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Abstract. The temperature-dependent resistivity of the perovskite manganites La1−xCaxMnO3, with
x = 0.33, is theoretically analysed within the framework of the classical electron-phonon model of re-
sistivity, i.e., the Bloch-Gruneisen model. Due to inherent acoustic (low-frequency) phonons (ωac) as well
as high-frequency optical phonons (ωop), the contributions to the resistivity have first been estimated.
The acoustic phonons of the oxygen-breathing mode yield a relatively larger contribution to the resistivity
compared to the contribution of optical phonons. Furthermore, the nature of phonons changes around
T = 167 K exhibiting a crossover from an acoustic to optical phonon regime with elevated temperature.
The contribution to resistivity estimated by considering both phonons, i.e. ωac and ωop, when subtracted
from thin film data, infers a power temperature dependence over most of the temperature range. The
quadratic temperature dependence of ρdiff . = [ρexp.− {ρ0 + ρe-ph(= ρac + ρop)}] is understood in terms of
electron-electron scattering. Moreover, in the higher temperature limit, the difference can be varies linearly
with T 4.5 in accordance with the electron-magnon scattering in the double exchange process. Within the
proposed scheme, the present numerical analysis of temperature dependent resistivity shows similar results
as those revealed by experiment.

PACS. 5.47.Gk Colossal magnetoresistance – 72.15.-v Electronic conduction in metals and alloys –
74.25.Kc Phonons – 75.30.Ds Spin waves

1 Introduction

Interest in the doped perovskite manganites
R1−xAxMnO3 (R3+ = La, Pr, Nd; A2+ = Ca, Sr,
Ba) has been revived due to the identification of metal-
insulator (MI) and ferromagnetic transitions from the
phase diagram. Quite generally these systems are re-
garded as spin-charge-lattice coupled metal oxides and
tremendous amount of work has been carried out in
some detail recently to elucidate the low temperature
transport [1]. However, manganites are at the centre of
research activity, since the pioneering work of Jonker and
Van Santen, who noticed that the resistance below the
magnetic ordering, the Curie temperature (Tc), exhibits
a positive thermal coefficient, indicating metallic-like
behaviour and a negative gradient above Tc [2]. Later on,
the suggestion that Zener-type [2] double exchange (DE)
between spin-aligned Mn3+ (t32ge

1
g) and Mn4+ (t32g) ions

through oxygen ions gives rise to metallic conductivity
and ferromagnetism was also proposed [3].

The temperature dependence of the resistivity of the
doped manganites has been viewed as an important clue
in the understanding of the mechanism involved. Millis
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et al. [4] argued that a Hamiltonian containing only dou-
ble exchange is insufficient to account for large magne-
toresistance observed in these compounds and suggested
that a strong electron-phonon interaction mediated by
Jahn-Teller (JT) coupling is essential. Furthermore, the
electron-phonon coupling for the hopping process is signif-
icant as revealed from the measurements of neutron cross
section for coherent elastic scattering [5]. That is why in-
vestigations of the electrical transport of doped mangan-
ites could, therefore, contribute much to the understand-
ing also of electronic structure, role of phonons and so on.

Quite generally, the Raman and neutron scattering
spectroscopy are believed to be important in probing the
lattice and spin excitations and their impact on trans-
port properties. To ascertain their significance, Abra-
shev et al. [6] analyze the polarized Raman spectra of
La0.7Ca0.3MnO3 thin films whose lowest optical mode
has an equivalent temperature of (≈330 K) (230 cm−1),
and the broad Raman peaks centered near 470, 480 and
610 cm−1 display a correlation with the resistivity of the
sample. It is argued that these bands correspond to lattice
vibrations activated by the dynamic Jahn-Teller distor-
tions and have significant contribution to the resistivity.
Moreover, other previous studies [7] on parent LaMnO3

showed strong broad lines in the 450 to 600 cm−1 range



130 The European Physical Journal B

which were assigned to vibrations activated by the dy-
namic Jahn-Teller distortion. Hence, Raman spectroscopic
studies point to the significant role of electron-phonon in-
teractions in the DE mechanism for the material under
consideration. On the other hand, neutron scattering mea-
surements favor the spin-wave excitations below Tc for fer-
romagnetic phase transition [8].

