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The transport properties and conduction mechanism in La 0.6 Sr 0.4 Mn 1-2x Fe x Cr x O 3 (0 1 x 1 0.3) have been investigated. The undoped samples show metal-semiconductor transition with a peak of resistivity at a temperature T P , whereas for all doped compounds, the semiconducting behavior persists in the whole temperature range. The insertion of Cr 3+ and Fe 3+ ions leads to the increase of resistivity because the simultaneous substitution of Fe 3+ and Cr 3+ for Mn 3+ reduces the number of available hopping sites for the Mn e g2 electron and suppresses the double-exchange mechanism. It was found that the transport mechanism for substituted samples is dominated by the variable range hopping of small polarons between localized states model where the various parameters estimated from Mott's relation obey the variable range hopping (VRH) mechanism.

Introduction

Since the discovery of many interesting phenomena in perovskite manganites such as colossal magnetoresistance (CMR), charge ordering, and orbital ordering, a great amount of effort has been devoted to understanding the unusual electronic and magnetic properties of these materials [1-5]. The Mn ions in mixed valence manganites R 1-x A x MnO 3 (R-Rare earth elements, A-alkali or alkaline elements) play a crucial role in shaping the magnetic properties.

The effect of Mn site doping by other transition elements (T = Ti, Cr, Fe, Co, Ni, Cu, Ru, etc.) or non-magnetic impurities like Al, Ga, i.e. (La 1-x A x )Mn 1-y T y O 3 , has been studied by several groups of authors to understand the nature of magnetic interaction [6-16]. The doping at Mn site by other transition elements gives rise to changes in Mn 3+ /Mn 4+ ratio, which leads to complicated and interesting magnetic and electrical transport behavior and offer an unusual research opportunity for condensed matter physics. Such doping shows the following three effects: first, the doping ions reduce the number of hopping sites, and create cuts in the conduction path; second, the doping ions (or the doping ion and Mn ion) couple by superexchange, antiferromagnetically to the ferromagnetic Mn host lattice; and third, when the Mn sublattice is destabilized by substituting Mn by the other elements, the compounds result in inhomogeneous magnetic systems.

In this work, the choice of Cr 3+ is based on the fact that its electronic structure is the same as that of Mn 4+ ([Ar]3d 3 ). Its ionic radius (0.62 Å) is smaller than the one of Mn 3+ (0.65 Å). For the Fe 3+ ion, its ionic radius is close to the Mn 3+ ionic radius [17]. Fe and Cr are the nearest neighbors of Mn in the Periodic Table and they are non-Jahn-Teller ions. Xiao et al. [18] suggest that there exists a poor DE interaction between Mn 3+ and Cr 3+ at high temperature so that Cr 3+ cannot play the role of Mn 4+ in the Mn 3+ -O-Cr 3+ interaction. Correspondingly, Cr 3+ partially plays the role of Mn 4+ in the low temperature range. However, other authors argued that Mn 3+ -O-Cr 3+ exchange interaction is super-exchange rather than DE [19,20]. Regarding the identical ionic radii of Fe 3+ and Mn 3+ , Fe doping on the Mn-site can be selected in order to avoid lattice distortion. Thus the number of Mn 3+ /Mn 4+ is reduced, which hampers the DE mechanism forcing the change in electrical properties and influencing the polaronic transport. Recently, we studied the structural and magnetic properties of La 0.6 Sr 0.4 Mn 1-2x Fe x Cr x O 3 samples and the transport mechanisms were poorly studied [START_REF] Ben Abdelkhalek | [END_REF]. In this paper we present the studies of electrical properties in these samples and we examine every transport model with more explication and details.

2-Experimental details

Powder samples of La 0.6 Sr 0.4 Mn 1-2x Fe x Cr x O 3 were prepared using the solid-solid state reaction by mixing La 2 O 3 , Mn 2 O 3 , Fe 2 O 3 and Cr 2 O 3 . The starting materials were intimately mixed in agate mortar for 1 h, and then heated in air at 1100 °C for 30 h. The powders were reground, pressed into pellets (of about 2 mm thickness and 6 mm diameters) and fired at 1200 °C for 30 h. This process was repeated at the same conditions to ensure a complete reaction. Finally, the powders are reground and sintered at 1280 °C in air for 96 h with intermediate grinding.

