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In this paper, we report the magnetic and electrical properties of the Te-doped lanthanum manganite perov-
skite compound La ,Te MnO; and the related electron spin resonafiESR study. This is a material with
rhombohedral structure and it shows good colossal magnetoresistance behavior. The magnetoresistance ratio
MR=[p(0)—p(H)]/p(0) is about 63% fox=0.04 in an applied magnetic field of 40 kOe. The resistivity of
the compounds is affected by temperature and the amount of Te doping. The temperature dependence of the
resistivity showed that the conductivity above the Curie temperature was dominated by the hopping of the
small polarons, and the resistance was attributed to the electron-phonon and magnon scattering mechanism
below the metal-insulator transition temperature. The ESR investigation indicated that the compound was in
the paramagnetic phase above 230 K, and in the single ferromagnetic state below 170 K. In the temperature
range of 230 to 170 K, the compound showed phase separation phenomena.
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Doped perovskite manganites L.gD,MnO; (where D  grindings for three times. Then the samples were sintered at
represents Ca, Sr, Ba, Ce, or) Zrave attracted much atten- 930 °C for 24 h in the flowing oxygen gas, followed by fur-
tion due to their “colossal magnetoresistand€MR) be- ~ nace cooling to room temperature. X-ray diffractiotRD)
havior and related physics phenomena. In this kind of comstructure analysis of the compounds was performed with a
pound, a metal-insulatofMI) transition, which always DMAX2400 diffractometer at room temperature. The pow-
accompanied with a paramagnetic-ferromagnetic transitiorger diffraction data were Rietveld refined ppw9411 pro-
occurs at a particular temperature. These phenomena we@am. The fit between the experimental spectrum and calcu-
traditionally explained by the double-exchan@@E) model lated value is very goofiit showed that the space symmetric
and Jahn-Teller effects* In the DE model, Mn ions are group of the compound iR3CH and the structure param-
considered to be in a mixed-valence state. Many researchegsers are listed in Table I. Thus, the samples are single phase
have investigated the doping effect. Their results show thaénd have trigonal symmetry. As>0.3, the second phase
the physical and chemical properties of the compounds dewas observed under our prepared condition, it is probably
pend on the doped elemeDt and doped levek. When a  due to the difference of ionic radius between La and Te. The
divalent element, such as Ca, Sr, Ba, etc., is substituted for aray photoemission spectroscopy analysis of
part of La, the compound displays hole conductivity and hag a, _,Te, MnO; revealed that the tellurium ions are in the
a mixed-valence of M -Mn**. Recently, Das and tetravalence state, the Mn ions could be in a mixed valence
MandaP® reported the CMR behavior in the LaCeMnO;  state of MR *-Mn3" in the sample. The magnetic measure-
system where the G& ion was used to replace & They — ment was carried out with a superconducting quantum inter-
suggested that the CMR behavior probably occurred in derence device magnetomet@1PMS-7) in the temperature
system of a mixed-valence state of MAMn®*. Meantime, range of 5-300 K. The electrical resistivity and the magne-
Philip and Kutty pointed out that the transport properties oftoresistance were measured using the standard four-probe
the La-Ce-Mn-O system had the characteristic of the adiamethod. The electron spin resonan@SR spectroscopy
batic small polaron conduction in the high-temperaturemeasurement was performed at 9.50 GHz with a BRUKER-
region! Ce is a rare-earth element with tetravalence and th@00D spectrometer.
compounds show electronic conductivity. Therefore, it is of Figure 1a) shows the magnetization versus temperature
great interest to investigate whether the CMR effect exists irturves of La_,Te,MnO; in an applied field of 10 kOe,
compounds in which ¥ is partially replaced by another wherex=0.04, 0.1, 0.15, and 0.2. At low temperature, the
tetravalence element rather than a rare-earth element. In thisagnetization decreases drastically witimcreasing at first,
paper, we report the investigation of CMR properties thatand then gradually approaches a saturation valus s
was caused by the substitution of tellurium ion for La ions.creases to 0.2. The Curie temperatullgs are about 201,

In addition, its electric and magnetic behaviors were investi240, 255, and 255 K fox=0.04, 0.1, 0.15, and 0.2, respec-
gated in the temperature range of 5 to 300 K. The phasevely. T increases withx and gradually approaches a defi-
separation phenomenon was studied by electron spin resaite value. The above phenomenon is probably a common
nance(ESR as well. character of electronic doping compounds, which has been

