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Abstract:

We have the measured electrical resistivity of La,.,Ba,Mn; Cu,Os; (0.17<y<0.30;
0.04=<0.10), La;,SryMn,,.Cr.O; and La;,Sr\Mn;,Co.O; (0.270<y<0.294; 0.02=<x<0.10)
polycrystalline samples in the 25-325 K temperature range. The increase of Mn site doping
concentration leads to an increase of the electrical resistivity of the samples and the
appearance of a “double-peak” structure in the electrical resistivity versus temperature
graphs. The first peak represents the insulator-metal transition in vicinity of the
paramagnetic-ferromagnetic transition (Tc). We have found that the intensity of the second
peak increases with an increase of concentration of Mn substituents, due to the hole
scattering by the random potential of the Mn site impurities.
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Introduction

Manganites with general formula R; xA,MnO; where R is a rare earth metal like La,
Pr, Nd or Dy and A is an alkaline-earth metal like Sr, Ca, Ba or Pb, have attracted much
attention since 1994, when S. Jin et al. [1] discovered so called colossal magnetoresistance
(CMR) in LaggCap3;sMnO; of about 100000%. These materials are interesting for
applications as magnetic field sensors or magnetic data storage devices and especially in
spintronics as efficient injectors of spin polarized electrons due to their fully spin polarized e,
bands. Beside practical applications, manganites with CMR are also interesting because of
their very rich phase diagram, which is a consequence of strong interplay between spin,
charge, orbital and lattice degrees of freedom.

Manganites with CMR have the paramagnetic-ferromagnetic (PM-FM) transition at
Curie temperature Tc. The typical electrical resistivity vs temperature curve of these materials
shows an insulator behavior above T¢ and metallic behavior below Tc. Partial substitution of
the rare earth (R-element) with a divalent element (A) converts a proportional number of
Mn’" ions into Mn*" ions and introduces free electrons into the e, band, enabling the double
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exchange (DE) mechanism [2], which is traditionally used for a basic qualitative explanation
of unusual transport and magnetic properties of these materials. Further studies on these
materials have shown that electron-phonon interaction in the form of Jahn-Teller polarons, the
orbital ordering, the electron—electron correlations and the coupling between spin and orbital
structure can also play a very important role [3].

Polycrystalline CMR manganites exhibit considerably different behavior than single
crystal samples. For single crystals and epitaxial films a very large magnetoresistance ratio
exists only for temperatures close to Tc and in high magnetic fields. On the other hand,
polycrystalline samples show a considerable magnetoresistance ratio over a wide temperature
range below T¢ and in a rather low magnetic field. This finding has been explained with
spin-polarized intergrain tunneling [4,5]. Electrical resistivity of some polycrystalline samples
showed a “double-peak” structure [5-10], which has been attributed to the existence of a
disordered shell at the surface of the grains [5,7]. In this paper we have measured electrical
resistivity of La, Ba,Mn;Cu,O; (0.17<y<0.30; 0.04<x<0.10), La,.,Sr,Mn;,Cr,O; and
La;SryMn;,Co40;3 (0.270<y<0.294; 0.02<x<0.10) polycrystalline samples in the 25-325 K
temperature range. The samples showed the double-peak electrical resistivity behavior. The
peak below T¢ increases intensity with an increase of concentration of Mn substituents. This
is explained as a consequence of Mn-O-Mn network strain and scattering by the random
potential introduced by Mn substitution.

Experiment

Single-phase La; ,Ba,Mn;Cu,O; (0.17<y<0.30; 0.04<x<0.10), La, SryMn,CriO;
and La, Sr,Mn;,Co,O; (0.270<y<0.294; 0.02<x<0.10) polycrystalline samples have been
prepared via the acetic acid solution freeze-drying method. This soft procedure makes
possible strict stoichiometric control, and the synthetic variables allow one to maintain the
proportion of Mn*" at constant and optimal value of ~32% at which the CMR effect is the
strongest. In this way, the concentration of cationic vacancies at La and Mn sites is practically
negligible in all cases. X-ray powder diffraction patterns for all samples have been completely

indexed and refined with rhombohedral perovskite symmetry and the R3c space group.
Details on the preparation of the samples, together with X-ray diffraction and magnetization
measurements can be found in Ref. [11].

