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Magnetoresistance effect in the fluctuating-valence BaSmFe 5054, System

J. Nakamura, J. Lindén,® M. Karppinen,” and H. Yamauchi®
Materials and Structures Laboratory, Tokyo Institute of Technology, Yokohama 226-8503, Japan

(Received 12 May 2000; accepted for publication 17 July 2000

The occurrence of negative magnetoresistan®d#R) in semiconductive BaSmE®s,,,
double-perovskite samples is demonstrated. A peak in the MR value was observed at the Verwey—
type transition temperature. The transition signifies the charge separation of’thefletuating

mixed valence state into high-spin #eand Fé". The samples were ferrimagnetic with a Curie
temperature of~710K. Upon oxidizing/reducing the samples the size of the MR peak and the
temperature at which the peak occurred varied. The largest MR value observed was 1.4% at 7 T.
© 2000 American Institute of Physidss0003-695(00)03837-1

The double-perovskite cuprate B&MysFe) 5,05 was  ated fused-quartz ampoules containing Fe grains. The Fe
first discovered by Er-Rakhet al! Despite many attempts grains were used as getters realizing the expected oxygen
superconductivity has not been induced in this phase, due toartial pressure of 7610 *®atm! during the 40 h heat
the fact that 30%—-50% Fe is needed to stabilize the phasetreatment at 985 °C. In addition to the as-synthesized sample
However, this so-called 0112 phase was successfully syntherreduced sample was synthesized. This was done by anneal-
sized with 100% Fe at the transition metal site and Sm or Ndng as-synthesized powderrfé h in areducing 5% H/Ar
at the rare-earth sift.Also the pure Co-based phase atmosphere at 600 °C. The annealing was carried out using a
BaRECgOs,,, has been obtainetlFurthermore, oxidized thermobalancéMAC Science TG/DTA 20005
samples of the Co-based 0112 phase exhibit intragrain colos- The phase purity of the samples was confirmed by x-ray
sal magnetoresistanc€CMR) at temperatures where the diffraction. According to the TG results the portion of excess
magnetic ordering competes between ferro- ancbxygen corresponds tw~0.0 and 0.1, for the reduced and
antiferromagnetism.In the samples exhibiting the optimal as-synthesized samples, respectively. For the reduced sample
magnetoresistancMR) properties the Co valence was re- no weight loss was seen in TG, indicating a complete re-
ported to be close to-8, as judged by the oxygen content. moval of excess oxygen, whereas an earliéssmuer study
Recently a Verwey-type mixed-valence or valence-revealed the presence of some excess oxygen atoms, the
fluctuation state, formally expressed as-Fe was observed amount of which was estimated %~ 0.04° This oxygen
in the BaSmFgOs,,, oxygen-deficient double-perovskite content value is henceforth used for the reduced sample. The
system® In samples with a reduced oxygen content=0  amount of excess oxygen for the as-synthesized sample, as
equal amounts of Fe atoms adopt valence statestof8d  determined by Mssbauer spectroscopy was in accordance
2+ on a single lattice site’’Fe Massbauer spectra recorded with the TG value.
at room temperature were nevertheless dominated by a single For the four-probe resistivity measurements the samples
magnetic component which formally can be assigned to thvere pelletized under a pressure of 10 MPa. Afterwards they
valence state €. Upon cooling the samples down below \ere ground into the shape of oblong parallelepipeds with a
the Verwey-type transition temperaturdly (~200K)  cross section of 2—5 minGold electrode pads were depos-
charge separation occurs and expected amounts of divalefiéd directly on the sample surface. During the deposition the
and trivalent iron were found in the fdebauer spectfaThe  spacing between the electrodes was controlled by wrapping a
fluctuating F&°" valence state was recently observed in theTeflon film around the sample. The distance between the
Sr,FeMoQ; ., system as well. This double-perovskite phase pads was set to be 0.1-0.3 mm. Ag leads were attached to
is better known for its spin-polarized giant tunneling magne+the Au pads with Ag paste. The actual measurements were
toresistancéTMR).® In the following the experimental evi- carried out using a standard four-probe technique. The mea-
dence for a new kind of MR effect related to the*festate  syrement was performed using a physical property measure-
in the BaSmFgOs ., phase is presented. ment system(Quantum Design PPMSThe measurements

The preparation of the BaSmj&.,, samples is re- ere repeated several times both in field- and temperature-
ported elsewher2:® In brief, high-purity powders of scan mode. The detection limit of magnetoresistance was
BaCQ,;, Sm0;, and FeO; were mixed and calcined twice at estimated to at least 0.05%, for the current semiconductive
900 °C for 15 h in argon with an intermediate grinding. Thesamples. The external magnetic field was varied froi to
calcined powders were pelletized and encapsulated in evacu-7 T. The field direction was perpendicular to the direction
of current flow.
dPermanent address: Department of Physics, Abo Akademi, FIN- ~ The magnetization measurements were performed using
Dpermanent Adcress: Laboratory of Inorganic. ant Analytical Chermisry oo et CUC) Superconducting guanium interference