The samples of La ,Te,MnO; (0.04<x=<0.2) were syn- reported previously.1® It suggested that the above phenom-
thesized by conventional ceramic techniques. The stoichioenon might come from the contribution of the competition
metric mixture of high purity LgO;, TeO,, and MO, between the DE and the core spin interaction, and the com-
powder was ground, pelletized and presintered at 700 angetition leaded to the canting of the core spins as the doped
900 °C in the flowing argon atmosphere with intermediatelevel increases.
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TABLE |. Refined structural parameters of L 3Te,MnO; at aof

room temperature. The space grou;Rg(:H. . \\ (a)

3 60k .. oo,
X a@) c(A) duno®) Ounomn ) Ry(%) Rue(%) ¥ o e,
0.04 5.525 13.346 1.963 164.16 9.6 14.37 1.69 % 40} H—lOke "
0.1 5.520 13.348 1.959 165.37 8.27 12.04 1.49 g —'_—x=0.04
0.15 5.513 13.351 1.957 165.70 9.94 1566 1.92 g,g 20F —a—x=0.1
0.2 5.512 13.351 1.955 166.28 857 1249 1.54 = —x—x=0.15

ol —>—x=02
200}

The temperature dependence of the resistivity under an H=40 kOe .""-. (b)
applied field of 40 kOe for the compound {3 Te,MnO; % 1m0k ° x=0.04 ;' :
(x=0.04-0.2) is shown in Fig.(b). All the compounds ex- o i zfg'is s o
hibit a metal-insulato(MI) transition behavior. The transi- = b oxd02 & A en
tion temperatureTy,, shifts to higher temperature with the £ 100f ra
increase of Te content. Thg,, are about 177, 220, 237, and g
240 K for x=0.04, 0.1, 0.15, and 0.2, respectively. The re- = 50}
sistivity of the compounds decreases with increasiag the
result of carrier increasing. The magnetoresistaiMi) ra- o L
tio is defined af\ p/p(0)=[p(0)—p(H)]/p(0), wherep(0) 0 100 200 300

andp(H) is the resistivities in zero field and applied figid Temperature (K)

respectively. The maximum MR ratios of the compounds are FIG. 1. Temperature curve of magnetization and resistivity for
about _63.5, 50.7, 46.9, and 44.95% at 40 kOe. The COME5.  Te MnO, (0.04<x<0.2). () The magnetization at magnetic
sponding peak temperaturég are about 155, 200, 220, and fie|q 10 kOe.(b) The resistivity in the temperature range between 5
220 K forx=0.04, 0.1, 0.15, and 0.2, respectively. and 300 K.

It is known that the electric transport behavior of a per-

ovskite manganite compound at different temperature ranggependence according to the Fermi liquid matand the

is governed by different conducting mechanism. Althoughmagnon scattering can be described T4$ based on the

many factors affect the conductance of a CMR material, we ; T .

. . ) ; . .~ model of the double exchange interaction, in which the pho-

are only interested in the dominant interaction between ions ; '

in the compound in this study. In paramagnetic state, the scattering probably has been consideredihus the

P y. In p 9 ' eurves of resistivity vs temperature can be fitted by the for-
temperature dependence of resistivity could be best fitted b

— 2 4.5 ; iativi
the expressiom expEy/KgT), whereKg is the Boltzmann X]ulap(T) Ro+ReT +R'V'T , WhereR, is the resistivity
. > .. _at absolute zero degree; coeffici€ty is related to electron-
constant andg, is the activation energy. The expression is

based on the conduction model of small polaron hoppingeleCtron scattering andy, related to magnon scattering. The

fitting parameters are listed in Table Ill. Whether the sample

Because the lattice of manganite compounds becomes dIISS- in an applied magnetic field or not, they decrease with

torted around the electrons in the conduction band at h'grl]ncreasingx. Which is probably due to both of the carrier

temperature, the coupled between electron and phonon =~ " A . L
yielded small polaron. As the temperature abdue, the density and the angle of Mn-O-Mn bond increases with in

. . creasingk. The Rietveld refinement of the XRD data showed
thermally activated hopping of the small polarons plays aat the Mn-O-Mn bond angle increased from 164.16° to

Important role in condyctlvny, Wh'ph IS S|m|I§r o that ob- 166.28° asx changed from 0.04 to 0.20. When an external
served in the hole doping perovskite manganite compound%a netic field was applied to the sample ndR. that
The fitting resultgTable Il) of the experimental curvds§ig. 9 bp ple, By M