For electrical resistivity measurements four golden spots were evaporated on disk-
shaped ceramic pellets. These golden contacts were connected with the measuring unit using
golden wires. The low temperature electrical resistivity measurements were realized using a
Displex model ARS - DE-202N closed cycle helium cryostat with the van der Pauw
technique.

Results and discussion

Fig. 1 shows the temperature dependence of electrical resistivity of La, Ba,Mn;.
«Cux05 (0.17<y<0.30; 0.04<x<0.10) polycrystalline samples in the 25-325 K temperature
range. With temperature decrease the samples undergo a paramagnetic to ferromagnetic
transition (at T¢) accompanied with an insulator to metal (IM) transition (at Tp) in the
vicinity of Tc. As the Mn doping level x increases, T¢ decreases as a consequence of the
weakening of the DE interaction due to the crystal distortion and perturbation of the
connecting paths for the transport of holes across Mn—O-Mn chains (structural disorder
introduced by large substitutional cations [11]). Overall electrical resistivity of samples
increases with increasing x as a consequence of hole scattering by random potential
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introduced by Mn-ion substitution. For x=0.10 Cu doped sample a combination of crystal
distortion and scattering caused by Cu is strong enough to completely inhibit the IM
transition, as it is shown in the inset in Fig. 1.

The most interesting feature in Fig. 1 is the appearance of a very broad peak at
temperature T, (below T¢). The double-peak structure in electrical resistivity vs temperature
graphs has been previously observed in some polycrystalline samples [5-10,12]. Several
scenarios were proposed to describe the double-peak structure. In Ref. [5,7], it was suggested
that the crystal grains consist of two phases, a highly crystalline core with properties similar
to single crystals, and a surface phase (at grain boundary regions), which due to its lower
stoichiometry, higher amorphization and strain induced disorder, has weaker DE and hence
lower T¢ and higher electrical resistivity. In this interpretation the peak at Tyy originates from
the core phase, whereas the second peak at T, originates from the surface phase. The so-called
“phase separation” concept [13] has also been used to explain this phase transition. In the
present case, two types of ferromagnetic phase exist: one is metallic (FMM) and the second
one insulating (FMI). The FMM state is gradually destroyed by Mn site substitution, and the
magnetic spontaneous state is driven into a cluster state. On lowering the temperature, FM
clusters grow up and an insulator/metal transition at T, can be explained by percolative
transport through ferromagnetic metallic domains. In Ref. [12] we proposed that the double
peak structure in the temperature dependence of electrical resistivity can be a consequence of
a competition between the short range orbital/charge order and the long range FM order.
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Fig. 1 Temperature dependence of electrical resistivity of La, ,Ba,Mn, Cu,Os polycrystalline
samples in the 25-325 K temperature range. Inset: resistivity vs. temperature of the x=0.10
sample.

In our samples we have substitution of Mn with various elements. It is clear that with
increase of Cu doping, Fig. 1, the intensity of the second peak increases and shifts to lower
temperatures. We also noted that the difference between T, and Tc is almost constant with
changing of x: Tc-T, =100 K, indicating correlation between T, and T (Fig. 2).
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Fig. 2 Values of T¢, Tivm, T, and T¢-T), for different doping concentrations x of the
La,,Ba,Mn,;Cu,O; sample.
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Fig. 3 Temperature dependence of electrical resistivity of La;.,Sr,Mn, ,Cr,O; polycrystalline
samples in the 25-325 K temperature range.

