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Colossal magnetoresistance iiLag ;S 3),Mn,0-
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A new manganite (LgSry.3),Mn,O; has been discovered that exhibits colossal magnetoresisf@vie)
near the Curie temperature and semiconductor-metal transition temperatures similar to that of
La;_,D,MnO; (D=Ca?", Pk?*, etc) or ABO; compounds. X-ray photoelectron spectra establish the pres-
ence of four valent Sn and Mn ions; thus the electrical conductivity fgpe rather tharp type as for the
ABO; material. Also, x-ray powder diffraction indicates that the crystal structure is monoclinic. Magnetic
susceptibility and Mesbauer spectra 6fFe-doped samples have also been investigated. Although the resis-
tivity of the iron-doped manganite is now larger, the CMR is actually incredS1.63-18207)04921-1

The large magnetoresistance of the single-crystal mangahaped by pressure and presintered at 800 °C for 8 h. Then
nites La_,Pb,MnO; was discovered at the University of the samples were sintered at 1250 °€ $oh in air, below
Manitoba in 1969. Since about 1994, the compounds their melting point of about 1330 °C . Wet chemical analysis
La; ,D,MnO; (D=Ca, Sr, Ba, Pb, and Cd, all divalent showed that the atomic ratio gfa,Sn to Mn is very close
ions) and their magnetoresistance have become a lively reco unity. In order to employ Mssbauer spectroscopy,
search topié. This resurgence of interest has occurred be-
cause the detailed mechanism of this phenomenon is not
fully understood and because there are numerous potential
sensor applications. All these compounds have a distorted
perovskite structureand the electrical conductivity that is 2059
p type. More recently, large magnetoresistance has been ob-
served in other crystal structures, namely, the pyrochlore 3
TI,Mn,0; (Refs. 4 and band S,_,Nd;, ,Mn,0-.5 In this C
paper we report on a new manganite compound, 505 M . ‘ . '
(Lag Snp.2),MNn,0; that has properties similar to the La 4786 4836 4886 4936 4986 3836
1-xDxMnO5; compounds. However, the crystal structure is
different and the Sn ion is the four-valence state so that the
electrical conductivity is1 type. The new compound exhibits
a semiconductor-metal transition at about 245 K. At low
temperatures the manganese ions are ordered ferromagneti-
cally from the double-exchange interaction; the Curie tem-
perature is about 254 K. In addition, samples in which 1.5%
of the Mn ions have been replaced by the isotdffee have
been studied. w055 F