The electrical resistivity as a function of tempera-
ture in doped manganites exhibits three regimes: low-
temperature metallic like conduction with an unexpect-
edly large absolute value of the resistivity, an abrupt
drop in resistivity associated with magnetic ordering, and
high-temperature activated conduction. Electron-electron,
electron-magnon scattering and polaronic effects are the
major proponents of various regimes in electrical resistiv-
ity behavior of doped manganites. It was first pointed out
by Kubo and Ohata [9] that the perfect spin polarization
of conduction electrons makes a qualitative change in the
scattering processes of charge carriers by magnon-electron
interactions, leading to T 4.5 dependence in a DE system.
It is worth referring to an earlier work of Urushibara
et al. [10], who have reported the resistivity data of
La1−xSrxMnO3, and fitted their data with the quadratic
temperature dependent contribution for resistivity, an in-
dicative of electron-electron interaction. In continuation,
Schiffer et al. [11] showed that in La1−xCaxMnO3 for a
wide range of doping concentrations, that the resistivity
for T < 0.5 Tc is well fitted by the empirical expression
ρ(T ) ∝ T 2.5 and ascribed to usual electron-electron scat-
tering.

However, Jaime et al. [12] ruled out the possibility of
electron-electron scattering as the conduction mechanism
and proposed single magnon scattering, which causes the
power temperature dependent resistivity of conventional
ferromagnets. The resistivity is essentially temperature in-
dependent below 20 K and exhibits a strong T 2 depen-
dence above 50 K in accord with the fact that the coef-
ficient of the T 2 term is about 60 times larger than that
expected for electron-electron scattering. The model cal-
culations with single magnon scattering can explain the
reported data qualitatively but no quantitative agreement
is established. The above results suggest that the electron-
magnon scattering may be expected to be an important
cause of resistivity in the metallic state.

An alternative explanation of the low-temperature
electrical transport [13] of doped manganites is the po-
laronic effects due to electron-phonon coupling arose from
dynamic JT effect, based on an argument that polarons
remain predominant charge carriers even below Tc, and
that transport is dominated by polaron tunneling. The
analysis of Zhao and coworkers [13] following the small
polaronic transport with soft phonons (≈60 cm−1) consis-
tently retraces the resistivity data of La1−xCaxMnO3 be-
low 100 K. The theory, based on a polaron picture, thus
demonstrates the lowest optical modes to be significant
for electrical resistivity, in contrast to the recent Raman
spectroscopy measurements [6]. We also quote the work
of Oleś and Feiner who stressed the importance of elec-
tron correlation, believed to be one of the important key

factors controlling the transport properties in doped man-
ganites [14].

Previously, the role of high-energy optical phonons as
evident from Raman scattering measurement has been in-
corporated when fitting the temperature dependent resis-
tivity in ferromagnetic state of La0.67Ca0.33MnO3. It is
the purpose of the present investigation to explore the
possibility of high-energy optical phonons associated with
the bending and stretching modes of octahedra in order
to estimate the temperature dependent resistivity, in con-
trast to the previous theoretical work using the soft opti-
cal phonon mode [13] incorporating the magnitude and
temperature dependence of resistivity. Also, we aim to
identify the contribution of electron and spin excitations
apart from lattice excitations in the transport mechanism
of doped manganites.

The present investigations are organized as follows. In
Section 2, we introduce the model and sketch the formal-
ism applied. Later on, we supply technical details to esti-
mate the phonon contribution to resistivity and support
them by simple physical arguments before summarizing
our results. The Debye and Einstein temperatures are ob-
tained following the inverse-power overlap repulsion for
nearest-neighbour interactions in an ionic solid. We em-
ploy the Bloch-Gruneisen method to estimate the inde-
pendent contributions of acoustic and optical phonons. In
Section 3, we return to the details of numerical analysis
and discussion of results obtained by way of resistivity
curves.

