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Abstract: X-ray powder diffraction (XRD) and magnetic measurements were performed in order to investigate the
effect of Na+ ion substitution for Ca2+ ions on the crystallographic structure, the character of magnetic
ordering, and the effect of transition temperature in La0.7Ca0.3−xNaxMnO3 manganites series (0 6 x 6
0.2). All samples crystallise in an orthorhombic structure with the Pnma space group. We have found a
strong dependence of structural and magnetic properties on the cation-size disorder parameter σ2. The
temperature dependence of magnetization of all samples obeys the Bloch T 3/2 law. The values of the spin
wave constant at low temperature B increase with the increase of x and the Curie temperature decreases.
It is concluded that the substitution of Ca by Na+ ions causes a decrease in total exchange integral Aof the
samples.
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1. Introduction

The systematic investigation of the phase diagram ofthe perovskite manganites was initially performed onLa1−xCaxMnO3 in fiftieth [1, 2]. After the discovery ofthe colossal magnetoresistance (CMR) effect in the dopedperovskite manganites R1−xAxMnO3 (R: rare – earth, A:alkali – earth elements) these materials became a popu-lar subject because of their fascinating physical properties
∗E-mail: Tozri_anowar@yahoo.fr
†E-mail: essebti@yahoo.fr

such as competing magnetic order, metal – insulator tran-sitions and charge/orbital ordered (CO – OO) [3, 4] statesobserved in doped manganites. The system offers a highdegree of chemical flexibility. This leads, together witha complex interplay between structures, electronic andmagnetic properties, to very rich phase diagrams involv-ing various metallic, insulating and magnetic phases [4–6].These properties are sensitive to doping concentration x,average cationic radii 〈rA〉, and mismatch in ionic radii
σ 2=∑

i
(xir2i−〈rA〉2), where xi and ri are the atomic frac-tion and ionic radii of i-type ions at A site, respectively.It is well known in the manganites exhibiting CMR, theferromagnetic TC increases with the average radius 〈rA〉
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and the charge ordering transition is also highly sensitiveto 〈rA〉 and TCO increases with the decrease of 〈rA〉.A larger 〈rA〉 enhances the bandwidth of the eg electronin Mn ion which favours double exchange (DE) interactionbetween Mn3+ and Mn4+ through the bridging of oxygenions. This stabilizes the ferromagnetic metallic phase atlow temperatures. The conductivity in the ferromagneticmetallic state is explained by Zener’s double exchangemechanism [3–7]. Lower values of 〈rA〉 result in narrow
eg electron bandwidth. In this case, the kinetic energyof itinerant eg electron is not high enough to enable acharge delocalization. Hence these systems may achievea charge – ordered (CO) antiferromagnetic (AFM) groundstate which is electrically insulating [8] or ferromagneticinsulating ground state [9].Previous studies [10–14] showed that the A – site cationalsize mismatch can lead to random local lattice distortion.In Tomioka and Tokura’s study, they found that the A – sitedisorder has great effects on the properties of manganitesand gave the phase diagram of disorder versus 〈rA〉 [12],also many studies [15, 16] showed that TC has been re-lated to the variance in the distribution of 〈rA〉 and the
TC decreases significantly with the variance, σ 2 based onthe studies of manganites with fixed 〈rA〉. A similar studyof the variation of TCO with σ 2 in Ln0.5A0.5MnO3 for fixed
〈rA〉 values of 1.17 Å and 1.24 Å has shown that TCO isnot sensitive to the size mismatch σ 2 [17].The Jahn – Teller effects [18] and Coulomb interactionsplay an important role in these systems which results inthe distortion of Mn – O octahedra determining the natureof the CO state in these materials [19].Polycrystalline La0.7Ca0.3MnO3 sample inLa0.7Ca0.3−xNaxMnO3 series shows the FM-PM transitionwhich motivated us to investigate this sample elaborately.We, therefore, took the La0.7Ca0.3MnO3 as the basesample and replaced Ca by Na to study the effect of thecouple (〈rA〉, σ 2) on different characteristics.
2. Experimental details
Polycrystalline La0.7Ca0.3−xNaxMnO3 (0 6 x 6 0.2) sam-ples were prepared by Sol-gel method. Appropriateproportions of high purity La2O3, CaCO3, Na2CO3 andMn(NO3)2, 4H2O were dissolved in dilute HNO3 solutionat 333 K. Suitable amounts of citric acid and ethyleneglycol as coordinate agents were added and a completehomogenous transparent solution was achieved. This so-lution was subjected to a slow evaporation at 333 K until ahigh viscous residual was formed and a gel was developedduring heating at 443 K. The gel was thermally treated at873 K for 5 hours for the purpose of organic precursor de-

