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Abstract. The crystal structure and magnetoresistance of La1−xNaxMnO3 (0.056 x 6 0.20)
are investigated. La1−xNaxMnO3 crystallizes in a rhombohedrally distorted perovskite structure
and exhibits a sharp ferromagnetic transition as well as a negative magnetoresistance at around
room temperature. On the basis of alternating-current susceptibility and resistivity measurements
as well as a comparison with La1−xSrxMnO3 compounds, it is proposed that Na doping tends to
drive the system from a regime characterized by strong Hund coupling and strong electron–phonon
coupling to one characterized by weak Hund coupling and weak electron–phonon coupling.

1. Introduction

The perovskite manganese oxides R1−xAxMnO3 (R = rare-earth metal; A= divalent element)
have attracted considerable attention recently owing to their colossal-magnetoresistance
(CMR) effects [1]. Study of the CMR effects in R1−xAxMnO3 could benefit our understanding
of strongly correlated electron systems. It was believed that the spin structure and electronic
properties of R1−xAxMnO3 were correlated via the double-exchange mechanism [2–4].
However, Millis et al argued that double exchange alone could not explain the CMR effects
in R1−xAxMnO3, and proposed that a strong electron–phonon coupling, e.g. via Jahn–Teller
effects, should play an important role [5–7]. A magnetic and electronic phase diagram was
established for R2/3A1/3MnO3 to represent lattice effects [8, 9]. It was also shown that the
tolerance factor was a key parameter in determining the magnetic and transport properties of
the compounds, because it affects the bending of Mn–O–Mn bonds and therefore the one-
electron bandwidth. Archibaldet al suggested an unusual trapping out of mobile holes above
Tc due to local, static Jahn–Teller deformation [10]. Up to now, most of the studies have
concentrated on divalent-ion-doped R1−xAxMnO3 compounds (A= Ca, Sr, Ba, Pb, etc) and
most of the compounds investigated crystallize in an orthorhombically distorted perovskite
structure (O′-type; c/

√
2 < a < b; space groupPbnm) with a cooperative ordering of

Jahn–Teller-distorted Mn3+O6 octahedra [11]. In contrast, there are few reports on perovskite
manganates doped with monovalent alkali-metal ions [12]. Alkaline-earth-metal doping and
alkali-metal doping of LaMnO3 can lead to different consequences, e.g. the latter can lead
to (i) less inhomogeneity, because fewer impurity ions (i.e. alkali-metal ions) are needed to
achieve a specific carrier concentration, and (ii) larger random-potential fluctuations being
experienced by the electrons in theσ ∗-band, due to the larger difference in valence between
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La3+ and the alkali-metal ions [13]. In particular, it was reported that LayAxMnwO3 (A = Na,
K, Rb) compounds crystallized in a rhombohedrally distorted perovskite structure without
static Jahn–Teller deformations (space groupR3c) [12]. Therefore, the study of alkali-metal-
doped perovskite manganates would offer significant complementary understanding of the
CMR effects in these compounds. In this paper, we report on the crystal structure and
magnetoresistance of sodium-doped LaMnO3 compounds.

2. Experimental procedure

La1−xNaxMnO3 bulk samples (x = 0.05, 0.10, 0.125, 0.15, 0.175, and 0.20) were prepared
by a standard ceramic processing technique. Well mixed stoichiometric mixtures of La2O3,
Na2CO3, and MnO2 were calcined at 1273 K for 24 h. The powder thus obtained was ground,
pelletized, and sintered at 1473 K for 96 h with an intermediate regrinding, then furnace
cooled to room temperature. X-ray powder diffraction was carried out by using a Rigaku x-ray
diffractometer with a rotating anode and Cu Kα radiation. The ac susceptibility between 77 K
and∼350 K was measured by means of a sensitive mutual-inductance method at a frequency
of 320 Hz and in a low field of 0.4 mT. The resistance was measured by a standard four-probe
method between 77 K and∼350 K in magnetic fields of zero and 1 T, respectively.

Table 1. The final structural parameters of La0.9Na0.1MnO3 (space groupR3c, a = 5.5263(1)
andc = 13.3499(1) Å in a hexagonal setting,Rp = 10.27%,Rwp = 15.70%,S = 1.32).