The major findings include: (i) acoustic phonons of
the oxygen breathing mode yield a relatively large con-
tribution to the resistivity compared to the contribution
of optical phonons; (ii) the quadratic temperature depen-
dence of ρdiff [= ρexp− (ρ0−ρe-ph)] is interpreted in terms
of electron-electron scattering in the low temperature do-
main (85 K ≤ T ≤ 160 K), following a T 4.5 dependence
at elevated temperature in accord with the scattering of
electron-electron and electron-magnon. Here the notation
ρ0 symbolizes the residual resistivity. The successful fit-
ting of ρ(T ) for the test material clearly demonstrates the
validity of the approach and infers that it may be useful in
analyzing the lattice contribution to ρ (T ) in other doped
manganites.

The final part of the paper is devoted to conclusions
and is presented in Section 4. The effects of electron-
electron and electron-magnon scattering are substan-
tial enough to yield a right shape of the temperature-
dependent resistivity and in fairly good agreement with
experiments. It is worth noticing that the detailed infor-
mation on physical parameters in correlated electron sys-
tem, such as manganites can be understood by electrical
transport phenomenon.

2 Method of calculations

We start by briefly describing the electronic structure of
perovskite La1−xCaxMnO3. The bandwidth of the con-
duction band is primarily determined by the overlapping
of the manganese and oxygen. The larger the overlap, the
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wider the band. For a given distance between the man-
ganese and oxygen ions the overlap is largest when the
Mn-O-Mn bond angle is 180◦. This occurs when a man-
ganese and six oxygen ions form regular octahedra. But if
lanthanum is replaced with a smaller ion, the octahedra
buckle and the bond angle becomes smaller. The struc-
tural instability in La-Ca-MnO arises out of the twofold
orbital degeneracy of Mn3+ leading to optical breathing-
mode vibration of oxygen atoms. In this respect, elas-
tic coupling of these vibrations at individual sites stabi-
lizes cooperative distortions which can be either long or
short range. We anticipate that both acoustic and optical
phonons participate in the process of electrical conduction.

We begin by discussing the phonon mechanism.

2.1 Estimation of Debye and Einstein temperature

The interpretation of the experimental data is in the
framework of the electron-phonon interaction using the
model phonon spectrum consisting of acoustic branch of
Debye type and a widely separated optical peak with char-
acteristic Einstein temperature. Usually, the ideal cubic
structures perovskite ABO3 posses around fifteen nor-
mal modes of vibration. The Raman measurements yield
the phonon spectrum that consists of a triply degenerate
acoustical mode at the zone center, and three infrared
(IR) active optical modes allowed for cubic symmetry.
These phonon modes are classified as external, bending
or stretching modes depending on the energy scale. The
lowest frequency (external mode) corresponds to a vibra-
tion of the A ions against the rigid BO6 octahedra. The
intermediate frequency (bending mode), corresponds to a
vibration where the B ion and two apical oxygens move
against the other four oxygens of the octahedron. At the
highest frequency (stretching mode), the B ion moves
against the rigid oxygen octahedron [15].

With these facts in mind, we choose a model phonon
spectrum along the conducting Mn-O plane consisting of
two parts: an acoustic Debye branch characterized by the
Debye temperature θD and an optical peak defined by the
Einstein temperature θE . The Debye frequency is charac-
terised as a cut off frequency at the Brillouin zone bound-
ary, and it can be expressed in terms of effective value of
ionic mass and elastic force constant for crystal lattices
with two different kind of atoms such as Mn and O, which
we deal with. The acoustic-mode and optical-mode fre-
quencies are estimated in an ionic model using a value of
effective ion charge Ze = −2e. The Coulomb interactions
among the adjacent ions in an ionic crystal in terms of
inverse-power overlap repulsion as [16]