composition. After grinding, the samples were calcinatedin air at 1273 K for 5 hours. The structure and phasepurity of the prepared samples was checked by powderX-ray diffraction (XRD), using Cu Kα radiation by stepscanning (0.02°) at room temperature. Refinements of theXRD data were carried out with the Rietveld refinementusing the program FULLPROF [20]. The microstructureand elemental distribution of the samples were studied ina 5410 LV Jeol scanning electron microscope (SEM), whichincludes an energy dispersion spectrometer (EDS). Mag-netization measurements versus temperature in an appliedfield of 500 Oe were recorded using a Foner magnetome-ter (FON) equipped with a superconducting coil between10 K and 300 K.
3. Results and discussion
Fig. 1 shows SEM photographs of some representativesample (x = 0.1 – Fig. 1a, x = 0.15 – Fig. 1b andthe crystallites are homogenous and small in the rangeof 1.01 µm – 1.23 µm. From the EDS spectrum ofLa0.7Ca0.3−xNaxMnO3, one can see that there are no impu-rities and the sample composition is similar to the nominalone.The XRD patterns of La0.7Ca0.3−xNaxMnO3 (0 6 x 6 0.2)samples at room temperature clearly indicates a singlephase with no detectable secondary phase. The positionsof different peaks do not change much with the alterationof Na concentration confirming the unaffected structureof the system. The diffractograms can be indexed basedon orthorhombically distorted perovskite structure. TheRietveld refinements were carried out in the Pnma spacegroup. We represented in the Fig. 2 the diffractograms for
x = 0.05 and x = 0.2. The refinement results are listed inTab. 1.We can first see from the variation of the cell volume andthe lattice parameters (a, b/√2 and V) represented inFig. 2, that the sample with x= 0 exhibits a symmetryorthorhombic (O) defined by (a < b/

√2) with changes ofone symmetry orthorhombic (O’) defined by (a > b/
√2)for x〉0. Secondly, this variation presents a minimum for x= 0.1 in the unit cell volume and for the cell parameters.This variation is not in agreement with the increase ofNa which leads to an increase of 〈rA〉 due to the dif-ference in ionic radii of Ca2+ (〈IX rCa2+〉 = 1.18 Å) andNa+ (〈IX rNa+〉 = 1.24 Å) [21]. This suggests that 〈rA〉 isnot the essentially responsible for the change of the struc-tural parameter for this system.This unexpected result suggests that size differences be-tween the different cations located in the A-site must betaken into consideration, as it is known, larger value of σ 2
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a)

b)
Figure 1. SEM photographs of La0.7Ca0.3−xNaxMnO3 with x = 0.1

and x = 0.15.

implies higher degree of disorder and so a higher degreeof structural distortion. To affirm this result, we have cal-culated the values of the lattice constant, quantity DO(%)characterizing the orthorhombic deformation, which can bewritten as
DO=13 3∑

i

∣∣∣∣ai−āā
∣∣∣∣×100 (1)

where a1= a, a2= c and a3 = b/
√2, and

ā = (abc/√2) 13 .And σ 2
JT characterizing the MnO6 distortion and quantifiedusing the Jahn – Teller distortion, can be written as

a)

b)
Figure 2. Observed (circle), calculated (continuous line) and differ-

ence patterns (at the bottom) of X-ray diffraction data fitted
with orthorhombic structure (Pnma) in
La0.7Ca0.3−xNaxMnO3 compounds: a) x = 0.05; b) x =0.20. The vertical tick indicates the allowed reflections.
We notice that calculated diffraction patterns match well
with the measured ones.

