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Abstract The temperature dependence of the resistivity
(ρ) and magneto-resistance (MR) effect of La1−xLixMnOy

(x = 0.05, 0.1, 0.15, 0.2 & 0.25 at.%) fixed valence doped
compounds were studied between 80 and 320 K. X-ray pow-
der diffraction (XRD) at room temperature shows that the
samples are single phase. The resistivity of all samples with
and without magnetic field shows a metal–semiconductor
(M–S) transition for all compositions. In addition, the re-
placement of the Li-substitution results in a reduction of
the transition temperature Tms and increases ρ. In the mag-
netic field of 0.5 Tesla a large negative magnetoresistance
(MR = 50%) was observed, which is encouraging for poten-
tial application of colossal magnetoresistance (CMR) mate-
rial at low fields. We determine the activation energy (Eρ)

in the semiconductor region.

Keywords The resistivity · Colossal magnetoresistance ·
Curie temperature

1 Introduction

The discovery of colossal magnetoresistance (CMR) in per-
ovskite manganites Ln1−xAxMnO3 (Ln is a trivalent rare-
earth ion and A is a divalent alkaline-earth-metal ion) has at-
tracted considerable scientific and technological interest due
to their exotic electrical and magnetic properties [1, 2]. Most
of these interesting physical properties of the manganites are
correlated with the
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double-exchange (DE) mechanism [3, 4], i.e. the hop-
ping of eg electrons between spin-aligned Mn3+ and Mn4+
ions through oxygen ions. Recently, a number of groups
[5, 6] have presented arguments to show that the double-
exchange model alone is not sufficient to explain the CMR
effect of the manganites. They suggested that a strong spin–
phonon interaction arises from the Jahn–Teller effect (defor-
mation of the Mn+3O6 octahedra) in conjunction with the
spin-electron-phonon interaction triangle, which is typical
for manganites and plays an important role in the localiza-
tion of carriers and origin of CMR. The lattice distortion
not only influences the effective transfer integral of eg elec-
trons but also the superexchange interaction between man-
ganese ions, as well as the magnetic structure of the com-
pounds. Different local distortions of the lattice around dif-
ferent ions could result in magnetic inhomogeneity in the
compounds and give rise to an intriguing magnetic struc-
ture and MR behavior [7]. One of the main features of
doped rare-earth manganites is the electronic phase sepa-
ration [8] scenario. This separation into insulating super-
exchange coupled and metallic double-exchange coupled
phase segments occurs predominantly below the Curie tem-
perature TC, which might explain the complicated and fasci-
nating CMR behavior well below and above the Curie tem-
perature, TC. So far, most studies have focused on the di-
valent alkaline-earth-metal doping in Ln1−xAxMnO3 com-
pounds. In contrast, there are few reports on the study of
monovalent alkaline-metal-doped samples [9–17]. Due to
the differences in valence, alkaline-earth-metal doping and
alkali-metal doping in LaMnO3 can result in remarkably
different consequences. In particular, it was reported that
Ln1−xAxMnO3 (A = Na, K, Li and Rb) compounds crystal-
lize in a rhombohedrally distorted perovskite structure with-
out static Jahn–Teller deformation (space group R3-c) [18].
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Therefore, the study of alkali-metal doping will offer
a complementary understanding on the structure and elec-
tronic transport of doped LaMnO3 crystals, which is signifi-
cant for achieving a complete understanding of the CMR ef-
fect in distorted perovskite manganites. Specifically, in this
manuscript, we report here the effect of the lithium substitu-
tion on the physical properties of samples.

2 Experimental

The polycrystalline La1−xLixMnOy samples (x = 0.05,
0.1, 0.15, 0.2 and 0.25 at.%) have been prepared by stan-
dard solid-state reaction method; stoichiometric amounts of
La2O3, Li2CO3 and MnCO3 powders (all having 99.99%
purity) were thoroughly mixed and grinding. After grind-
ing, the powders were pressed into pellets with a pressure
of 2 ton/cm2 and calcined at 1273 K for 15 h. Followed by
cooling to room temperature, they were reground and again
pressed into pellets with a pressure of 7 ton/cm2 and sub-
sequently annealed at 1373 K for 10 h. The samples were
examined by X-ray powder diffraction analysis, which in-
dicated the presence of single phase with perovskite-type
structure. The XRD analysis was performed using Brucker
(Axs-D8Advance) diffractometer at room temperature with

CuKα radiation (λ = 1.5406 Ǻ). The resistivity was mea-
sured as a function of temperature using the standard four-
probe method and air-drying conducting silver paste as in
previous works [16, 17, 19]. The magnetoresistance (MR)
ratio is defined by MR = δρ/ρo = (ρH − ρo)/ρo, where ρH

and ρo are resistivities with and without an applied magnetic
field (0.5 T), respectively.