Φ(r) = −(Ze)2
[
1
r
− f

rs

]
, (1)

f being the repulsion force parameter between the ion
cores. The elastic force constant κ is conveniently de-
rived from Φ(r) at the equilibrium inter-ionic distance r0

following

κ =
(

∂2Φ

∂r2

)
r0

= (Ze)2
[
s − 1
r3
0

]
. (2)

Here, s is the index number of the overlap repulsive po-
tential. We choose an acoustic mass M ′ = (2M+ + M−)
[Mn (O) is symbolised by M+(M−)], κ∗ = 2κ for each
directional oscillation mode to get the acoustic phonon
frequency as

ωD =

√
2κ∗

M ′ ,

= 2(Ze)

√
(s − 1)

M ′
1
r3
0

. (3)

Furthermore, when the phonons belong to optic
modes, their frequency is determined by the reduced mass
as µ−1 = M(Mn)−1 + M(O)−1 [17]

ω2
LO =

κ + η

µ
(4)

and
ω2

TO =
κ − η

µ
(5)

where η is the force constant as

η =
8π

3
(Ze)2

Ω
(6)

ωLO (ωTO) indicates the longitudinal (transverse) optical
phonon frequency and Ω the volume of the unit cell.

We proceed to include the temperature dependent re-
sistivity for La0.67Ca0.33MnO3 manganites.

2.2 Metallic resistivity

To formulate a specific model, we start with the general
expression for the temperature dependent part of the re-
sistivity, given by [18]

ρ =
3π

�e2v2
F

2kf∫
0

|v (q)|2
〈
|S(q)|2

〉(
1

2kF

)4

q3dq (7)

v(q) is the Fourier transform of the potential associated
with one lattice site, vF being the Fermi velocity and S(q)
is the structure factor. Following the Debye model it takes
the following form

|S (q))|2 ≈ kBT

Mv2
s

f(x) (8)

f(x) = x[ex − 1]−1[1 − e−x]−1 (9)

f(x) represents the statistical factor with x = �ω/kBT .
Thus the resistivity expression leads to

ρ ≈
(

3
�e2v2

F

)
kBT

Mv2
s

∫ 2kF

0

|v (q))|2
[

xq3dq

[ex − 1][1 − e−x]

]
.

(10)
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vs being the sound velocity. Equation (10) in terms of
acoustic phonon contribution yields the Bloch-Gruneisen
function of temperature dependent resistivity:

ρac (T, θD) = 4Aac (T/θD)4

× T

θD/T∫
0

x5 (ex − 1)−1 (
1 − e−x

)−1
dx (11)

where, x = �ω/kBT . Aac is a constant of proportionality
defined as

Aac
∼= 3π2e2kB

k2
F v2

sL�v2
F M

. (12)

If the Matthiessen rule is obeyed, the resistivity may
be represented as a sum ρ(T ) = ρ0 + ρe-ph (T ), where ρ0

is the residual resistivity that does not depend on tem-
perature as electrons also scatter off impurities, defects
and disordered regions. On the other hand, in the case of
the Einstein types of phonon spectrum (an optical mode)
ρop(T ) may be described as follows

ρop (T, θD) = Aopθ
2
ET−1 [exp (θE/T ) − 1]−1

× [1 − exp (−θE/T )]−1
. (13)

Aop is defined analogously to equation (12). Thus, the
phonon resistivity can be conveniently modeled by com-
bining both terms arising from acoustic and optical
phonons

ρe-ph (T ) = ρac (T, θD) + ρop (T, θE) (14)

Finally, the total resistivity is now rewritten as

ρ (T, θD, θE) = ρ0 + ρac (T, θD) + ρop (T, θE)

= ρ0 + 4Aac (T/θD)4 T

×
∫ θD/T

0

x5 (ex − 1)−1 (
1 − e−x

)−1
dx

+ Aopθ
2
ET−1 [exp (θE/T ) − 1]−1

× [1 − exp (−θE/T )]−1
. (15)

We use the values of various physical parameters in the
next section to estimate the temperature- dependent con-
tribution. The Coulomb correlations and spin wave ex-
citations are also important in manganites for resistivity
apart from electron-phonon scattering, which we discuss
in the next section.