σJT=
√√√√13 3∑

i

[(Mn−O)i−〈Mn − O〉]2 (2)
i.e. that the σ 2 and (DO(%), σ 2

JT ) parameters are of differentorigins, the first is deducted from the value of 〈rA〉 andthe second are the result of the refinement Rietveld. Thevalues of these three parameters are listed in Tab. 2.From Fig. 3 we can see the same variation for these threeparameters, we note that the variation of σ 2 for the systemLa0.7Ba0.3−xNaxMnO3 [22] et La0.7Ca0.3−xKxMnO3 [23] isnot the same observed for our system and also the samplewith x = 0.1 has the highest value of σ 2 that maintainselevated values of orthorhombic deformation DO(%) andJahn-Teller distortion σ 2
JT . Hence higher degree of disor-der induces higher degree of structural distortion whichinduces the minimum of the cell volume. Hence, it canbe seen in the La0.7Ca0.3−xNaxMnO3 system that the vari-ance σ 2 controls the structural distortion and as a result
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Table 1. Crystallographic data for La0.7Ca0.3−xNaxMnO3 compounds
with 0.0 6 x 6 0.20 form the Ritveld refinement of X-ray
diffraction data.

Crystallographic data x = 0.00 x = 0.05 x = 0.10 x = 0.15 x = 0.20a (Å) 5.48113 5,46632 5,46130 5.47301 5.47406b (Å) 7.76223 7,72741 7,71850 7.73661 7.73848c (Å) 5.47447 5,48604 5,47921 5.49635 5.50318V (Å3) 58.2291 57,9330 57,7415 58.1824 58.2801
La, Ca, Na x 0.0158 0.0192 0.0189 0.0182 0.0152Z -0.0065 -0.0042 -0.0046 -0.0037 -0.0007

O(1) x 0.5220 0.4980 0.4924 0.4943 0.4864Z 0.0469 0.0560 0.0510 0.5030 0.0403
O(2) x 0.7837 0.2783 0.2554 0.2704 0.2822Y 0.0386 0.0351 0.0613 0.0313 0.0291Z 0.7961 0.7504 0.7103 0.7102 0.6986

Mn-O1 × 2 (Å) 1.9612 1.9563 1.9502 1.9542 1.9492Mn-O2 × 2 (Å) 1.9912 2.0650 2.1311 2.0451 2.0561Mn-O2 × 2 (Å) 1.9174 1.8510 1.8681 1.8911 1.9051
〈Mn-O〉 1.9566 1.9574 1.9831 1.9634 1.9701

Mn-O1-Mn (°) 163.37 161.92 163.32 163.71 166.26Mn-O2-Mn (°) 160.22 162.88 155.68 160.37 157.04
〈Mn-O-Mn〉 161.79 162.4 159.5 162.04 161.65

RP 5.78 2.23 2.71 2.27 2.02
RWP 7.30 2.89 3.78 3.06 2.60
χ2 0.92 1.38 2.26 1.56 1.24

the variation of the cell volume is inversely proportionalto variation of the structural distortion.Fig. 4 shows the temperature dependence of the inverselow-field susceptibility for the La0.7Ca0.3−xNaxMnO3 com-pounds as calculated from magnetization data. Here thesusceptibility is defined as (M/H)−1 (the susceptibility isusually defined as M/H, where M is the magnetizationper volume). The high-temperature part of the magneti-zation curves follows Curie – Weiss law, indicating para-magnetic materials at this temperature range. The Curietemperature were determined by extrapolating the para-magnetic part of the inverse susceptibility, as shown for x= 0 and x= 0.2. This was done by linear regression withan error of ±3 K. From fitting the curve in the paramag-netic region, we can observe that (M/H)−1 deviates fromthe Curie – Weiss law below 1.16TC , 1.21TC and 1.22TCrespectively for x = 0.1, 0.15 and 0.2, which signals theonset of short-range FM correlations.Fig. 5 shows the deduced TC values as a function ofthe 〈rA〉. The Curie temperature decreases systemati-cally with the increase of 〈rA〉. Generally the Curie tem-

Figure 3. Variation of the cell parameters and the unit cell volume V
as a function of the ionic radii 〈rA〉 for
La0.7Ca0.3−xNaxMnO3 compounds. Inset show the varia-
tion of σ2, DO(%) and σ2

JT as function of the ionic radii 〈rA〉.