1(b)] reveal that the activation enerdsy decreases with in- rela}teq to magnet'c scattering dpcrea;e with increasing mag-
) . o . _netic field. It indicates that the field drives the local momen-
creasingk, and the applied magnetic field reduces the activa; F M i . in the directi tih lied
tion energy of the compounds significantly. tum of Mn lons to orient in the direction of the applie
On the other hand. in the ferroma neti.c state. the resi magnetic field, and reduces the magnon scattering of carriers.
1 9 L he influence of the applied magnetic field on the coefficient
tance could be considered as the sum of the contribution . . ) o
£ Is weak relatively, which means that the magnetic field

the electron scattering and magnon scattering. It is wel . )
known that the electron scattering can be expressed a&the could not dramatlcally affect the electron—electrpn scattering.
Especially, ifx is more than 0.1, the electronic scattering
could not be influenced by the external magnetic field at all.
It is well known that the phase separation phenomenon,
often taken place at low temperature, has been observed in
hole-doped manganese oxitte®For an electron doped per-
ovskite manganite compound, however, whether phase sepa-
E, H=0Oe 196 188 181 180 ration phenomenon exists was not known. In order to inves-
meV H=40kOe 158 155 144 137 tigate phase separation in the temperature range betWeen
and Ty, , the electron spin resonan€ESR spectra versus

TABLE Il. x dependence of the activation enefgy (meV) of
La;_,TeMnO;.

Doped levelx 0.04 0.10 0.15 0.20
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TABLE lll. Fitting parameters of resistivity-temperature curve below Curie temperature.

Doped levelx 0.04 0.10 0.15 0.20
H=0 Oe Ro 84.7599 32.7476 12.50173 8.1735
Re 0.00381 0.00153 0.00050 0.00034
Ry 4.8586x10° 8 7.5473<10°° 1.8273<10°° 1.0623<10°°
H =40 kOe Ro 38.9392 18.6206 7.14243 5.0622
Re 0.00342 0.00150 0.00054 0.00035
Ru 7.773x10°° 2.0323<10°° 4.7558<10 10 2.9733< 10710

temperature were measured in the temperature range of 2&bove 230 K, the compound is in the paramagnetic state and
to 130 K for La geT€y 0aMNO; powder sample, because its the ESR absorption spectrum is a single symmetric line, and
Tc is about 201 K andly,, about 177 K. The absorption the resonance field could be viewed as a linear function of
spectra are shown in Fig(&, which reveals that the ESR temperature. However, the resonance field shows a nonlinear
spectrum is a single symmetric line at high temperature, andependence of temperature as the temperature decreases con-
then it broadens and shows asymmetric as temperature beldmuously[Fig. 3(@]. The linewidth is also the function of the
230 K. The spectrum could be fitted by two Lorentziantemperature. Its temperature dependence above 230 K is
curves, which is similar to the behavior of a layeredsimilar to that in previous reports, and shows a linear depen-
manganites! When T<T, a three-peaked structuf€ig.  dence, which was interpreted by the spin-lattice relaxation
2(b)], where the related components are labeled PM, FM1mechanisnt® As the temperature of the sample was lowered
and FM2, was observed. This structure develops and shifts tmwards T, the sample was in two-phase coexisted state,
low field with decreasing temperature. As the temperature ignd the linewidth of the paramagnetic component went
lower thanTy,,, the spectrum transforms into a single line, through a minimum at ,;,, and then increased with decreas-
which means that the compound could be in a single ferro-

A

magnetic state. All spectra have been fitted by Lorentzian
functions and the fitted parameters are showed in Fig. 3. g 3 PM  © %000 T
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FIG. 2. (a) ESR absorption spectra of §gle;iMnO;. The FIG. 3. Fitting parameters of ESR absorption spectra in the tem-
p p

spectrum of at 280 K shows single Lorenzian line, the intensity wagerature range between 280 and 130(&.Temperature curves of
divided by 10.(b) ESR absorption spectra of j.gTe; caMnO; at resonance field for paramagnetic phase PM and two ferromagnetic
180 K. It was fitted by three lines, which were labeled with PM, phases FM1, FM2(b) Temperature curves of linewidtlic) Inte-
FM1, and FM2 for paramagnetic and two ferromagnetic phasesgrated intensity ratio of PM, FM1, and FM2 phase. The intensity
respectively was normalized to the total integrated intensity of the spectrum.
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ing temperatureT ;, was about 230 K fox=0.04 sample. (FM2) decreased with temperature and merged to the low
At the vicinity of T¢, the linewidths in both the PM and internal field ferromagnetic phas&M1) at the end. AtT