3 Discussion and analysis of results

For the actual calculation of the transport properties, it
is essential to know realistic values of some physical pa-
rameters governing the resistive behaviour. Any discussion
of the manganites necessitates knowledge of the crystal
structure, and this is particularly true of the calculations

documented here. There can be orthorhombic, rhombohe-
dral and cubic phases in entire range of doping both as a
function of temperature and as a function of concentra-
tion. While calculating the Debye temperature, we take
s = 8 and the in plane Mn-O distance r0 = 1.96 Å [19] for
La0.67Ca0.33MnO3, yielding κ = 11× 104 gms−2. We note
that the present model has only one free parameter, i.e,
index number of the repulsive potential. It is worth noting
that for correlated electron systems such as cuprates, the
index number of the repulsive potential has been reported
to be s = 10 [20].

With these parameters, the Debye frequency is esti-
mated as 35.8 meV (416 K), and is needed for estimation
of the acoustic phonon contribution in temperature de-
pendent resistivity for the doping concentration x = 0.33.
The deduced value of the Debye temperature is consis-
tent with the reported value from heat capacity measure-
ments (θD = 430 K for x = 0.33) for La1−xCaxMnO3

manganite [21]. However, this value was extracted from
data at lower temperature (T ≤ 10 K) fitted directly
to the Debye function. Usually, the Debye temperature
is a function of temperature and varies from technique
to technique. Values of the Debye temperature also vary
from sample to sample with an average value and stan-
dard deviation of θD = θD ± 15 K. Furthermore, the opti-
cal phonon mode is obtained as ωLO ≈ 54.6 meV (634 K)
and ωTO ≈ 39.8 meV (462 K). The calculated values of the
LO/ TO frequencies are consistent with the measured val-
ues of the optical phonons from the infrared (IR) spectra
of thin film and polycrystalline of La0.7Ca0.3MnO3 [6,22].
Henceforth, the deduced coefficients (Aac and Aop) are 0.8
and 1.84, respectively and are comparable with the earlier
deduced in the normal state resistivity of electron doped
cuprates [15].

We emphasize here that the deduced frequencies of
the optical modes are consistent with those observed
in Raman spectra and are associated with the dynamic
Jahn-Teller distortion, arising from the local lattice dis-
tortion due to the strong electron-phonon coupling. It is
worth mentioning that a direct relationship has been es-
tablished between the degree of the Jahn-Teller distortions
of MnO6 octahedra and conductivity and magnetic prop-
erties of the structure [23]. This necessarily points to the
fact that the optical phonon mode can be correlated with
the degree of the Jahn-Teller distortion activated modes
corresponding to bending and stretching oxygen vibra-
tions of the MnO6 octahedra.

Figure 1 illustrates the results of temperature depen-
dence of resistivity via the electron-phonon interaction
from equation (14) with our earlier choice of θD (=416 K)
and θE (=462 K). The contributions of acoustic and opti-
cal phonons towards resistivity are shown separately along
with the total resistivity. It is inferred from the curve
that ρac increases linearly, while ρop increases exponen-
tially with the increase in temperature. The contributions
are summed and the resultant resistivity is exponential at
low temperatures, and nearly linear at high temperatures
upto room temperature. In the following calculations, we
have used ρ0 ≈ 10−4 Ω cm.



D. Varshney and N. Kaurav: Electrical resistivity in the ferromagnetic metallic state of La-Ca-MnO3 133

Fig. 1. Variation of ρe-ph with temperature for La0.67Ca0.33MnO3, the contribution of acoustic phonons ρac as well of optical
phonons ρop to the resistivity.

Fig. 2. Variation of ρ with temperature T (K). Open circles are the experimental data taken from Snyder et al. (1996).