Figure 4. Inverse susceptibility (defined as (M/H)−1) of the
La0.7Ca0.3−xNaxMnO3 samples. Curie temperatures were
deduced by extrapolation of linear parts of the suscep-
tibility curves as shown for x = 0 and x= 0.15. In-
set show the temperature variation of magnetization of
La0.7Ca0.3−xNaxMnO3 samples.

peratures increase/decrease with the increase/decrease of
〈rA〉 [22–25] and the relationship between TC and 〈rA〉 isdue to the linkage between 〈rA〉 and the 〈Mn-O-Mn〉 bondangle i.e. the variation of the 〈Mn-O-Mn〉 with x is notimportant in our system. In this case we have consideredthe effect of the average 〈Mn-O〉 distance which controlthe Jahn – Teller effect on the variation of TC . Fig. 5shows that the TC decreases with the increase of 〈Mn-O〉.We concluded that the physics of our system is primar-ily dominated by two competing mechanisms, the Jahn –Teller effect which tries to localize carriers and the doubleexchange which tries to delocalize carriers.On the other hand, one observes a second transition at the
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Figure 5. Curie temperature of the La0.7Ca0.3−xNaxMnO3
compounds as a function of 〈rA〉. The paramagnetic (PM)
and ferromagnetic (FM) regimes are indicated. Inset show
Curie temperature as a function of the refined mean Mn –
O bond length.

low temperatures that appears for x > 0.1 and behaveslike an anomaly in FM state with decreasing amplitudewith increase in x. This behavior is the same observed byB. Dabrowski [26] and that he assigns a charge ordering

transition at TCO, a phenomenon that he explains by adecrease of the effective magnetic moment of the samplesat low temperatures. This result of the apparition and thereduction amplitude of anomaly observed in low tempera-ture in M(T ) is in agreement with the variation of σ 2
JT for

x > 0.1.
In fact, for x = 0.1, σ 2

JT is maximal and the anomaly ap-pears with higher amplitudes corresponding to a strongelectron-phonon coupling arising for x = 0.1 from theJahn-Teller distortion of the MnO6 octahedra. For x >0.1,σ 2
JT decreases which implies a decrease of electron-phonon coupling and therefore the decrease of amplitudeof observed anomalies in the M(T ) curves. Furthermore,the Jahn-Teller distortion is responsible for the decreasesof the TC [19]. Indeed the Jahn-Teller splitting of the

eg(Mn) orbital is closely related to overlapping in theMnO6 octahedra. An increased electron-phonon couplingis expected when the band width associated with the
eg(Mn) − 2pσ (O) − eg(Mn) hybridization becomes nar-rower [27] and as result the (DE) is weakened. It is possi-ble that a coupling between the lattice and magnetism viathe Jahn-Teller distortion plays a role to the very sharpdrop in the magnetization observed.

Table 2. The values of average ionic radius 〈rA〉, variance of ionic radii σ2, orthorhombic deformationDO(%), octahedra distortion σ2
JT , Curie temper-

ature TC , prefactor B from Bloch’s law for different La0.7Ca0.3−xNaxMnO3 samples. (IX r3+
La =1.216 Å; IX r2+

Ca =1.18 Å; IX r+Na =1.24 Å) [21].

Composition 〈rA〉 (Å) σ2 (× 10−4 Å2) DO (× 10−3%) σ2
JT (× 10−4) TC (K) B (× 10−5 K3/2)0 1.2052 2.72 0.193 2.399 253 1.140.05 1.2082 2.91 1.44 41.099 251 1.050.1 1.2112 2.93 1.98 43.827 236 3.620.15 1.2142 2.77 1.053 18.965 223 4.440.2 1.2172 2.43 0.53 8.62 204 7.28

In further substitutions of Ca for Na, reduction of Mn3+content from 70% (i.e. the (DE) interaction is maximalin the manganite system when the ratio of Mn3+/Mn4+is near to 7/3) to 50%. This increased Mn4+ content willfavor the Mn4+- O2−- Mn4+ super exchange interactionreducing the double-exchange (DE) interaction betweenMn3+ - O2−- Mn4+ that explains the reduction in the Curietemperature TC .
The low- temperature thermal evolution of magnetizationwas fitted to Bloch’s T 3/2 law [28] which can be written as

M(T , 0)/M(0, 0)= 1− BT 3/2 (3)whereM(0, 0) and M(T , 0) are the spontaneous magneti-zation at T = 0 K and at finite temperature, respectivelyand the prefactor B is a characteristic constant of the spinwaves at low temperature [29] who can be written as
B = 2.612( gµB