Samples of (Lg;Smy3),Mn,0; were synthesized by the 8306 B30 Rio s R o os
conventional ceramic technique. A mixture of the oxides
(Lay0Os, SNG, and MnQy) of stoichimoetric composition was
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FIG. 1. X-ray diffractogram of (Lg;Sn, 3 ,Mn,0O5; hered is the FIG. 2. X-ray photoelectron spectra for the cations of
Bragg angle. (Lag.7Sny.2) ,Mn,0; .
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samples with the stoichiometric composition between the resistance and the magnetization is very similar
(Lag.7Sry 2)2 (Mng gsde.015 207 Were synthesized using the to that observed in the La,D,MnO; compounds by van
same technology. Santen and JonkErand which led Zener and othétsto
It is well known that compounds of th&,B,0; type  propose the double-exchange interaction.
have a structure that is a three-dimensional network of corner After doping with 1.5 at. % /f.u. of°’Fe atoms, the
sharing BOg) octahedra. Thé ions and the seventh oxygen semiconductor-metal transition moves downwards to about
ion occupy large open spaces in this network. An x-ray pow-186 K, as shown in the resistance data of Fi)3Since
der diffractogram of (Lg;Smn, 3),Mn,0; is shown in Fig. 1. now the electron concentration, correlation, and disorder are
A computer prograrhusing an accuracy of 0.0008 showed changed, it is to be expected that the Fermi level and mobil-
that the structure could be indexed as monoclinic with thdty edge will also be changed. In the range of 190—300 K the
lattice parametera=6.4385 A \b=10.7168 Ac=4.9686 A, electrical resistance versus temperature of
and @=91.48° and a unit cell volume of 342.73AThese  (Lag 7Sy, (MNgesdfe 01920, can be fitted by the equa-
parameters show that the unit cell is seriously distorted irtion R=a-+bexp(c/T) where a=-230.5, b=27.2, and
comparison with a cubic structure, probably because the=434 K1, In other words, this material behaves as a typi-
ionic radii of La®* and SH* are appreciably different. The cal semiconductor in this temperature range. The ac suscep-
strong lines of Mn@ or Mn,O; were not detected. However, tibility of the sample is plotted in Fig. 4 and indicates that the
there are some tracg®r vestigey of an unknown com- Curie temperature occurs at about 235 K. A similar behavior
pound; these traces have not been considered in the indeximgas observed earlier for the {aPbMn;_,Fg0;
procedure. compound¥ and interpreted in terms of a model that con-
As is well established, the electronic state of an internakiders the antiferromagnetic Fe-O-Mn superexchange inter-
orbit of an ion depends on the valence state of the ion. X-rayction in addition to the ferromagnetic double-exchange in-
photoelectron spectiXPS) of (Lay ;S 9),Mn,0; obtained  teraction.
with an ESCA-LAB5 are shown in Fig. 2. After surface = The magnetoresistive properties will now be presented.
stripping with Ar ions for 5 min at 1 kV at A, the peak The resistance of (lgSn 3) ,Mn,O; in an applied magnetic
position of the 85, state of Sn is at 487.65 eV. This is
consistent with the Sn €, state of Sni;® and so it follows
that the Sn ions are in thet4valence state. Under the same RN
conditions, the peak position of Lad3, is at 835.8 eV, W000F x_0.015 . ¢ Sn=0.3
which is the same as for LgFhence the La ion is the-3 -t S
valence state. For the manganese ions, fe,2s at 642.05
eV, the same as for Mn&, in MnO,. However, the posi-
tion of Mn 2p3, in Mn,O5 is at about 641.5 eV, that is, just
at the lower-energy side of the observed peak. Consequently,
we think that most of the manganese ions are in a four-
valence state and the remainder are in thev&lence state.
Based on charge neutrality, about 30% of the Mn ions are in
the 3+ state from the electron transfer between the Sn and
Mn ions. .
The electrical resistance was measured by the standard ol aiing.,.
four-probe method. The data for (4.#%5n.9,Mn,0O; for
H=0 are displayed in Fig. (8. On cooling, a | . ! . L
semiconductor-metal transition occurs at about 245 K and 100 200 300
may be an Anderson-Mott transition, as discussed in depth T(K)
by Beltiz and Kirkpatrick’ The ac susceptibility is shown in
Fig. 4. The Curie temperature is about 254 K and the mate- FIG. 4. The ac magnetic susceptibility of ({5, 2),Mn,0;
rial appears to be in a ferromagnetic state. The correlatioand a sample doped with 1.5 at. %/f.u. BFe.
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field of 20 kOe is also shown as a function of temperature irtral doublet. The spectrum at room temperature was therefore
Fig. 3(@). The decrease in resistivity when a field is applied isfitted with three overlapping doublets; it is possible of course
to be expected since the magnetic order is increased. That more than three subpatterns are actually present. The
maximum occurs close to the Curie temperature. For théossbauer parameters obtained from the computer fitting are
iron-doped sample, the general shape of the resistance versisg in Table |.
temperature curve d =20 kOe is qualitatively similar, as The value of the isomer shift shows that all the iron ions
shown in Fig. 8b). are in the ferrigFe®") state. Subpattern 1, with a hyperfine
The magnetoresistance at a temperature close to where tfield of 507 kOe at 77 K, is reasonably similar to the subpat-
maximum effect occurs is shown for (488, 2),Mn,O7 in tern identified as Fe ions replacing Mn ions in
Fig. 5a) and for the iron-doped sample in Figth in ap-  La,_,PhMng o Fe&, 0£5.12 Subpattern 2, with a hyperfine
plied fields up to 70 kOe. The resistance of the iron-dopedield of 479 kOe, is somewhat similar to a pattern observed
sample in the applied fields is higher than that of the purdor the (LaPh(MnFeO4 compound? and tentatively identi-
sample, a result also expected because the iron ions will a¢ied as iron associated with oxygen vacancies primarily at or
as additional scattering centers for the itinerant doublenear the surface; however, the quadrupole splitting of sub-
exchange electrons. pattern 2 is much smaller. The amount of iron doping is too
The classical definition of the magnetoresistivity coeffi-small for any appreciable number of Fe-Fe neighbor pairs,
cient is given by