Our numerical results on temperature dependence of
resistivity of La0.67Ca0.33Mn O3, are plotted in Figure 2
along with the experimental data on thin films [24]. It is
noticed from the plot that the estimated ρ is lower than
the reported data from T = 100 K to near room tem-
perature. The model phonon spectrum with characteris-
tic θD (=416 K) and θE (=462 K) partially reveals the
reported resistivity behavior. Prior to our model calcula-
tions, Zhao and coworkers [13] have predicted that small
polaronic transport is the prevalent conduction mecha-
nism below 100 K, which involves a relaxation due to a
soft optical phonon mode (86 K) that is strongly cou-
pled to the carriers. In addition, a small contribution from
acoustic-phonon would give almost perfect fit with a neg-
ligible systematic deviation. On the other hand, we use
high-energy optical phonons as well acoustic phonons to

retrace the reported resistivity behavior. We propose that
in manganites the Raman spectrum [6] yields the low-
est optical mode that has an equivalent temperature of
(≈330 K), considerably higher than the polaron picture
used for the fitting of resistivity data. We believe that a
phonon hardening effect on the carrier transport would be
expected, and would be very significant in manganites as
earlier observed by Infrared Reflectivity measurement [22]
in the metallic phase of La0.7Ca0.3MnO3 and by the lattice
dynamical calculations [25].

The difference between the measured ρ and calcu-
lated ρdiff .[= ρexp . − {ρ0 + ρe-ph(= ρac + ρop)}] is plot-
ted in Figure 3. A quadratic temperature dependence of
ρdiff . is depicted at low temperature. The quadratic tem-
perature contribution for resistivity is an indication of
conventional electron-electron scattering. The quadratic
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Fig. 3. Variation of ρdiff [= ρexp − (ρ0 + ρe-ph{ρac + ρop})] (m Ωm) with T 2 (104 K2).

temperature dependence of ρdiff . is consistent with the
earlier argument made by Urushibara and coworkers [10].
The additional term due to electron-electron contribution
was required in understanding the resistivity behaviour, as
extensive attempts to fit the data with residual resistivity
and phonon resistivity were unsuccessful. It is notewor-
thy to comment that in conventional metals, the electron-
electron contribution to the resistivity can at best be seen
only at very low temperatures, due to its small magnitude
in comparison with the phonon contribution. The exis-
tence of quadratic temperature dependence of resistivity
over a wide temperature interval permits one to believe
that the electron-electron scattering is also significant in
determining the resistivity in manganites.

In passing, we refer to an earlier work of Thompson
[26], who postulated the power temperature dependence
of electroresistivity in TiS2 as a consequence of low carrier
concentration. Furthermore, using the Fermi-liquid rela-
tion N(εF ) = 3n/2εF , we find an upper bound of the
Fermi energy of about 0.6 eV. In principle the electron-
electron scattering is proportional to (1/εF )2 and hence
small Fermi energies enhance the electron-electron scat-
tering [18]. The value of the calculations is stressed from
the fact the electron-electron scattering has been pre-
dicted in a magnetic material with a low-carrier density
(∼=1021 cm−3) for the La0.67Ca033MnO3 system. However,
the carrier density in doped manganites is comparable to
those for other perovskite oxides [27]. In addition, in low-
temperature region of manganites T � Tc, where spin
moments are considered to be almost saturated, the roles
of orbital degeneracies have also been considered impor-
tant, which may contribute to the Fermi-liquid-type T 2

resistivity down to zero temperature.