FM1 phase increased rapidly with temperature decreases:;170 K, residual PM1 and FM2 phase still were observed;
The temperature dependence of the linewidth of the PMhe existence of these residual phases bélgywmay be due
component may originate from the hopping motion of smallt© the thermal hysteresis effect of phase transition. This kind
polarond®2or the influence of the molecule field that results ©f Phase separation phenomenon in perovskite manganites
from the second phagEM1). As mentioned above, the ESR Probably results from the following reasons. First, it may be
spectrum could be fitted by two Lorentzian functions in the2SSociated with some magnetic inhomogeneity of the
temperature range of 230 and 210 K. Which means that th amples arising frpm. local variations of chem|cz_al COmposi-
compound is in a two phaséBM and M1 coexisted state. ion or oxygen stoichiometry. Secondly, the carrier segrega-

For the second phase, as temperature approaEgeshe tion induced the inhomogeneity of electronic distribution,
ratio of the inte rzlted i’ntensit t% the totalpirﬁ)te ratgd inten-WhiCh led to the carrier-rich FM regions and carrier-poor
: 9 tensity : grate AFM zones? Thirdly, aboveTy,, the carriers were local-
sity of the spectrum rapidly increases with decreasing tem-

perature[Fig. 30)]. It indicates that the volume of the sec- ized and formed polarons, which originated from the strong

O o electron-phonon coupling mediated through the Jahn-Teller
ond phase rapidly increases, which is probably due to theﬁ A di he doubl h h | :

rowing up of the dimension of the clusters. However the: ect. According to the double exchange theory, a polaron Is
9 . . . SR ' ~surrounded by ferromagnetic cloud to form a ferromagnetic
resonance field and linewidth were not very sensitive to tem:

qg_lastic polaron. As the temperature lowering, the clouds ex-
netic phase. Thus, the second phase can be considered asegd spatially and eventually mteré&tln thg d'.SC“?'S'O”’ we
i . ignored the effects of randomly oriented distribution of pow-
superparamagnetic phase that consists of some small atom L !
ér and demagnetization factor on the ESR line because such

clusters of ferromagnetic phase embryo in this temperature .
range. which eventually arows into ferromaanetic phase ffects should not dominate the temperature dependence of

g¢, 9 . 9 phas e ESR line. Moreover, we only focused on the temperature
Tc. The ESR absorption spectrum in the temperature inter- .

A S range of 130 and 200 K, which covered bdth and Ty, .
val of 200 and 170 K, as shown in Fig(l®2, indicates that :
. . In summary, La ,Te,MnOg3 is an electron-doped CMR

the sample is in a three-phase coexistence state. It reveals

that the paramagnetic phageM) still exists belowT¢, but Mmaterial, W.h'Ch has exhibited e_xcellent phy§|cal and chemi-
o X . ; X al properties. The magnetoresistance ratio is about 63.5% at
its intensity reduces rapidly with decreasing temperature, an

disappears at about 170 K. As temperature lower than Curie0 kOe._ The_ compound showed different electric transport
mechanism in different temperature ranges. Above Curie

temperature, the ferromagnetic phase FM1 is the main Corqémperature it was governed by the hopping of small po-

ponent of the ESR_ spectrum. Its Intensity increases and thI%rons. Below the metal-insulator transition temperature, the
resonance magnetic field shifts to low field side as tempera-

ture decrease. The EM2 could be either the second ferromareS'Stance resulted from the electron and magnetic scattering.

netic phase or an antiferromagnetic phase because its resqc-)he study of ESR revealed that §gTeyMnO; was in

nance field localized at the vicinity of zero fields and theparamagnetlc phase above 230 K. A.S the temperature was
lowed, it went through a paramagnetic and superparamag-

signal was too weak to elucidate component. However, the” . : )
- o , ' etic phase and developed into a three-phase coexistence re-
variation of its intensity and resonance field was observed..

The intensity reduces and the resonance field of the FMg;r?ea:cgﬁénrz'snggénp%:gg eg/;gwa%gri]sfg;@sg '(;]:]O tﬁe
component shifts to higher field with the lowering of tem- Y g P :

perature, and FM2 eventually merged into FM1 phase agouble exchange theory, the phase separation phenomenon

about 170 K. The phenomenon of the three-phase coexisty2s probably due to the inhomogeneity or ferromagnetic
ence and tvvc)—ferromagnetic-phase below have been ob- cloud surrounding the small polarons and extended with de-

. . Co creasing temperature.
served using muon spin relaxation, bbauer spectroscopy
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