Ap . p(HT—p(OT)

p(O’T)loo/o— >(0T) 100%, (1) 0.581
where p(0,T) is the resistivity evaluated in zero field and
p(H,T) is the resistivity evaluated in the applied fiettl
Equation(1) then expresses the fractional change in resis-
tance expressed in present and is always less than 100%. For
(Lag 7Sy 2),Mn,0; with H=70 kOe this coefficient is
~77%. It is interesting that although the absolute values of
the resistance are much higher for the Fe-doped compound,
the magnetoresistivity coefficient is now larger84%. A
modern definition of the magnetoresistivity coefficient is the
fraction

0.569-

Megacounts

Ap o PHT—pOT) 3-001
p(H,T)loo/ p(H.T) 100% (2
and can be several factors larger than 100%. This has led to
the introduction of the expression “colossal magnetoresis- 2.970
tance” (CMR) into the literature.
Since the Masbauer effect is a powerful way to study the
interactions between ions/Fe spectra have been taken for
(Lag. 7Sy 2)2 (Mng ggd-ey 015 207. The data aff =300 K and

77 K are shown in Fig. @ and Gb), respectively. At room -15 -io -Is. (IJ é 1'0 15

temperature the’’Fe ions are in a paramagnetic state, as Velocity (mm/s)

expected. At 77 K, there are clearly two hyperfine-field split

patterns and a central absorption; it follows that at least three FIG. 6. 5Fe Mossbauer spectra of
subspectra are present, viz., two six-line patterns and a ceka,-Sr ), (Mng o5 €019 07 (8 at T=300 K and(b) T=77 K.
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TABLE l. Mo ssbauer parameters for iron dopings and at lower temperature with and without an
(Lao.7SMy.a)2 (MNo ged€.019207 - Here, 6 is the isomer shift with  applied field should be instructive.
r_espect_th-Fe_, €lis the quadr_upole splitting;l ¢ is the hyperfine The compound, LaMn,0O; is not easy to make since La
field, I" is the linewidth, andA is the subspectral area. and Mn in oxygen at high temperatures will always form the

LaMnO3; compound. However, by using a four-valence
metal T such as Sn, the compound @& 3),Mn,0; can
be obtained. Several of the M# ions are then transformed

T=77 K
S(mm/g € (mm/9 Hy(kOe T (mm/sg A (%)

1 0.50 -0.02 507 0.35 326 into Mn3" ions. The physical properties of the
2 0.62 -0.02 479 0.35 13.7  (Lag7Sny3)-,Mn,0;, compound are analogous to those for
3 0.49 1.47 0.35 537 La; ,D,MnOz(D=Ca, Sr, Ba, Pb, and GdBoth possess a
semiconductor-metal transition and magnetic ordering below
T=300 K a certain temperature. However, there are important differ-
smmis  emmiy Hy koo T (mms A (%) ences between the two compoun_ds, including the crystal
structure and the electronic  state.  Therefore
1 0.37 0.30 0.35 37.3  (Lay7Smy3,Mny0; is a new material with a fully polarized
2 0.37 0.67 0.35 15.7 narrow conduction band. Such materials are potential
3 0.37 1.49 0.37 47.1  sources of polarized electron beams, an application Searle

attempted to achieve with theBO ;-type manganites in un-
published research in the 1978s.

and so this cannot be the origin of subpattern 2. The large 10 conclude, there exist manganite compounds in addi-
central doublet, subpattern 3, was not observed in thd0n 10 theABOg type. New insights into the basic properties
ABO, Fe-doped compound. This doublet cannot be associre likely to emerge from investigations on the new materials
ated with unreacte@-Fe, which has a quadrupole splitting and some of them may he more useful for applications.
close to zero. Its origin may be Fe ions located in the large This research received funding from the Natural Sciences
spaces in the 2-2-7 structure. Future experiments with largeand Engineering Research Coun®ISERQ of Canada.
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