3 Results and Discussion

Figure 1 shows powder X-ray diffraction patterns of the
polycrystalline La1−xLixMnOy samples (x = 0.05, 0.1,
0.15, 0.2 & 0.25 at.%). The XRD patterns of samples reveal
that the prepared samples have a single-phase rhombohe-
dral structure with a space group R3-c (this results agree
with Shimura [18] and Wang et al. [20]). In general, all
the peaks of five samples satisfy the La–Li–Mn–O phase.
The structural parameters are refined by the standard Ri-
etveld technique [21]. The lattice volume, lattice distortion
and the bond lengths (Mn–O) decrease with increasing Li-
substitution [22]. It is well known that one of the possible
origins of the lattice distortion of perovskite-based struc-
tures is the deformation of the MnO6 octahedra originating
from Jahn–Teller (JT) effect that is inherent to the high-spin
(S = 2) Mn3+ ions with double degeneracy of the eg or-
bital. Obviously, this kind of distortion is directly related

Fig. 1 X-ray diffraction patterns of La1−xLixMnOy

to the concentration of Mn3+ ions. Another possible ori-
gin of the lattice distortion is the average ionic radius of
the A-site element, which is related to the tolerance factor t

[t = (rA + ro)/
√

(rB + ro)], where rA, rB and ro radius of
A cation, B cation and oxygen element. As t is close to 1,
the cubic perovskite structure is realized. As rA decreases,
so does t , and the lattice structure transforms to the rhombo-
hedral (0.96 < t < 1) and then to the orthorhombic structure
(t < 0.96), in which the bending of B–O–B bond increase
and the bond angle deviates from 180°. For LaLiMnO3 sam-
ples, we think that the room-temperature structural transfor-
mation originates mainly from the variation of the tolerance
factor t induced by the partial substitution of smaller Li1+

(r = 0.76 Ǻ) ions for large La3+ ions (r = 1.032 Ǻ). This
results agree with Ye et al. [22]. The reverse lattice distor-
tion from orthorhombic to rhombohedral symmetry due to
larger Sr3+ ions partially substituting for La3+ ions has been
observed La1−xSrxMnO3 compounds [23, 24].

Figure 2 shows the variation of resistivity with tempera-
ture for La1−xLixMnOy . Obviously, the resistivity increases
with Li doping. We expect that when the Li-content in-
creases not only the La-content decreases but also the charge
carrier density [25], which leads to a reduction of the dou-
ble exchange which is proportional to bandwidth. Therefore,
the La/Li configuration plays a prominent role in controlling
the resistivity. Consistently, the figure shows that the transi-
tion temperature (M–S) for LaLiMnOy decreases with the
increase of Li. These compounds have a distinct metallic
phase below the transition temperature (Tms), and above this
temperature they become semiconducting.

The equilibrium metal-insulator transition temperature
might be Tms or the small structure found on the ascend-
ing slope of Fig. 3a, b. However, both go to low temper-
atures with increasing Li doping. The inset of Fig. 2 re-
veals that Tms moves to lower temperatures with the incre-
ment of the lithium concentration. The lithium will alter the
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Fig. 2 The resistivity versus temperature for La1−xLixMnOy the inset
shows the composition dependence of the temperature transition (Tms)

Mn4+/Mn3+ ratio, which is one of the factors which deter-
mine the transport and magnetic properties of samples. In
addition a decrease in Tms with increasing Li-content can
be interpreted as an increasing strength of the Mn–O–Mn
bond with decreasing average A site ionic radius 〈rA〉 due to
the partial substitution of smaller Li1+ ions for larger La3+
ions. This substitution causes a narrowing of the bandwidth
and thus decreasing of eg electrons, which in turn results
in a weakening of the double-exchange mechanism via the
bandwidth b [26].

The conduction above the insulator–metal transition tem-
perature (Tms) is still a matter of controversy as numer-
ous groups have reported different behavior. Some of these
groups find that the mechanism of conduction above Tms is
an extended state [27, 28]. In this case, the dependence of σ

on T can be represented by the well-known Arrhenius for-
mula:

ρ = ρo exp(Eρ/kBT ) (1)

where σo is the pre-exponential factor (which includes the
carrier mobility and density of states), Eρ is the correspond-
ing activation energy of electrical conductivity and kB is the
Boltzmann constant. Others find that Mott’s Variable Range
Hoping (VRH) expression is appropriate [29, 30].

ρ = ρo exp

[(
To

T

)1/4]
, (2)

To = 16[α3/kBN(EF)] (3)

where ρo is a pre-exponential factor, α is the coefficient
of exponential decay of the localized state wave function,
which assumed to be 0.124 Å−1 and N(EF) is the density of
localized states (DOLS) at the Fermi level.