The X-ray powder diffraction (XRD) patterns were recorded with a ''PANalytical X'ert Pro'' diffractometer with filtered (Ni filter) Cu radiation and 20° 1 3 1 120°.2The magnetization was measured under a magnetic field of 0.01T using as upper conducting quantum interference device (SQUID) MPMS-XL5 (2 1 T 1 400 K). The temperature dependence of electrical resistivity 4 was measured by a conventional four-probe method in the temperature range 78-350 K with a typical sample size of 5 mm × 5 mm × 2 mm.

Results and discussion

General

X-ray diffraction data confirm all the samples as single phase materials without detectable secondary phases or impurity phases. The XRD data are successfully indexed with a rhomboheral ( c R3 ) structure. Fig. 1 shows an ordinary (observed) XRD pattern of x = 0.10 and x = 0.15 samples along with its Rietveld refined one and a curve showing the difference between both the patterns. As shown in Fig. 2, the magnetizations of samples with x = 0, 0.10, 0.15, 0.20 and 0.25 measured under an applied field of 0.01T exhibit a ferromagnetic to paramagnetic transition at T C temperatures of 352, 215, 165, 125 and 100 K, respectively.

We note that the Curie temperatures T C have been determined from the intersection of the tangent to the inflection point of the M-T curve with its horizontal asymptote. As the Fe and Cr concentrations increase, the Curie temperature T C decreases. This remarkable decrease of the Curie temperature T C from 352 to 100 K in the presence of 25 % of Fe and 25 % of Cr is related to the decrease of rate of Mn 3+ ions and the increase of concentration of Fe 3+ and Cr 3+

ions. The partial substitution of Mn 3+ , simultaneously replaced by Cr 3+ and Fe 3+ , causes a decrease of the Mn 3+/ Mn 4+ ratio and decreases the number of hopping electrons and the available hopping sites between Mn 3+ and Mn 4+ , thus greatly weakening the double-exchange interaction of Mn 3+ -O-Mn 3+ . In the case of the partial replacement of Mn 3+ by Cr 3+ , the Mn 3+ -O-Cr 3+ super-exchange ferromagnetic interaction is weaker than the double-exchange interaction of Mn 3+ -O-Mn 4+ . In addition, there exists an anti-ferromagnetic Cr 3+ -O-Cr 3+ interaction [37]. On the other hand, when Mn 3+ is partially substituted by Fe 3+ , Mn ions can couple with neighboring Mn and Fe ions simultaneously, due to the strong antiferromagnetic Mn-Fe interaction. So the partial replacement of Mn 3+ by Fe 3+ can greatly weaken the doubleexchange interaction of Mn 3+ -O-Mn 4+ and, therefore, the magnetic transition temperature T C decreases.

Fig. 3 presents the temperature dependence of zero-field resistivity 1 for all the samples from 78 to 350 K. The undoped sample exhibits a ferromagnetic-metallic to paramagneticsemiconductor transition at T P = 315 K. For all the doped samples, the resistivity increases exponentially with decreasing temperature and shows a semiconducting behavior in the whole temperature range.

It can also be noticed from Fig. 3 that the resistivity increases with the coupled substitution of Mn 3+ for Cr 3+ and Fe 3+ . This decrease in conductivity with Fe and Cr doping is considered to be associated with the decrease of the ratio Mn 3+ /Mn 4+ , which greatly weakens the influence e . Thus, the e g 2 band of Mn is electronically active, where electron hopping occurs between Mn 3+ and Mn 4+ . Simultaneous existence of Fe 3+ , Mn 3+ and Mn 4+

indicates that the Fe e g 2 band is full and the Mn e g 2 band is half filled. The Fe e g 2 band remains fully filled only if the Mn e g 2 band has charge carriers. This implies that the bottom of the Mn e g 2 band should be at the same level as, or higher than, the top of the Fe e g 2 band.

Consequently, the Fe 3+ cannot participate in electron hopping from Mn. The doping of Fe results in depletion in the number of hopping electrons and available hopping sites. Ahn et al.

