect was introduced by Fe doping. SEM micrographs 
(left inset of Fig 1) show that the samples are constituted of 
homogenous particles, ranging in size between 0.5 and 5µm and all 
compounds present an almost equal average grain size, significantly 
bigger than the values determined by XRD. This is because 
observations by imaging techniques such as SEM often give the size 
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of the secondary particles, and the X-ray line broadening analysis 
disclosed the size of primary particles. Rietveld structure refinement 

was performed in the hexagonal setting of the rhombohedral cR3  
space group (number 167), in which the (La, Ba) atoms are at 6a (0, 
0, 1/4) position, (Mn, Fe) at 6b (0, 0, 0) and O at 18e (x, 0, ¼). A 
typical example of the observed and calculated diffraction profiles of 
the sample with x = 0.15 is shown in the right upper inset of Fig. 1. 
Detailed results of this refinement are listed in table I.  
 
 
Table 1: Room-temperature structural parameters (Rietveld refinement) for the 

rhombohedral cR3 phase La0.67Ba0.33Mn1-xFexO3 ( )2.00  x ; W is the band 

width, GS is the estimated average grain size;  Rwp, Rp and RF are the residuals for 
respectively the weighted pattern, the pattern and the  structure factor; χ2 is the 
goodness of fit. The numbers in parentheses are estimated standard deviations to the 
last significant digit. 

 

x 0 0.05 0.1 0.15 0.2 

                     

a (nm) 
c (nm) 
V (nm3) 
 
(La/Ba)  Biso (nm2) 
(Mn)      Biso (nm2) 
(O)                x 
              Biso (nm2) 
 
d(Mn,Fe)-O (nm) 
Θ(Mn,Fe)-O-(Mn,Fe)(°) 
W(a.u) 
GS (nm) 

 
 
0.55191(3) 
1.35509(9) 
0.35752(3) 
 

0.00036(5) 
0.00298(71) 
0.00609(0) 
0.512 (2) 
0.0101(14) 
0.00870(0) 
 
0.1953(2) 
176.27(3) 
170.52(3) 
303 
61 

 

0.55353(2) 
1.35240(8) 
0.35886(3) 
 

0.00531(0) 
 

0. 529 (1) 
 

 
 
0.1962(6) 
 

298 
41 

 

0.55350(4) 
1.3520 (1) 
0.35872(5) 
 
 
0.002(0) 
0.002(0) 
0. 525(2) 
0.01614(0) 
 

0.1960(7) 
171.90(3) 
299 
55 

 

0.55258(2) 
1.35724(7) 
0.3589(3) 
 

0.001(0) 
0.0099(6) 
0.538(2) 
0.00803(18) 
 

0.1966(1) 
167.74(5) 
295 
50 

 

0.55291(1) 
1.35869(6) 
0.35971(2) 
 

0.0019 (3) 
0.0097(5) 
0.467(2) 
0.00860(13) 
 

0.1965(1) 
169.44(4) 
296 
43 

 
Rwp (%) 
Rp (%) 
RF (%) 
χ2 (%) 

 
3.11 
2.35 
2.54 
1.36 
 

 
2.62 
2.03 
2.23 
1.02 
 

 
2.78 
2.15 
2.96 
1.08 

 
3.01 
2.33 
3.49 
1.17 

 
2.40 
1.83 
1.56 
1.58                
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We can see from the results indicated in table I that the cell 
volume is slightly varying between 0.35886(3) nm3 for x=0.05 and 
0.35971(2) nm3 for x=0.2, so no noticeable structural change by Fe 
doping can be identified. According to Jonker and Ahn et al. [27, 28] 
iron enters into samples as Fe3+. These Fe3+ ions will replace the Mn3+ 
ions present in the samples. As Mn3+ and Fe3+ have almost the same 
ionic radius of 0.645Å [10], little or no change in the lattice 
parameters by Fe doping is to be expected. On the other hand the 
bandwidth (W) which is characterized by the overlap between the 
Mn3d and O2p orbital and which can be described empirically by:   
 

 

 
  53.

2

1

d

) π(cos
).(

OMn

Mn--OMnuaW







 [29]       (2) 

 
remains almost independent of iron substitution (298 a.u for x=0.05 
and 296 a.u for x=0.2). Consequently lattice effects on magnetic and 
electrical properties may be ignored in these materials. 
 
