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Unprecedented magnetoresistance in Cd-substituted TI >Mn,O- pyrochlores
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Moderate pressure techniqueB=20kbar) have been used to preparg TCdMn,O; (0<x

=<0.4) pyrochlore-like materials. The=0.2 compound has been characterized by neutron powder
diffraction, magnetic, magnetotransport, and Hall measurements. This material is ferromagnetic
belowT-=110K. Both electrical resistance and magnetoresistavi&y are enhanced with respect

to stoichiometric TJMn,O,, due to the drastic reduction in the number of carri@kectrons
induced by hole doping. MR.5 T) is higher than 18% at 120 K, and MR9 T) is 30% at room
temperature. We show that hole doped derivatives g0, are promising candidates in which

to search for large bulk magnetoresistance. 2@00 American Institute of Physics.
[S0003-695(100)00822-9

Half metallic ferromagnets have attracted much attentiorchlores by substitution in both Tl and Mn sublattices. Tl
as a source of magnetoresistive materials, the electrical comtoms have been replaced by'fScl* and Bil® leading to
ductivity of which changes upon application of an externaldifferent modifications of the physical properties. Perhaps
magnetic field: Widespread interest in the scientific commu-the most dramatic changes have been described for the
nity was sparked when large values of magnetoresistanc#l,_,Bi,Mn,O, (0=x=<0.5) pyrochlore serie¥, in which
(MR) were described at first for hole-doped manganese pemagnetoresistance increases up t?4@vith Bi substitution.
ovskites, R_,A,MnO; (R=rare-earths; A-alkali-earth$,>>  The Mn atoms have also been partially replaced by®Ru
and then for other ferromagnets such as the double perovand Sb'® In particular, moderate Sb substitution leads to a
kites AJFeMoQ;,* or the pyrochlore BMn,0,.>~" Among  significant increment of ., up to 200 K forx=0.28 how-
them, Tl-containing pyrochlores have been less studied sincever the MR factors are lower than for the pure compound.
they can only be prepared under high pressures. In contrast |n this letter we describe the preparation of a novel se-
with manganese perovskites, in ,VIn,O; there is no ries, obtained by substituting Cd for Tl in (;Il1,Cd,)Mn,0;,
Mn**—Mn*" mixed valence or Jahn-Teller distortions in in a relatively wide compositional range<x<0.4. We re-
the MnQ; octahedrd;the ferromagnetismTc=120K)?is a  port the results of an in-depth study of tke 0.2 compound,
consequence of superexchahdjmteractions between Mii  including structural neutron powder diffractighPD) data.
magnetic moments and the metallic conductivity results fromviaterials with nominalx=0, 0.1, 0.2, 0.4 were prepared
the partial filling of the Tl & block bands, through the over- under high pressure conditions, from stoichiometric mixtures
lapping between M,y , O 2p-, and Tl € bands'®** of TI,0; CdO, and Mn@, heated at 1000 °C fal h at 20

Majumdar and Littlewootf showed that MR in a wide kbar. The reaction products were characterized by x-ray dif-
variety of ferromagnetidFM) semimetals scales with the fraction with Cu Ka radiation. Single-phase cubic pyro-

number of charge carriers, p/po~n~?%M/Mg)? where  chlores were identified, as illustrated in Fig. 1, for tke
nis the carriers density per magnetic unit cell, am@andM

stand for the magnetization and saturation magnetization, re-
spectively. This is a result of the scattering of a low-density T1,,Cd Mn,0, -
electron gas by spin fluctuations concomitant with the FM -

long range ordering or local spin bags of the magnetic cat- 8:804 /

ions. According to this model, the MR can be tuned by prop- 9900

erly modifying the carrier density of a given material. En- % i coniants )
hanced MR properties should be found in ferromagnetic
insulators suitably converted into semimetals by chemical

doping, thus injecting a conveniently small number of carri- x=0.2 A
ers.

a(A)

intensity (a.u.)

Recently, some efforts have been devoted to tuning and 20 20 40 50 60 70
optimizing the MR properties of IMn,0O; related pyro- 26(degree)

FIG. 1. XRD pattern for T {Cd, ;Mn,0,, cubic witha=9.9075(1) A. The
dAuthor to whom correspondence should be addressed; electronic mailnset shows the unit cell parameters variation for the serigs, Tid Mn,O,
ja.alonso@icmm.csic.es (x=0,0.1,0.2,0.4).
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FIG. 2. dc susceptibility as a function of temperature foy dOid, ,Mn,0;. 10
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The inset shows the magnetization vs magnetic field at 5 K.
Magnetic Field (Oe)

_ . . . FIG. 3. (a) Resistivity vs temperature plots ai=0 and 9 T, for
=0.2 compound. The inset of Fig. 1 shows that the IattlceTll_BCdo_zMn207; the inset shows the temperature variation of (9R). (b)

parameter monotonically increases witk, from a MR vs field isotherms. MR{) = 100x(R(0)— (H))/R(H)].
=9.9004(1) A for TMn,0O, to a=9.9094(1)A for