[40] and Jin et al. [41] suggested2that Fe ions act as trapping centers for the e g electrons and block the percolative hopping of the e g electrons between the Mn 3+ and Mn 4+ ions. The trapping centers perturb the double exchange mechanism. In addition, the presence of Fe 3+

encourages the super-exchange interaction (Fe 3+ -O-Mn 4+ , Fe 3+ -O-Mn 3+ and Fe 3+ -O-Fe 3+ ) against the double-exchange interaction (Mn 3+ -O-Mn 4+ ), hence weakens the DE interaction, suppressing the metallic conduction and enhancing the semiconductor behavior. On the other hand, when the rate of substituted Cr 3+ ions increases, the antiferromagnetic coupling between Cr 3+ -Cr 3+ , Cr 3+ -Mn 4+ and Mn 4+ -Mn 4+ should be taken into consideration. According to the work of Goodenough et al.

[42], we expect a weak antiferromagnetic superexchange interaction between two ions having an empty orbital e g . With the increase of Cr 3+ ions, the number of Mn 3+ is reduced appreciably and the ferromagnetic double exchange interactions between Mn 4+ and Mn 3+ ions are weakened, while the antiferromagnetic interactions between Mn 4+ and Cr 3+ are reinforced. In addition to these antiferromagnetic interactions, there is a canting of the magnetic moments of the Fe and Cr ions, as observed in La 1-x Nd x Fe 0.5 Cr 0.5 O3

[43].

Concerning the present work, the effect of Fe and Cr doping is the direct and simultaneous replacement of Mn 3+ ions by Fe 3+ and Cr 3+ with a same content x. The increasing importance of the antiferromagnetic interactions Mn 3+ -O-Fe 3+ , Mn 4+ -O-Fe 3+ , Fe 3+ -O-Fe 3+ , Cr 3+ -O-Mn 4+ and Cr 3+ -O-Cr 3+ , Fe 3+ -O-Cr 3+ and the disorder introduced by the charge transfer weakens the double exchange interaction, enhancing the semiconducting behavior, which leads to the increase of resistivity.

Conduction mechanism

Metallic behavior for x = 0

In the metallic region (T < T P ) the following equations are generally used to fit the electrical resistivity data in case of the manganites,

1 = 1 0 + 1 2 T 2 (1)
1 = 1 0 + 1 2.5 T 2.5
(2)

1 = 1 0 + 1 2 T 2 + 1 4.5 T 4.5 (3) 
where 1 0 is the resistivity due to grain/domain boundary and point defects scattering [44,45], (3). The data and their corresponding fit based on equation (3) are shown in Fig. 4. The fit parameters obtained from Eq.( 3), 1 0 , 1 2 and 1 4.5 , have values of 0.0015 6 cm, 3.117 × 10 -8 6 cm K -2 , -8.4094 × 10 -15 6 cm K -4.5 , respectively.

1 2 T 2 in Eqs.

Semiconducting behavior for all doped samples

Many attempts were made to explain the variation of the electrical resistivity with temperature in the case of manganites. In the semi-conductor region, thermal activation [26] process, hopping motion of small polarons [29] and variable range hopping mechanism [50] etc., can fit the resistivity.

Thermal activation model (TA)

For crystalline semiconductors with a well-defined energy gap, the activated character may be determined by the thermal activation of electrons from the valence band to the conduction band (intrinsic conductivity) or from the impurity levels (impurity conduction). Thermally activated hopping transport may also occur when the carriers are lattice vibrations or magnetic polarons [START_REF] Mott | Electron Processes in Non-crystalline Materials[END_REF]. If the thermal energy is sufficient to overcome the bandgap the electron becomes free to conduct. The expression for resistivity can be written in the following form:

1 = 1 0 exp (E A /k B T ) , ( 4 
)
where T is the absolute temperature, 1 0 the value of resistivity at infinite temperature, E A the activation energy and k B the Boltzmann's constant, i.e., for the bandgap model the graph must exhibit Arrhenius temperature dependence (straight line behavior between log 1 and 1/T). Our experimental data for all doped samples (x = 0.10, 0.15, 0.20 and 0.25) were fitted using eq. 4

(Fig. 5).2The R correlation factor and the activation energy E a for the TA model are given in Table 2.2 The thermal activation model poorly describes our results in the semi-conducting region for all samples and hence we conclude that the thermal activation model is insufficient to explain the conduction process of this material.

Small polaron hopping model

Our experimental data were also fitted using adiabatic nearest-neighbor hopping of smallpolarons (Holstein polaron) model (ANHSP), which leads to a mobility of a thermally activated form. In the adiabatic regime the charge-carrier motion is faster than the lattice vibrations, and the drift mobility is given by

) exp( ) 2 )( 2 3 ( 0 2 T k W T k ea B p B - = π υ µ 2 where t E W p p - = 2 .
E p denotes the polaron formation energy, (t) the electronic transfer integral, (2 0 ) the 82 2 longitudinal optical-phonon frequency, (a) the hopping distance, and (e) the electronic charge.