Ion Site x y z Occupancy

La3+ 6a 0.0 0.0 1/4 0.9
Na+ 6a 0.0 0.0 1/4 0.1
Mn3+ 6b 0.0 0.0 0.0 0.8
Mn4+ 6b 0.0 0.0 0.0 0.2
O2− 18e −0.5516(11) 0.0 1/4 1.0

Figure 1. The XRD pattern of the compound La0.9Na0.1MnO3. The observed data are indicated by
crosses, and the calculated profile by a solid trace. The lowest trace shows the difference between
the observed and calculated patterns. The vertical bars indicate the expected reflection positions.
The asterisks denote the peaks from Mn3O4.
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3. Results

X-ray powder diffraction (XRD) at room temperature shows that the synthesized samples
are close to single phase with a small amount of Mn3O4 impurity phase. The amount of
the impurity phase is estimated to be less than 5 wt% on the basis of XRD data, and no
anomalies in the ac susceptibility and resistivity could be attributed to the impurity phase.
The XRD pattern of the main phase can be indexed by a rhombohedral lattice with space
groupR3c, which is consistent with the previous report on LayNaxMnwO3 compounds which
were synthesized in O2 flow [12]. The lattice parameters of La1−xNaxMnO3 decrease linearly
with x. The structural parameters were further refined by a standard Rietveld technique [14].
Figure 1 shows the observed and calculated XRD patterns of La0.9Na0.1MnO3. The structural
parameters are listed in table 1. In the refinement of the crystal structure, we tried to refine
the occupancies of ions at (La3+, Na+) and (Mn3+, Mn4+) sites, but the refinement result was
not significantly improved. Therefore, the nominal composition is tentatively taken as the
composition of the compound, and the nominal Mn3+/Mn4+ ratio was used in the Rietveld
refinement. The structure of La1−xNaxMnO3 is derived from the distortion of a primary cubic
perovskite structure by rotations of MnO6 octahedra along each (111) axis that release some
internal stress due to the size mismatch of the ions (with tolerance factort < 1). In contrast to
the case for the orthorhombically distorted perovskite structure (O′ type), there is no buckling in
the rhombohedral structure, the three Mn–O bonds are identical (=1.9660(2) Å for x = 0.1),
the O–Mn–O bond angle deviates slightly from 90◦ (it is either 91.12(6)◦ or 88.88(6)◦ for
x = 0.1), and the Mn–O–Mn bond angle (163.2(7)◦ for x = 0.1) is larger than that in the
orthorhombic structure. Therefore, there are no static Jahn–Teller effects at room temperature
in La1−xNaxMnO3.

Figure 2. The temperature dependence of the low-field ac susceptibility of La1−xNaxMnO3. The
inset shows the composition dependence of the Curie temperature.

Low-field ac susceptibility measurement reveals a sharp ferromagnetic transition in
La1−xNaxMnO3 compounds (figure 2). The Curie temperature,Tc, increases linearly with
x for x 6 0.15, then levels off and increases at a slower rate (see the inset in figure 2).
For the compound withx = 0.05, an anomaly is exhibited belowTc. Anomalies belowTc
were also observed in the temperature dependence of the resistivity of some LayNaxMnwO3

compounds, and were considered to be an intrinsic characteristic of the compounds [12]. Since
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the corresponding anomaly does not exist in La1−xNaxMnO3 with higher sodium content, a
contribution from the impurity phase cannot be the cause of the anomaly. Taking into account
the fact that the anomaly occurs exclusively in the sample with the lowest sodium content,
and the large difference in valence between La3+ and Na+, which results in a large potential
fluctuation experienced by the eg electrons, it is plausible to attribute the anomaly to the
existence of a magnetic inhomogeneity in the compounds [15,16].

Figure 3. The temperature dependence of the resistivity of La1−xNaxMnO3. The inset shows the
dependence of the maximum resistivity,ρm, on the sodium content.

Figure 4. The temperature dependence of the magnetoresistance ratio of La1−xNaxMnO3 at
H = 1 T. The magnetoresistance was measured between 77 K and∼300 K.