Tl £Cdh Mn;O7. This variation is consistent with the larger gypipit the low temperature saturation characteristic of a
lonic rad'”_ég for Cd* (1.10 A) compared with that for P spontaneous ferromagnetic ordering, with=110K. The
(0.98 A), in eightfold coordination. Cd cations are well  magnetization versus magnetic field data at 5 K represented
known to occupy A positions in many pyrochlore-like iy the inset show that a complete saturation of the magnetic
compoundg® From the chemical point of view, the presence moments,M = 5.7 ug/formula, is reached. The inverse sus-
of x Ce" cations in the T" sublattice of T)_,CdMn;O;  ceptibility 1/y follows a Curie—Weiss behavior only for tem-
implies either the oxidation o Mn** to Mn®" cations or peratured >300 K, well aboveT, suggesting the presence
the presence ok/2 oxygen vacancies per formula unit. A of 5 polaronic medium. A paramagnetic momeipd of
NPD study was useful to decide between both possibilitie%_42MB per formula unit(expected is 5.4%g for spin-only
and investigate the structural details of the Cd-substituteqﬂn“) is observed from the Curie—Weiss fit.
samples. A room temperature high resolution NPD pattern of  The transport and magnetotransport properties of
Tl; 6Cdy Mn,0O; was collected at the D2B diffractometer of |, .cd, ,Mn,0, are shown in Fig. 3. There is a dramatic
the Institut Laue-Langevin, Grenoble, with a wavelen§th  change in the overall behavior of the resistivity curve with
=1.594A. The sample, weighing 0.8 g, was packed in &espect to the<=0 compound. An abrupt increase in the
double-walled vanadium holder, to minimize the Cd absorp-p(H :O) is observed as the temperature decreases, reaching
tion. a maximum aflf =153 K. This is consistent with the smaller
The refinement of the NPD pattern for tke=0.2 mate-  number of charge carriers found for this compound from
rial was performed by the Rietveld method in a conventionaHall measurements: given in electrons per unit cell,
pyrochlore structural model, space groupd-3m, a  =0.005 forx=0,"* andn=0.0002 forx=0.2. However, the
=9.9075(1) A,Z=8, considering Tl and Cd atoms distrib- most dramatic feature is the magnetoresistive behavior: the
uted at random at 16(0,0,0 positions, Mn at 18 (1/2, resistance under a magnetic fiell® T decreases by 6 or-
1/2,1/2 sites, O at 48(u,1/8,1/8),u=0.42581), and O at  ders of magnitude at 120 K. The magnetoresistance, defined
8a(1/8,1/8,1/8) positions, reaching the agreement factorgs MRH)=10x(R(0)—R(H))/R(H)], reaches values higher
R,=2.10%, R,,,=2.68%, x*°=2.35, andR,=7.01%. The than 2x10°% at 120 K, as shown in the inset and in Fig.
final crystallographic composition i§Tl; 735Cth272)lc  3(b). Note that at 120 K MR is saturated for fields higher
sited MN2]4 siteO7.01(1y There is no measurable deficiency atthan 1 T; at low fields such asl=0.5T the MR is still
O’ positions. We conclude that the incorporation ofCtb  higher than 18%. This is greatly superior to the results
the A positions probably involves the occurrence of somefound for Tl ¢Sg ,Mn,0O;, showing a MR(6 T) of 5.8
mixed Mrf*—Mn°" valence at thd sublattice. The Mn—-O  x10°% at T=125K** and for T} gBiy,Mn,O;, vielding
distance observed for TiCdy Mn,O;, of 1.89838) A, is MR(9T)=10% at 110 K and 1®% at 10 K!® This is re-
significantly shorter than that observed for the nonsubstitutethted to the considerable contribution of the spin fluctuation
pyrochlore of 1.903@%) A, in spite of the expansion ob- scattering top nearT, which are suppressed when the ex-
served in the unit-cell volume. This is due to the significantternal field is applied. The room-temperature behavior is also
change of theu parameter(u=0.4247(1) in the undoped remarkable for T]sCd, Mn,O;: the inset of Fig. &) shows
compoung, and it is consistent with the incorporation of a MR(9 T) value of 30% at 300 K. The present results dem-
smaller Mr* cations in the MA" sublattice. onstrate that Cd substitution may enhance MR up to levels
The dc magnetic susceptibility versus temperature datavhich make it possible to propose pyrochlore-like materials
for Tl §Cdy,Mn,0O; (Fig. 2), measured with a commercial as candidates for technical applications.

superconducting quantum interference device magnetometer, The observed increase in MR is concomitant with a de-
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crease in the number of charge carriers fram0 to x ing the electronic transfer towards the down-spin TI-Mn-0O
g 9 p
=0.2 compounds, according to the model by Majumdar andbands responsible for the electronic transport.
Littlewood 2 One would be tempted to attribute the increase _ _
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