Adiabatic nearest-neighbor hopping of small-polarons model [52] is given by:

1 = 1 0 T exp (E hop /k B T) (5)
where E hop is the hopping energy, k B the Boltzmann constant and 1 0 the resistivity coefficient and is given by:

1 0 = 2k B /3ne 2 a 2 3 ( 6 
)
here e is electronic charge, n is number of density of charge carriers, a is site-to-site hopping distance, and 3 is longitudinal optical phonon frequency.

Further, in order to check whether the conduction process obeys ANSPH, a graph is plotted with log (1/T) on the Y -axis and 1/T on the X -axis (figure 6). We should notice that there is an apparent change in the slope of the resistivity near the magnetic ordering temperature T C (T C = 215, 165, 125 and 100 K for x = 0.10, 0.15, 0.20 and 0.25 respectively) (Fig. 6), which indicates a close correlation between the magnetic state and the transport behavior and justifies that the onset of the ferromagnetic exchange interaction promotes the transfer of charge carriers. A change in the slope was also observed in LaMn 1-x Cr x O 3 [53] and La 1-x Nd x Mn 0.8 Cr 0.2 O 3 [54]. From such fits we obtain the hopping energy E hop , the resistivity coefficient 4 0 and the correlation factor R (see Table 2 for the ANHSP model). Fig. 6 shows the results for this model, in which the straight lines are fits to the adiabatic small polaron hopping model. From Table 2, we find that the E hop increases with increasing x, while the resistivity coefficient 1 0 shows a complex correlation as a function of x, first decreasing from 0.555 10 -4 to 0.453 10 -4 6cm/K (from x = 0.10 to x = 0.15) and then increasing up to 9.02 10 -4 6cm/K for x = 0.25. It is possible that 4 0 varies with Fe and Cr doping due to the variation in either n (the polaron concentration) or a (the hopping distance). In fact, replacing Jahn-Teller Mn 3+ ions by non-Jahn-Teller Fe 3+ and Cr 3+ ions will lead to a decrease in the polaron concentration n [55, 56]. As the e g shell of Fe 3+ is completely filled, the charge carriers cannot pass through the Fe 3+ sites due to the strong Coulomb repulsion. Hence, Fe ions act as trapping centers for the e g electrons and block the percolative hopping of the e g electrons between the Mn 3+ and Mn 4+ ions. In addition, the presence of Cr 3+ generates antiferromagnetic interactions through Cr 3+ -O-Cr 3+ and Cr 3+ -O-Mn 4+ which cannot participate in double exchange mechanism. In this case, the carriers must detour or hop over these enhanced barriers due to Fe and Cr doping, so the average hopping distance (a) increases with

x. For x = 0.10-0.15, the change of polaron concentration n is relatively small, so the decrease of 4 0 with x is due to the increase of the hopping distance (a). However, when the doping level is high enough (x = 0.20, 0.25), the change in the carrier concentration overcomes the effect of the increasing hopping distance because (a) has an upper limit due to the finite activation energy of the polaron. As a consequence, na 2 drops down even if (a) grows, causing 1 0 to increase. This means that the present adiabatic nearest-neighbor hopping model of small polarons (Holstein theory) is not satisfactory to explain the electrical behavior of our doped samples.

Indeed, the Holstein theory of small polaron based on the molecular-crystal model was originally proposed for an ordered situation in which all the lattice sites were energetically equivalent, a situation which is not satisfied in La 0.6 Sr 0.4 Mn 1-2x Fe x Cr x O 3 due to the strong electrical and magnetic disorder induced by Fe 3+ and Cr 3+ doping. In our case, the thermal energy is not large enough to allow electrons to hop to their nearest-neighbors and it becomes more favorable for the electrons to hop further to find a site with a smaller potential difference. Thus, this model, known as the variable range hopping model of small polarons (VRH) [58], seems to apply better to our case, as we discuss below.