Fig. 3 and 4 show the temperature dependence of electrical resistivity of
La,(SryMn;Cr,O; and La;,SryMn,;Co,05 (0.270<y<0.294; 0.02<x<0.10). La;,Sr,MnO;
samples have the highest T among CMR manganites. In the measured 25-325 K temperature
range we can clearly see the IM transition only for samples with the highest Mn site doping
level, when T¢ is reduced enough. These electrical resistivity spectra also show the double-
peak behavior, but the second peak is less pronounced than in the case of Cu doped samples.
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The second peak is the strongest for the Cr doped sample with x=0.10. However, it can be
concluded that the intensity of the second peak increases and the peak shifts to lower
temperatures with an increase of Cr and Co content, as in the case of Cu doped samples.
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Fig. 4 Temperature dependence of electrical resistivity of La;.,Sr,Mn,«Co,O3 polycrystalline
samples in the 25-325 K temperature range.

Fig. 5 SEM images of La, \Ba,Mn,_,Cu,O; samples for x=0.04 (left) and x=0.08 (right).

Surthi et al. [7] investigated the influence of grain size on the second (broad) peak in
polycrystalline Lag4;Cag33:MnO; and showed that the intensity of this peak increases with a
decrease of grain size due to increased influence of the surface phase in smaller grains. In
Fig. 5 SEM images of Cu doped samples for x=0.04 and x=0.08 are given, showing a similar
overall grain size and morphology. Thus, in our samples the grain size cannot be the reason
for the intensity increase of the second peak. We believe that the intensity increase of the
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second electrical resistivity peak is most likely due to the combination of Mn-O-Mn network
strain and scattering by the random potential introduced by Mn substitution. Substitution of
Mn by large cations reduces the Mn-O-Mn angle and weakens the DE interaction, which
hampers hoping of e, electrons responsible for conductivity. Ionic radii of Cr’* (75.5 pm) and
Co’* (75 pm) are very similar to the mean radius of Mn’*/Mn*" ions (75.05 pm), while Cu*"
has a significantly larger ionic radius (87 pm) [14]. Accordingly, the substitution of Mn by Cu
has a much stronger effect on the intensity increase of the second peak than substitution by Cr
and Co. Mismatch of oxidation states between Mn’"/Mn*" and substituent cations is also
likely to have a contribution to the second peak intensity increase. Since the difference
between oxidation states of Mn>/Mn*" (mean value 3.33) and Cu®" is much bigger than the
difference between Mn’/Mn*" and Cr’" or Co’" oxidation states, the Cu®" ions are much
stronger scatterers then Cr’* or Co™".

Conclusions

We have measured the electrical resistivity of La, Ba,Mn,CuO5 (0.17<y<0.30;
0.04<x<0.10), La;,SryMn;,Cr,O; and La;,Sr,Mn;,CoOs (0.270<y<0.294; 0.02<x<0.10)
polycrystalline samples in the 25-325 K temperature range. The samples showed the double-
peak electrical resistivity behavior. The peak below T¢ increases intensity with an increase of
concentration of Mn substituents. This is explained as a consequence of Mn-O-Mn network
strain and scattering by the random potential introduced by Mn substitution.
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Caoporcaj: 'V pady cy npuxaszana mepera enekmpuune omnopuocmu La;Ba,Mn; Cu,O;s
(0,17<y<0,30; 0,04=x<0,10), La,,SryMn,,Cr.O; u La,,Sr,Mn,;.CoO; (0,270=<y<0,294;
0,02<x<0,10) noruxpucmanuux yzopaka na memnepamypama o0 25 oo 325 K. Youena cy osa
nuKka — (Makcumyma) 'y — MeMHnepamypHuM — 3A6UCHOCMUMA  cheyuuuHe  enekmpuyme
OMNOPHOCMU: NPBU, UZ0LAMOP-MEMAl Npeia3 y Onu3uHu NapamacHemuK-QepoMacHemux
npenaza (Tc) u Opyeu eeoma wupox nux ucnod Tc. Ycemanosunu cmo oa nuk ucnod Tc
nocmaje ucmaxHymuju ca nogeharem xonyenmpayuje Mn cyncmumyenama, wimo ce moice
objacnumu Hanpezarwem Mn-O-Mn mpedsice u pacejarvem HA HACYMUYHUM NOTMEHYUJATUMA
y3pokoganum Mn cyncmumyyujom.

Kauyune peuu: Macnemum, Konocaina mazHemua OMNOPHOCH, e1eKMPUiHA OMNOPHOCT.