Helsinki University df Technology, FIN—03015 Espoo, Finland. Ydevice (SQUID) (Quantum Design MPM.S-.5.8n the tem-
9Author to whom correspondence should be addressed; electronic maiP€rature range 5-300 K. For dc susceptibility measurements
yamauchi@materia.titech.ac.jp the external field was set at 1000 Oe. TMe-H property
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49000 o 6420 estimate of the activation energy can be obtained using the
® - as-synthesized (v = 0.1) following expression for the sample resistiviy,
48000 N 6400
_ .‘.n.. AAAAAAAAAAA‘A S _ p:poeXFan/kBT), (1)
% 47000 .-. A‘A 6380 %
% . ' % wherepg is a constant an#élg Boltzmann’s constant. In the
= 5000 . . 60 = temperature region abovig, the plot appears to be linear as
= « - . N = expected for a semiconductor. The slopes correspond to ac-
.. tivation energies of 0.18 and 0.33 eV for the as-synthesized
45000 . 6340 and reduced samples, respectively. Belbythe dependence
. deviates from a linear one, but at least for the as-synthesized
44000 i T=34K 6320 sample the activation energy is higher than above the transi-
200 205 210 215 220 225 230 235 240 tion temperature. The deviation from a linear dependence at
T X) T<Ty may suggest that the charge carriers propagate by a

hopping mechanism. Additionally a hysteretical behavior in
FIG. 1. Inverse magnetic dc suscgptibility of the red_uc_ed _and as_—synthesizeﬂi]e region around the transition temperature is observed,
samples. The Verwey—type transition temperature is indicated in the pIotsWhich could be related to a frustration effect caused by the

_ o _ charge separatich.
was measuredid K with an external applied field ranging The magnetoresistance effect is clearly visible in the re-
from 0 t0 3.5 T. Additionally the saturation magnetization of gigtivity curves of Fig. 2. In particular in the transition region
the samples was measured in the temperature range 5-300s external field b7 T served to reduce the resistivity value,
using an external field of 1.5 T. A magnetic-balance apparagiq > | order to obtain the magnitude of the MR effect the
tus based on the Faraday method was used for checking the 1hjes were measured at fixed temperatures by scanning
dc magnetization in the temperature range 300—1000 K. the field. The MR value is defined as
The Verwey-type transition is clearly observed in the

susceptibility curves of both sampléSig. 1). The disconti-

nuity in the susceptibility curves corresponds well to the 14 s @ . L — .
transition temperature of the charge-separation reported | ek s |
previously® In particular the shift ofTy, as a function of the s ° 2232K *
oxygen content agrees with the earlier results. The saturation 1o s A 220K A O A
magnetization of the reduced sample was estimated at s | o R {o211K s
0.14 g by extrapolating tdd =0 on theM vsH curve. Both 9 g s O i
samples were attracted to a permanent magnet, indicating> 06 - § o Lo 4 0 *
ferrimagnetic ordering. Judging by the magnetic-balance § °© A , 0 ; ©
data the Curie temperature of the samples-i&L0 K. 04 & , o® Lo 1
In Fig. 2 the results from the resistivity vs temperature 02 b ° &4 N 4. 8 ]
o Q o o
measurements of the two BaSmee, ,, samples are shown g g @
using a logarithmicy scale and inverse temperature. At 0r S 1
~Ty there is a change in the activation enerfy, which 02 . . . . : . .
results in a strong increase in the slope of the curves. An 8 % 4 2 0 2 4 6 g
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FIG. 2. Sample resistivity vs inverse temperature for the reduced and as1G. 3. MR vs external fieldd curves obtained at various fixed tempera-
synthesized samples, recorded in external fields of 0 and 7 T. tures for the(a) reduced andb) as-synthesized samples.
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1.4 T T eacsoon The highest MR value obtai_ned thus far for the
12 e R @ :as-synthesized (w = .1) BaSmFQO_5+W sys_tem was 1.4%, in the _re_zduc_ed_ sample.
o 9/‘ : From earlier studies on the Verwey transition, it is known
Lr ,Au‘ ' that the oxygen content strongly affects the Verwey-type
< 0s | ,,/ ! li transition tgmperatur%Future endeavors will thergfore fo-
f; \‘ \ cus on the influence of oxygen content and transition metal/
= 06 o e A-- rare earth site doping on the value of MR. Due to the fact
04 g R P .- that the present system has a Curie temperature €0 K,
it may be possible to increase the Verwey—type transition
0.2 temperature and thus the temperature regime in which the
0 ‘ magnetoresistance shows a peak.
190 210 230 250 270
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