Variable range hopping

Assuming now that the electrical transport in the semiconducting phase proceeds via the Mott VRH variable range hopping mechanismA2In the case of the disordered magnetic phase when the carriers are localized by random potential fluctuations, the temperature dependence of 1 in zero field is explained mainly by Mott's VRH expression [50]:

4 / 1 0 0 exp 1 2 3 4 5 6 ≈ T T ρ ρ (7) 2 
where, 0 ρ depends on the assumption made about the electron-phonon interaction and is considered as a constant in most of the cases although slightly affected by temperature, 0 T is the characteristic temperature of the compound, this parameter is proportional to the Mott localization energy and is expressed functionally as:

) ( 3 0 F B E N k T λα = (8) 2 B2 2
where ) 18 (≅ λ is a dimensionless constant, N(E F ) is the density of states and 7 corresponds to the inverse of localization length (1/8). Figures 7 show the plots of Log 1 ~ (1/T) 1/4 revealing good concurrence with VRH model. As shown in Table 2, the VRH mechanism gives the best fit and the best correlation factor R among all models treated in this work. These results suggest that the dominant transport mechanism is a variable range hopping. Furthermore, the correlation factor R increase while increasing the Fe and Cr concentration and reaches 0.99995 for x = 0.25, this indicate that the replacement of Mn 3+ sites by Fe and Cr ions promotes the VRH model in these samples.

The density of states at Fermi level N(E F ) is calculated from the slope of Log(1) vs. T -1/4 plot.

While making these calculations, 7 value was taken as 2.22 nm -1 [59-61]. The estimated values of T 0 and N(E F ) are given in Table 1. It can be seen from the table that the calculated values of N(E F ) are found to be very close to the reported ones [62]. It is also clear from Table 2 and inset in figure 7 that the values of T 0 are found to increase. Obviously, when adding Fe and Cr, the e g electrons of Mn 3+ ions become localized, which increases the Mott localization energy as well as T 0 . This is due to the decrease of Mn 3+ ions and weakening of double exchange interactions as well as the magnetic disorder which becomes stronger by increasing the rates of Fe and Cr. The magnetic disorder introduced by the random distribution of Fe and Cr ions prevent the electrons transfer to their nearest-neighbors, which are on-site barriers due to the Fe and Cr doping, destroying the way of itinerant electron between Mn 3+ and Mn 4+ . In this disordered situation, the sites are not energetically equivalent and it becomes more favorable for the electrons to hop further this site barrier to find a site with a smaller potential difference. Hence, this mechanism is called variable range hopping (VRH).

We now consider two other parameters: the average hopping distance (a) and the average hopping energy (W), given by [63]:

4 / 1 ) ( 8 9 7 8 9 A B C = F B E N T k a α π (9) 7 8 9 
A B C = ) ( 4 3 3 F E N a W π (10) 
This formula can be written also in a universal form

4 / 1 0 4 / 3 T T K W B = .
Using formula (10), the estimated values of W for x = 0.10, 0.15, 0.20 and 0.25 are shown in Fig. 8(a) as a function of temperature. The increase of T 0 and the decrease of N(E F ) with the Fe concentration (Table 1) lead to the increase of the average hopping energy W. In fact, when adding Fe and Cr, the e g electrons of Mn 3+ ions become localized, since the Fe 3+ ions 1C2 2 act as barriers to the charge carriers, thus increasing W. When the rate reaches 25 % Fe and 25 % Cr, the e g electrons of the Mn 3+ ions are more localized and the hopping energy becomes very large. In this case, it is energetically favorable for a localized carrier to hop to a site beyond the nearest-neighbor centers, which are on-site barriers due to the Fe and Cr doping. Then the average hopping length exceeds the average distance between the sites and consequently, the hopping distance (a) increases with increasing Fe and Cr doping, as shown in Fig. 8(b) when using formula (9). At room temperature, the average hopping distance (a) values are 1.46, 1.82, 2.55, 2.67 nm (figure 8(b)) respectively for x = 0.10, 0.15, 0.20, 0.25.