 

3. 2 Magnetic properties  
 

 
 
Fig.2. M (T) curves for La0.67Ba0.33Mn1-xFexO3 (x = 0- 0.2) at 0H= 0.05 T magnetic 
field in ZFC regime. The arrows indicate spin glass-like at around 50 K for 
compounds with higher Fe3+ concentration. The upper inset is the dM/dT curve for 
x=0 specimen. The lower inset shows M (H) curves at 10 K for all specimens.  
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Fig. 2 presents the temperature dependence of magnetization 
measurements, M(T), performed for La0.67Ba0.33Mn1-xFexO3 (0  x  
0.2) samples on heating in a field of 0.05T after cooling without field 
(ZFC). As shown in Fig. 2, paramagnetic (PM) to ferromagnetic (FM) 
phase transition is observed at Curie temperature, TC ,

 below 10% iron 

concentration. TC of the samples was determined from peak of  
dT

dM
  

vs. T representation (the upper inset). TC value (332K) for pure 
sample (x=0), is 18K lower than that earlier reported by  Osthöver et 
al. [11] whose have been investigated low percentage doping of Fe3+ 
(x  0.1) in La0.67Ba0.33Mn1-xFexO3 and have shown that TC decreases 
from 350K for x=0  to 210K for x = 0.1. Such difference with our 
results may be due to relatively low temperature annealing (1180°C) 
if compared with their specimens heating (1400°C). Interestingly, 
relatively low annealing temperature makes TC to be near the ambient 
temperature. For the pure system, the mixed valence can result in 
strong ferromagnetic interaction arising from the Mn3+-O-Mn4+ 
network, which can be explained by the double exchange interaction 
mechanism [5-7]. The TC values extracted from M(T) curves for the 
samples 0  x  0.1 are given in table 2. Obviously, substitution of Fe 
at the Mn- site causes a gradually reduction in Curie temperature. The 
PM - FM phase transition is relatively sharp for the pure sample, 
however, in the mixed systems, x = 0.05 - 0.1, the temperature range 
of PM - FM phase transition becomes broader. This indicates a 
magnetic inhomogeneity due to a wider distribution of the magnetic 
exchange interactions Mn3+-O-Mn4+ network. Additionally, with 
increasing Fe- doping level at Mn-site, the magnetic behaviour of the 
samples with x=0.15 and 0.2 becomes different:  
 

(i) ZFC curves show a sharp cusp of magnetization curves at 
about 50 K marked by arrow, which can be ascribed to 
spin-glass-like induced by competing ferromagnetic DE 
interaction and antiferromagnetic SE interaction [30]. 
Such cusp is not significant below 10% iron 
concentration.  
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(ii) The onset of M(T) curves for x=0.15 and 0.2 specimens 
show that the PM-FM phase transition was disappeared, 
so it seems that there is a limit value of iron concentration 
(x=0.1), in iron doped manganites,  which produces such 
transition.  

 
This is confirmed by our  M(H) measurements at 10K (see the 

lower inset of Fig. 2) which shows that below 10% Fe3+ level-doping, 
the materials exhibit a strong ferromagnetic behaviour, while above 
that concentration an antiferromagnetic behaviour is predominant for 
specimens. This behaviour is consistent with early experimental 
Mössbauer spectroscopy studies [21, 31] which have been shown that 
the magnetic moments of Fe3+ are coupled antiferromagnetically to 
the ferromagnetic Mn-O lattice. So such disappearance of  magnetic 
transition and hence the establishment of an antiferromagnetic 
behaviour for high doping concentration should be ascribed to high 
probability of encountering Fe3+-O-Fe3+ antiferromagnetic interaction. 
The experimental magnetic saturation moment at 10K (Ms

mes) for our 
studies are determined by extrapolating the linear part of high field 
(10T) magnetization curves to zero field [32]. The observed Ms

mes
 

values given in table II are close to those calculated Ms
calc according 

to Eq. 3:  
 
 

  
2

3
330cos

2

5

2

4
6702

330cos670 433







 

 

.αx x).(μ

M.αxMx)M.(

B

MnFeMn

calc

s /f.u)B(μM
    

 
                   

It seems from the results indicated in table II that the magnetic 
moments of Fe3+ are not completely antiferromagnetically coupled ( 
≠ ) to the ferromagnetic Mn-O lattice, so a spin canted state should 
be  established between Fe3+ and Mn3+, with an increase in canting 
angle  when the amount of Fe3+ increases. This phenomenon of 
limiting value of Fe3+ amount which destroys the PM-FM transition is 
consistent with our electrical investigations as discussed in section 
3.3. 
 
 

(3) 
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3.3 Electrical properties 
 

 
 
Fig. 3: The temperature dependence of the electrical resistivity  (T) for 
La0.67Ba0.33Mn1-xFexO3 (x = 0- 0.2). The arrow indicates metal-semiconductor 
transition temperature TP. The left inset is the plot of  vs. T in linear scale that 
clearly shows metal- semiconductor transition for pure sample. The right inset is the 
plot of  vs. T for samples above 10% iron amount showing semiconductor 
behaviour in all temperature range. 
 
