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ABSTRACT 
 
We undertake a quantitative analysis of reported metallic behaviour of 

resistivity in perovskite manganites La0.9Pr0.1MnO3. The electrical resistivity data in 
low temperature regime were theoretically analyzed within the framework of the 
classical electron–phonon model of resistivity, i.e., the Bloch–Gruneisen (BG) 
model. The Bloch–Gruneisen (BG) model and simplify the electron-phonon, 
electron-electron and electron-magnon scattering processes. The metallic resistivity 
behaviour of strontium-substituted manganites are analyzed highlighting the 
importance of electron-phonon, electron-electron, and electron-magnon interactions.   
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INTRODUCTION 
 

Colossal magnetoresistance manganites (i.e., based on LaMnO3 and relatives) are 
known for their unusually large effect, an external magnetic field has on their ability to 
transport electricity and heat. While many of these effects were known more than 50 years 
ago, an appreciation of the size of these effects is a more recent development1. The 
compounds, which have been the focus of the majority of studies, are the manganite 
perovskites R1-xAxMnO3 where R is a trivalent lanthanide cation (e.g. La) and A is a divalent, 
e.g. alkaline-earth (e.g. Ca, Sr, Ba), cation. For the end members of the dilution series, 
LaMnO3 and CaMnO3, the ground state is antiferromagnetic (AF), as expected for spins 
interacting via the superexchange interaction when the metal–oxygen–metal bond angle is 
close to 180˚. In a certain range of doping concentration, x ≈ 0.2 - 0.4, the ground state is 
ferromagnetic (FM), and the paramagnetic-to-ferromagnetic transition is accompanied by a 
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sharp drop in electrical resistivity ρ(T). However, this phenomenon has been known to exist 
since 1950. The pioneering work of Wollan and Koehler (1955) who examined the structural 
forms and magnetic ordering in La1-x CaxMnO3 as a function of doping and temperature, 
clearly demonstrated the power of neutron diffraction in identifying the various states. 

Even then, the resistivity change is usually limited to a few percent in practical 
magnetic fields. Giant-magnetoresistance multilayer metallic films show a relatively large 
sensitivity to magnetic fields. The mechanism in these films is largely due to what is known 
as the spin-valve effects between spin polarized metals2. If an electron in a regular metal is 
forced to move across a spin-polarized metallic layer (or between spin-polarized layers) it 
will suffer spin-dependent scattering. If the electron was initially polarized parallel to that of 
the layer the scattering rate is relatively low; if originally polarized anti-parallel to that of the 
layer the scattering is high. (The reverse is also possible.) The effect of an external field is to 
increase the ratio of the former events, reducing the latter, by aligning the polarization of the 
magnetic layer along the direction of the external field. This effect is a few tens of percent, 
and has the very important advantage of not being limited to low temperatures3,4.  

Spin-valve devices have been used in the magnetic storage industry for several years 
now, in the form of magnetoresistive read heads. While the physical mechanism that 
produces the magnetoresistance is well understood, the technological challenges involved in 
the production of small devices of high sensitivity are the bottleneck of an industry ever 
hungry for smaller-faster-better sensors. Despite this effort neither practical applications nor 
a satisfactory understanding of the physics of manganites has yet emerged. In the meantime, 
our perception of the manganites has changed radically. Researchers have been redefined 
from what seemed a straightforward application in the magnetic-storage industry to a 
challenge of colossal dimensions from the condensed-matter physics point of view5. 
 
THE MODEL 
 

It is known to us that in the metallic state, the electron-phonon, electron-electron, 
electron-magnon scattering and polaronic effects are the major proponents of various 
conceptions in electrical transport. We shall begin with the description of the scattering of 
electron-phonon for the resistivity in the ferromagnetic metallic state. To formulate a specific 
model, the temperature dependent part of the metallic resistivity, following the Debye model, 
is  
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with x= ħω/kBT. In the above, F(q) is the Fourier transform of the potential associated with 
one lattice site, vF being the Fermi velocity, and vs being the sound velocity. Eq. (26) in terms 
of acoustic phonon contribution yields the Bloch–Gruneisen function of temperature 
dependence resistivity: 
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As the resistivity is additive, if the Matthiessen rule is obeyed, the resistivity is represented 
as a sum ρ (T) = ρ0 + ρe−ph(T), where ρ0 is the residual resistivity that does not depend on 
temperature as electrons also scatter off impurities, defects and disordered regions. However, 
in case of the Einstein type of phonon spectrum (an optical mode) ρop(T) may be described as 
follows: 
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Aop is defined analogously to Eq. (28).  
We have thus conveniently modeled the phonon resistivity in the ferromagnetic metallic state 
by combining both terms arising from acoustic and optical phonons 
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),(),(),,(

0 EopDacED TTT θρθρρθθρ ++=  

1112

/

0

1154
0

)]exp(1[]1)[exp(

)1()1()(4

−−−

−−−

−−−+

−−×+= ∫

TTTA

dxeexTTA

EEEop

T
xx

Dac

D

θθθ

θρ
θ

 

 
RESULTS 
 

The electrical resistivity behaviour of La0.9Pr0.1MnO3  for metallic region we employ 
the Bloch–Gruneisen method to estimate the independent contributions of acoustic and 
optical phonons. Fig. 1 illustrates the results of temperature dependence of resistivity via the 
electron–phonon interaction from Eq. (5) with our earlier choice of θD (350 K) and θE (600 
K). The contributions of acoustic and optical phonon towards resistivity are clubbed and the 
resultant  
resistivity is exponential at low temperatures, and nearly linear at high temperatures till 
transition temperature. In the following calculations, we have used residual resistivity ρ0 ≈ 
0.5 Ω-cm. and coefficients (Aac and Aop) are 15×10-3 and 5×10-3.  It is noticed that the 
electron-phonon along with residual resistivity consistently retraces the metallic resistivity 
behaviour of La0.9Pr0.1MnO3 manganites.  

Our numerical results on temperature dependence of resistivity of La0.9Pr0.1MnO3 

manganites are plotted in Figure 1 along with  the  experimental data. It  is  noticed  from  the  
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Fig.1 

plot that the estimated ρ is lower than the reported data. The model phonon spectrum with 
characteristic θD (= 350 K) and θE (= 600 K) and residual resistivity of about 0.5 Ω-cm 
partially reveals the reported resistivity behaviour. 
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