Since, for variable range hopping model, the hopping distance must exceed Mn-Mn distance (In our case, Mn-Mn distance obtained by Rietveld analysis is 0.33 nm for undoped sample) and should be several times greater [46], thus, these numbers of hopping distance are physically plausible and compatible with conventional variable-range hopping. Similar results are obtained by viret et al. [46] where the average hopping distance are 3-4 times the Mn-Mn separation. As shown in Figure 8(b), the hopping distance ( a ) decreases with increasing temperatures. On the other hand, the hopping energy W (figure 8(a)) increases with increasing temperature. This indicates that disorder plays a key role in the high temperature (T > T C ) conduction process, that is, the conduction mechanism in the semiconducting phase is dominated by the VRH mechanism [64]. Furthermore, When (7a) > 1 and W >> k B T the VRH is always to be expected [START_REF] Mott | Metal-insulator transitions[END_REF]. Thus, all these results: increase in T 0 and decrease in the density of states at the Fermi level, increase in the average hopping energy W and of the hopping distance a when increasing the Fe content, show that the mechanism of conduction in these samples obeys to the variable range hopping (VRH) between localized states.

Conclusion

Single phases of La 0.6 Sr 0.4 Mn 1-2x Fe x Cr x O 3 (0 1 x 1 0.25) have been prepared using a ceramic method. The low temperature resistivity measurements in the temperature regime were carried out. The undoped sample exhibits a ferromagnetic-metallic to paramagnetic-semiconductor transition. The resistivity shows semiconducting features for all doped compounds. The insertion of Cr 3+ and Fe 3+ ions in the parent compound La 0.6 Sr 0.4 MnO 3 leads to an increase of the resistivity. This may be due to the reduction of available hopping sites number for the Mn e g2 electron and suppression of double-exchange mechanism. The data thus obtained for x = 0.10, 0.15, 0.20, 0.25 were fitted systematically to check the dominance of one particular mechanism over another viz. thermal activation (TA) model, adiabatic nearest-neighbor hopping of small-polarons (Holstein polaron) (ANHSP) model and the variable range hopping 

The electrical transports 1 (

 1 T), have been studied extensively for the manganites [21-25]. The conduction mechanism in these materials is a matter of controversy as different schools of thought propose different conduction models. For example, in the semiconducting region, data on certain compounds were fitted with purely activated law [26-28]. While some authors proposed small polaron hopping conduction mechanism (SPH) over extended temperature ranges [29-33], at the same time, Mott and Davies [34, 35] used the variable range hopping mechanism (VRH) for the whole temperature range.

  (1) and (3) represents the electrical resistivity due to the electron-electron scattering [46]. On the other hand 1 2.5 T 2.5 is the electrical resistivity due to electron-magnon scattering process in the ferromagnetic phase [47]. The term 1 4.5 T 4.5 is a combination of electron-electron, electron-magnon and electron-phonon scattering processes [48, 49]. The T < T P experimental data for x = 0 sample was fitted to the above three equations and the quality of these fittings, in general, is evaluated by comparing the square of correlation coefficient (R 2 ) obtained for each equation. The fit values (square of the correlation coefficient, R 2 ) for equations (1)-(3) are given in Table1. Best results are obtained using Eq.
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 1 Figure 1: Observed (open symbols) and calculated (solid lines) X-ray diffraction patterns for La 0.6 Sr 0.4 Mn 1-2x Cr x Fe x O 3 (x = 0.10 and 0.25).
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 2324255678 Figure 2: Temperature dependence of magnetization of La 0.6 Sr 0.4 Mn 1-2x Fe x Cr x O 3 (x = 0, 0.10, 0.15, 0.20 and 0.25) with an applied field of 0.01 T.

  These results are similar to other electrical studies for substituted manganites in B site [55, 57]. As we said above, the polaron would hop to sites further away than nearest neighbors if there are enough on-site barriers due to the Fe and Cr doping. Because of random distribution of polaron and disorder introduced by the presence of Cr and Fe ions, the dominating transport process in the La 0.6 Sr 0.4 Mn 1-2x Fe x Cr x O 3 (x = 0.10, 0.15, 0.20, 0.25) samples could be a combination of polaron nearest-neighbor hopping and non-nearest-neighbor hopping [55, 57].

Table 1 :

 1 Correlation coefficient (R 2 ) in the ferromagnetic region for x = 0, based on equations (1) through(3).

	2				
		Equation	(1)	(2)	(3)
	2	(R 2 )	0.64473	0.56413	0.99997

2

(VRH). The fits show that the electronic transport in semiconducting La 0.6 Sr 0.4 Mn 1-2x Fe x Cr x O 3 (x = 0.10, 0.15, 0.20, 0.25) is well described and dominated by the variable range hopping mechanism where the various parameters estimated from Mott's relation obey the VRH mechanism.