M(0)
)(

kB4πD
)3/2 (4)

where g is the Lande factor, µB is the Bohr magneton, kBis the Boltzmann constant and D is the spin wave stiffens
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Figure 6. Plots of M(T ,H)/M(0, H), vs. T 3/2 fo
La0.7Ca0.3−xNaxMnO3 for x > 0.1 at H = 0.1 T. The inset
shows the Ln

(1 − M(T ,H)/M(0, H)) variation with Ln(T )
to determine the slope of the linear fit to the data Ln

(1 −
M(T ,H)/M(0, H)) vs. Ln(T ). The solid line is a linear fit.

constant. The stiffness D is defined by spin wave disper-sion relation
E(q) =∆+Dq2 (5)

where E(q) is the spin wave energy, qis the wave vec-tor and ∆ is the gap arising from anisotropy or appliedmagnetic field. In our analysis we assume ∆ = 0.The curve Ln(1−M(T ,H)/M(0, H)) vs. Ln(T ) in the insetof Fig. 6 is used to show that our compounds obey Bloch’s
T 3/2 law. It is predicted that the slope of the linear fitof the data Ln(1 − M(T ,H)/M(0, H)) vs. Ln(T ) must beclose to 3/2. We found that slope is closer to 1.5 for allsamples, only for x = 0.1 the slope is nearly 1.57 andtherefore, the system La0.7Ca0.3−xNaxMnO3 belongs 3DHeisenberg class. Fig. 6 shows the reduced magnetization
M(T ,H)/M(H, 0) as a function of T 3/2 for H = 0.1 T forthe system La0.7Ca0.3−xNaxMnO3 with x > 0.1. M(H, 0)was obtained by extrapolating M(H, T ) curves to T = 0using a second order polynomial. The slope of the linearfit plot of the data M(T ,H)/M(H, 0) vs. T 3/2 provided Bvalues. The temperature range considered for fitting was10 – 185 K for x = 0 and 0.05 compositions and 10 – 100K for x > 0.1 compositions. B values are listed in Tab. 2.It can be seen that B is inversely proportional to D3/2.It is well-known that D is directly proportional to theexchange integral A and the Curie temperature is directlyproportional to the total exchange integral A [30].Hence, from the experimental results of the decrease of theCurie temperature and the increase in values of Bwith x,plotted in the Fig. 7, it can be seen that the substitutionof Ca by Na ions causes a decrease in total exchangeintegral A of the samples.

Figure 7. The variation of the prefactor B with x for
La0.7Ca0.3−xNaxMnO3 systems.

On the other hand, the value of B increases (D decrease)with increase of effective cationic radius 〈rA〉 who is not inagreement with the result of N. Ghosh [31] showed that thespin stiffness constant D increases with increase of 〈rA〉in the system La0.7−yNdyPb0.3MnO3, This contradiction isdue to the variation in non monotonous of the variance σ 2with 〈rA〉 for our system. Hence, the thermal evolution ofmagnetization for the low- temperature in our system isinfluenced by the size mismatch σ 2.
4. Conclusion
In this work, we have investigated the crystal structure andmagnetic properties of perovskite La0.7Ca0.3−xNaxMnO3 (0
6 x 6 0.20) compounds. There is no structural transitiondue to substitution of Ca2+ by Na+. All the samples crys-tallize in an orthorhombic structure with the Pnma spacegroup. Our study shows that the structural and magneticproperties depend strongly on the cation-size disorder pa-rameter σ 2. For x = 0.05 and 0.10, σ 2 increases whichcauses a decrease of the cell parameter and the unit cellvolume. On the other hand, we have found that σ 2 de-creases for x = 0.15 and 0.20, which leads to an increase ofthe cell parameters. Magnetic measurements M(T ) showthat our compounds exhibit a paramagnetic-ferromagnetictransition at TC for x = 0 and 0.05. Therefore, the M(T )curves reveal the presence of two types of magnetic tran-sition for x = 0.10, 0.15 and 0.2. The first one is fromthe paramagnetic state to the ferromagnetic one at TC .The second transition occurs at low temperature, indicat-ing the presence of a charge ordered state. We have alsofound that as Ca2+ is progressively replaced by Na+ ions,the total exchange integral decreases causing a decrease
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in the Curie temperature TC .
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