 

The variation of electrical resistivity with temperature in 80-300K 
temperature range for x = 0.05- 0.2 doped compounds and in 80-320K 
temperature range for pure sample is shown in Fig. 3. The samples 
with 0  x  0.1 Fe concentrations exhibit a metallic behaviour (i.e. 
d/dT 0) at low temperature. With rising temperature, metal-
semiconductor transition is seen at TP, indicated by arrow (the left 
inset shows more clearly the transition for pure sample), where d/dT 
 0 for a semi conductor behaviour. The maximum resistivity max 
(peak value) increases and TP shifts to lower temperature as x 
increases (see table II). We can see in table II that TC and TP follow 
the same trend indicating coupling of electric and magnetic 
properties. No metal – semiconductor (MS) transition was observed 
above x=0.1 Fe amount (see the right inset of Fig 3), so x=0.1 iron 
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concentration should be the limiting value that destroys the 
ferromagnetic-metallic (FMM) – paramagnetic- semiconductor (PS) 
transition in these compounds. This behaviour was encountered in 
previous works, Nd0.7Sr0.3Mn1-xFexO3 (x = 0 - 0.15) [20] and 
La0.7Ca0.3Mn1-xFexO3 (x = 0 - 0.12) [33].  
 
 
Table 2: Curie temperature TC, experimental and calculated magnetic saturation 
moments MS

mes and MS
cal, the canting angle , the peak of resistivity max  and the 

metal – semiconductor transition temperature TP.  

 
 

The decrease in TC and TP with Fe doping in our specimens 
should be ascribed to the decrease of the ratio Mn3+/Mn4+, which 
greatly weakens the influence of Mn3+-O-Mn4+ DE interactions [21, 
34]. The behaviour of the samples can be explained by considering 
the electronic band structure of the material. The configuration of d 
electrons in transition metal oxides is determined by the internal 
crystal field. In an octahedral field, the d level split into t2geg and 

t2geg. The electronic configuration is  13
2 gg et , 3

2gt  and 

 23
2 gg et respectively for Mn3+, Mn4+ and Fe 3+. Thus the eg band 

of Mn is electronically active, where electron hopping occurs between 
Mn3+ and Mn4+.  Simultaneous existence of Fe3+, Mn3+ and Mn4+ 

indicates that the Fe eg band is full and the Mn eg  band is half 
filled. The Fe eg band remains fully filled only if the Mn eg  band 
has charge carriers. This implies that the bottom of the Mn eg band 
should be at the same level as, or higher than, the top of the Fe eg 
band. For our materials, there are 0.67-x electrons in Mn eg  band, 
which has a capacity of two electrons, hence the (0.67-x)/2 part of Mn 
eg  band is also filled. So (assuming uniform filling in the band) the 
highest filled state in Mn eg  (Fermi level) will be (0.67-x)/2 eV 

x               TC(K)         TP(K)        ΔT = TC - TP       MS
mes (µB)         MS

ca l(µB)       (°)      
max(cm)       
0                 332            297                35                      3.61                    3.67             -              
0.026                                                
0.05            271            230                41                      3.44                    3.43           100            
0.25             
0.1              171            114                56                      3.12                    3.11           108             42     
0.15              -                  -                  -                        2.58                    2.59           130              -      
0.2                -                  -                  -                        1.92                    1.93           160              -      
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above the top of Fe eg band. It is clear from this energy that there are 
no states on Fe3+ which can participate in electron hopping from Mn. 
Consequently, the doping of Fe results in depletion in the number of 
hopping electrons and hence weakens the DE interaction, which 
suppress metallicity and push the system in semiconductor side [28]. 
 
 

4. Conclusion 
 

We have prepared La0.67Ba0.33Mn1-xFexO3 (0 ≤ x ≤ 0.2) manganese 
oxides by ceramic method at 1180°C. XRD structure analysis and 
SEM morphological investigation have been shown that the relatively 
high Fe3+ doping - level don’t affect both structure parameters and 
grain sizes of  these manganites due to similar ionic radius of Mn3+ 
and Fe3+. Magnetization investigations both with temperature M(T), 
and with magnetic field M(H), show a (PM) to (FM) phase transition 
at TC and with a strong ferromagnetic behaviour at low temperature  
as shown by M(H) curves for x = 0 - 0.1compounds. No magnetic 
transition was observed above 10% iron concentration and a spin 
glass-like was observed at low temperature. For such concentrations 
M(H) curves clearly show that an antiferromagnetic behaviour is 
predominant. Electrical properties are very consistent with magnetic 
ones, particularly the transition from metallic to semi conductor 
behaviour at TP occurs for the same concentrations which exhibiting 
magnetic transition. Interestingly, with the increase in doping 
concentration, TC and TP follow the same trend indicating coupling of 
electric and magnetic properties. Changes in these properties have 
been analysed on the basis that the substitution of Fe3+ for Mn3+ 

reduces the number of available hopping sites for the Mn eg  
electron and suppresses the double exchange (DE), rather than lattice 
effect which is insignificant due to similar ionic radii of Fe3+ and 
Mn3+.  
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