Table 1 Variations of Ee (eV) and σo (�−1 cm−1 as functions of com-
positions for La1−xLixMnOy system (high range T )

X Eρ (eV) ρo1 (� cm)

0.05 0.1711 1295.562

0.1 0.1654 1885.975

0.15 0.1512 493.045

0.2 0.1303 223.247

0.25 0.0318 7.229

Table 2 Variations of N(EF) (cm−3 eV−1), N (cm−3 and ρo2
(� cm K1/2) as functions of compositions for La1−xLixMnOy system
(above Tm)

X N(EF) eV−1 cm−3 N = 2kBT N(EF) (cm−3) ρo2 (� cm K1/2)

0.05 4.750 E18 2.456 E17 3.470 E−07

0.1 1.751 E18 9.054 E16 1.990 E−09

0.15 1.094 E18 5.657 E16 2.418 E−10

0.2 7.487 E17 3.871 E16 1.951 E−11

0.25 5.357 E17 2.770 E16 1.470 E−12

Because we have a divided resistivity above Tms, we dis-
cuss both parts separately. One part (the higher tempera-
tures) is close to an Arrhenius law, the other is closer to
a Mott law (VRH). So we did further reduce the data ac-
cording to these two models without claiming to understand
completely the underlying transport mechanism.

Using (1), we calculated Eρ in the high range of T and
tabulated the results in Table 1. It is obvious that both the
values of Eρ and σo decrease with increasing Li-content;
this shows that the thermal activity of LaLiMnO composi-
tion increases with increasing Li-content. The larger values
of Eρ (see Table 1) agree with previous work [27, 28]. The
values of Eρ change from 0.032 to 0.171 eV.

The Mott parameters of variable range hopping con-
duction, namely, the density of localized states (DOLS)
at the Fermi level, N(EF), are calculated from the slopes
above Tm. The concentration of conduction electrons (N )
within a range of kBT of the Fermi energy can be calcu-
lated using 2kBT N(EF). The compositional dependencies
of N(EF), N , are calculated and recorded in Table 2. The
obtained N(EF) and N data are decreased with the inves-
tigated compositions. On the other side, the values of ρo2
were decreased with increasing Li-content. The charge car-
rier concentration (N ) decreases with increasing Li concen-
tration in La1−xLixMnOy , confirming the observed increase
in resistivity as due to a decrease in carriers with Li substi-
tution.

The temperature dependences of the resistivity in zero
applied field (ρo) and at 0.5 T (ρ0.5 T) of the five samples
are shown in Fig. 3. The resistivity shows a semiconducting
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Fig. 3 The variation of resistivity in zero magnetic field and H = 0.50 T with respect to temperature for Li content of La1−xLixMnOy where
a − x = 0.05, b − x = 0.1, c − x = 0.15, d − x = 0.2 and e − x = 0.25 at.%
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Fig. 4 Li doping level dependence of room temperature MR of
La1−xLixMnOy at magnetic field 0.5 T

behavior above the metal-semiconductor transition temper-
ature (Tms) for all cases. An applied magnetic field of 0.5 T
suppresses the resistivity, giving a large negative magnetore-
sistance. The resistivity at Tms decreases with the highest
value, this shows a high magnetoresistance (MR) at Tms and
below it. As shown in Fig. 4, the MR decreases with increas-
ing the level of doping Li at room temperature. The value
of MR reaches 50% at room temperature especially for low
content of Li, which is encouraging for potential application
of colossal magnetoresistance (CMR) material at low fields.
As mentioned before, above Tms the resistivity is much ac-
tivated as function of T , it changes from a fraction of �-cm
to 500 � cm for samples rich with Li-content. Therefore, it
is observed that the values of MR are approximately of the
whole range of T for every sample.

The negative magnetoresistance MR% defined as:

MR = (ρH − ρo)/ρo (4)

4 Conclusion

Electrical resistivity and magnetoresistance of monovalent
alkali metal (Li) substituted LaMnO3 polycrystalline pellets
prepared by solid-state reaction procedure have been studied
between 80 and 320 K. X-ray diffraction patterns showed a
single-phase rhombohedral structure of all samples. The re-
sistivity versus temperature shows a metal–semiconductor
transition for all samples. The M–S transition temperature
decreases with increasing Li-content. This is due to the par-
tial substitution of smaller Li1+ ions for larger La3+ions or
due to Zener bond blocking.

The MR ratio of the LaLiMnOy is about 50% under a
low field (H = 0.5 tesla) for low doping Li-content. This

result opens new opportunities to improve the performance
of colossal magnetoresistive devices.
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