We now address the metallic behavior of doped man-
ganites. If the high-frequency phonon modes, as deduced
are indeed strongly coupling with charge carriers, the ef-
fective mass of the carriers should be substantially en-
hanced. The effective mass of the electron along the

conducting Mn-O plane is deduced from electronic spe-
cific heat coefficient γ, using, m∗ = 3�

2γd/πk2
B. The

parameters employed are d = 7.78 Å [19] and γ =
4.7 mJ mol−1 K−2 [21] to get m∗ = 2.4 me. The two
dimensional charge carrier density is taken as 2.2 ×
1014 cm−2. Henceforth, the electron parameters are es-
timated as the Fermi velocity vF (=1.9 × 107 cm sec−1)
and ωp (=2.3 eV). However, electronic energy band struc-
ture calculations [28] derive the average Fermi velocity as
7.4 × 107 cm sec−1, much higher than our estimate from
the Fermi liquid approximation. In passing, we refer to our
recent work on heat capacity analysis, where it is argued
that the effects induced by electron correlations and mass
renormalizations by electron-electron interactions are cru-
cial in magnetic systems such as doped manganites [29].

Quite generally, in conventional metals, electron-
phonon scattering is mathematically identical to conven-
tional impurity scattering, and leads to a resistivity pro-
portional to (v2

F �)−1 where � is the mean free path. The
mean free path in this approximation is usually related
to the Fermi velocity and is estimated following � = vF τ .
We find � of about 18 Å for La0.67Ca0.33MnO3. We fol-
low the Drude relation, τ−1 = ρ0 ω2

p/4π, to obtain τ−1 =
1.05×1014 s−1. It is meaningful to mention that the resid-
ual resistance obtained for nominally the same composi-
tions may vary significantly for different groups of com-
pounds. Theoretically it remains unclear whether ρ0 only
characterizes the sample’s quality or if there is an intrinsic
component in the residual resistivity. The former sugges-
tion is argued in the results of resistivity experiments [30].
However, the resistivity data for La1−xSrxMnO3 in the
crystalline films yields ρ0 as low as 10−5 Ωcm [10]. This
is a typical metallic conductivity range. To gain an addi-
tional insight, we further deduce the product εF τ � 1,
that favors the doped manganites to be a good metal.

It is thus argued that the larger the electron mass
(m∗ = 2.4me) in correlated electron systems, the
smaller the plasma frequency, and hence the reduced zero
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Fig. 4. Variation of ρdiff [= ρexp − (ρ0 + ρe-ph{ρac + ρop})] (m Ωcm ) with T 4.5 (109 K4.5).

temperature elastic scattering rate in comparison to con-
ventional metals. It is perhaps worth noticing that, in
hole-doped high-Tc cuprates, the scattering rate at low
temperatures is of the order of 1014 s−1. Furthermore,
the Mott-Ioffe-Regel criterion for metallic conductivity is
valid, as the mean free path is several times [� ∼= 18 Å]
larger than the Mn-O bond length (1.963 Å [19]). A signif-
icantly enhanced mean free path is an indication of metal-
lic conduction as the product kF � (∼7) seems to be much
larger than unity. Hence, it is appropriate to use the Bloch-
Gruneisen expression in estimating the electron-phonon
contributions.

Previously, Jaime and coworkers [12] emphasised
electron-electron scattering as the conduction mechanism
and argued for single magnon scattering leading to the
power temperature dependent resistivity. Our results dif-
fer from Jaime and coworkers in that the phonon con-
tribution which must be present is taken into account
using the model phonon spectrum, and the resulting
power temperature dependence of nonphonon term sug-
gests electron-electron scattering of a more conventional
type. We believe from the calculations presented here, that
the T 2 temperature-dependent term in the low tempera-
ture domain in resistivity should not be due to single-
magnon scattering. The justification lies in the fact that
La0.67Ca0.33MnO3 at low temperatures is of half-metallic
character [28]. This necessarily points to the fact that the
conduction is limited to a single Mn spin up channel of
majority carriers. Compared to that, the Mn spin down
channels are localized, and hence the normal emission and
absorption of spin waves at finite temperatures are for-
bidden. As a result there are no conducting states at low
energy to scatter into spin flip.