Figure 3 shows the temperature dependence of the resistivity of La1−xNaxMnO3. A
pronounced peak of the resistivity occurs atTp (∼Tc), indicating a metal–insulator (M–I)
transition. The maximum resistivity,ρm, of the compounds decreases rapidly with the sodium
content at lowerx (see the inset in figure 3). As the sodium content increases further,ρm
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decreases gradually and the rate of the resistivity decrease with temperature aboveTc is
reduced. When a magnetic field is applied, the resistivity of the compounds is decreased
and the resistivity peak shifts to a higher temperature, leading to a negative magnetoresistance
at aroundTc. Figure 4 shows the temperature dependence of the magnetoresistance at 1 T,
where the MR ratio is defined as1R/R = (R(1 T) − R(0))/R(0). Forx 6 0.15, the max-
imum MR at 1 T decreases with the increase ofTc, as reported for alkaline-earth-metal-doped
LaMnO3 [15,17]. In contrast, the maximum MR at 1 T seems to increase withTc for x > 0.15.

4. Discussion

It is well known that the parent compound LaMnO3 crystallizes in an orthorhombically
distorted perovskite structure with a strong static Jahn–Teller distortion. Pure LaMnO3 is
an antiferromagnetic insulator associated with the large correlation energy of the d electrons in
the eg band. When divalent ions such as Ca2+, Sr2+, and Ba2+ substitute partially for trivalent
La ions, hole doping occurs in the eg band near the Fermi level, and ferromagnetism and
metallic conductivity can be induced simultaneously in appropriately hole-doped compounds
via the hopping of the eg electrons [2–4]. It is instructive to compare the properties
of La1−xNaxMnO3 compounds with those of La1−xSrxMnO3 compounds. As the hole
doping increases, the crystal structure at room temperature of La1−xSrxMnO3 changes from
orthorhombic(Pbnm,Z = 4, x < 0.175) to rhombohedral(R3c, Z = 2, x > 0.175) [18],
and the Jahn–Teller deformation above the magnetic transition changes accordingly from
static to dynamic. Atx ' 0.27 the paramagnetic insulator (PI) La1−xSrxMnO3 changes into a
paramagnetic metal (PM). Betweenx = 0.175 and 0.27, there is apparently a transition from
strong Hund coupling between eg and t2g spins to weak Hund coupling [19]. In the weak-Hund-
coupling region(x > 0.27), Tc for La1−xSrxMnO3 is less sensitive to an external pressure or
to the change in bandwidth [19], and therefore changes only slightly with the tolerance factor
or the bending of the Mn–O–Mn bond [8, 18]. In addition, it was argued that the PI-to-PM
transition corresponds to a transition from a strong electron–phonon coupling, which gives
rise to a high resistivity, to a weak electron–phonon coupling that favours a low resistivity [7].
All of these transients seem to be associated with the structural transition. Therefore, it is
reasonable to speculate that the La1−xNaxMnO3 compounds investigated, which crystallize in
the rhombohedral perovskite structure, would be driven to a region of weak Hund coupling
and weak electron–phonon coupling as the sodium doping increased. This picture seems to be
supported by the observations that the increase ofTc and the decrease ofρm with x are more
pronounced forx 6 0.15 than forx > 0.15 (see the insets in figures 2 and 3), and that the
rate of the decrease of resistivity aboveTc is reduced asx increases. The transient character of
the couplings is a plausible reason for the absence of a PI–PM transition in La1−xNaxMnO3

(x 6 0.20) and the anomalous relation between the maximum MR andTc at higher sodium
content.

While there has been extensive study of orthorhombically distorted perovskite manganate,
the electronic and magnetic properties of the rhombohedrally distorted perovskite manganate
are less frequently addressed. One of the obstacles might be the fact that the rhombohedral
phase is obtained exclusively in LaMnO3 that is doped with larger alkaline-earth-metal
substitution in LaMnO3—for example, in La1−xSrxMnO3 (x > 0.175) and La1−xBaxMnO3—
i.e. the R phase seems to be associated with largert [20]. The alkali-metal-substituted LaMnO3

compounds provide an opportunity for a further investigation of the rhombohedral manganates
with a smallert (for the compounds that we investigated,t ranges from 0.910 to 0.927), which
is of significance for an overall understanding of the CMR effects in perovskite manganate.
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5. Summary

In summary, the crystal structure and MR properties of La1−xNaxMnO3 compounds(0.056
x 6 0.20) have been investigated. It is proposed that a crossover from strong Hund coupling
and strong electron–phonon coupling to weak Hund coupling and weak electron–phonon
coupling occurs in La1−xNaxMnO3; this seems to be related to the fact that the rhombohedrally
distorted perovskite structure does not show static Jahn–Teller effects. To achieve a complete
understanding of the CMR effects in the distorted perovskite manganates, further investigations
of the perovskite manganates with structure distortions other than orthorhombic ones are
necessary.
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