We again refer to Figure 3, where a substantial de-
viation from the T 2-like behavior and a rapid rise in
ρdiff is observed in the intermediate temperature region
(T < Tc). We perform the similar set of exercises with

the difference between the measured ρ and calculated
ρdiff .[= ρexp . − {ρ0 + ρe-ph (= ρac + ρop)}] beyond 160 K
(plotted in Fig. 4). A T 4.5 temperature dependence of
ρdiff . is depicted at higher temperature. The T 4.5 tem-
perature contribution for resistivity is an indication of
electron-magnon scattering. In the intermediate temper-
ature region (160 < T < Tc), the manganites appear to
be normal metallic ferromagnet with the resistivity dom-
inated by spin wave scattering. It is worth referring to an
earlier work of Fulde and Jensen [31], who have argued
that carrier density also changes by interaction with spin
wave in manganites. The feature of T 4.5 temperature de-
pendence of ρdiff . is consistent with the quantum theory
of two-magnon scattering [9] and is valid for half-metallic
ferromagnets. Consequently, besides electron-phonon and
electron-electron interaction, another explanation for the
variation in carrier density is the presence of spin wave in
the metallic system, and is caused by spin wave scatter-
ing. We finish by stating that the proposed model calcu-
lations reproduces the reported electrical behavior with a
combination of T 2 and T 4.5 apart from electron-phonon
contribution, consistent with earlier predictions [11].

4 Conclusions

Either double exchange mechanisms or small polarons
have primarily described the physics of manganites. The
behavior of electrical resistivity in doped manganites
needs more clarification. The reported behavior of elec-
trical resistivity in doped manganites is analysed in the
framework of the additional model of electron-phonon in-
teraction using the model phonon spectrum consisting of
two parts: an acoustic branch of Debye type and optical
mode with characteristic Einstein temperature. Deduced
values of Debye and Einstein temperatures from an over-
lap repulsive potential are consistent with the specific heat
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and Infrared Reflectivity measurements. For the sake of
simplicity, a single (longitudinal and transverse) optical
phonon mode has been considered, with a flat dispersion
relation.

The high-energy optical phonon yields a large contri-
bution to the resistivity and is attributed to significant
optical phonon hardening effect on carrier transport. It is
noticeable that the contribution from acoustic and optical
phonons together with the residual resistivity is smaller
than experimental data. A clear straight line is depicted
from 84 K to 160 K temperature range while plotting
the difference as a function of T 2. The observation of
power temperature dependence of resistivity points to-
ward electron-electron scattering. The extra contribution
arising from the electron-electron contribution is required
in manganites to analyze the resistivity behaviour, since
extensive attempts to fit the data with residual resistivity
and phonon resistivity have been unsuccessful.

The mean free path is several times larger than the
Mn-O bond length and the product kF L > 1 favors
metallic conduction. Hence, it is appropriate to use the
Bloch-Gruneisen expression in estimating the electron-
phonon contributions. The electron scattering rate at low
temperature is inversely proportional to Fermi energy and
the value of εF is low (≈0.6 eV) in doped manganites as
compared to conventional metals, which implies that the
low value of εF enhances the electron-electron scattering
rate at low temperatures. Deduced scattering rate at low
temperatures is of the order of 1014 s−1 in Ca-doped man-
ganites. Hence, the identity εF τ � 1 holds for manganites
and again argues in favour of metallic conductivity.

In addition, we succeeded in exploring the role of
electron-magnon scattering in the electrical transport
mechanism. It is noticeable that the role of two-magnon
scattering in the resistivity behaviour is prominent above
160 K. We propose that the incorporation of T 4.5 de-
pendence is essential and may consistently reproduce
the experimental results for the resistivity at higher
temperatures. It is inferred from the above analysis that
the electrical transport below Tc is not dominated by
electron-electron scattering, but also by electron-magnon,
presumably involving spin fluctuations of charge carriers.

To conclude, the present model calculations thus lead
to both qualitative and quantitative agreement between
the calculated and experimental results. Although we have
provided a simple explanation of these effects, there is a
clear need for good theoretical understanding of the resis-
tivity behavior, in view of the fact that formation of small
polarons may be of magnetic origin in manganites.
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