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Magnetoresistance and phase composition of La-Sn-Mn-O systems
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The transport properties of the manganites L&nMnO;, s with x=0.1-0.5 and of Fe-doped samples
have been comprehensively studied using magnetoresistance measuréffienasd°Sn Massbauer spec-
troscopy, and x-ray diffraction. At the Sn concentration 0.5, La sSnysMnOs. 5, is a single phase. The
manganites La ,SnMnO,, s with x<<0.5 consist of two phase$,BO; and A,B,05; the chemical formulas
are LaMnQ,s; and (LgsSnys),Mn,0O;, respectively. The colossal magnetoresistan@MVR) in
La; _,SnMnO;. 5 appears to have its origin in deficient La and/or Mn ions in ARO; phase. Mgsbauer
spectra show that a superparamagnetic doublet existsTro260—77 K for theABO; phase in the Fe-doped
sample and may have superparamagneticlike spin clusters that lead to a low saturation field. Consequently, the
CMR reaches 75% at an applied field of only 20 kOe for the Fe-doped sample; however, the same CMR
requires fields as high as 70 kOe in the undopegl,.8& sMnO;, s sample [S0163-18209)02437-4

[. INTRODUCTION compositions of the two phases in La-Sn-Mn-O were deter-
mined by x ray as well as’Fe and*'%Sn Mssbauer spectra.
Generally, manganites with colossal magnetoresistance

(CMR) can be classified into two categories. One is the Il. EXPERIMENTAL
perovskite-type compounddB03) with a chemical formula )
(RffXD§+)(Mnffoni+)Og (R=rare-earth andD=Ca, Samples of La ,SnMnOs, s with x=0.1, 0.2, 0.3, and

Sr, Ba, Pb, and Cd, all divalent The other is the 0.5 as well as Fe-doped L%‘SWMn.O-%d:%L“O?” with .
pyrochlore-type compound AB,0,) with the formula X=0-3 and 0.5 were synthesized using conventional ceramic
TR M+ 0. 23 2= techniques. A mixture of oxides L&, SnQ,, MnO,, and

2 2 7

57 . - g -
Recently, it has been discovered that, k8r, MnOs, 5 Fe,0O; of stoichometric composition was presintered at

. °. 800 °C for 10 h and then crushed. The samples were shaped
exhibits CMR near room temperature. Its magnetore5|st|V|tyand sintered in @ at 1200 °C fo 6 h and followed by

coeff|C|e.nt (cIa_sspa] is as high as 74% foH—?O kOe_. atmnealing at 900 °C for 24 h.
Further investigation showed that this manganite consists o X-ray diffraction (XRD) was performed with a Philips

two phases; one is the perovskite-typBO; and the otheris  gjtfractometer using CuK radiation. The magnetoresis-

the pyrochlore-typeA,B,07.° Krivoruchko et al’ reported  tances were examined at 4.2—300 K with zero field and up to

compositions of the two phases, daloMnO;_5 for the 70 kOe applied field using the standard four-probe method.

ABO; phase and Lg5n,O; for the A;B,0, phase. However, 57Fe Massbauer spectra from 4.2 K to room temperature and

it is hard to believe that the perovskite structure can be main!l9%sn Mossbauer spectra at room temperature were taken

tained for so large a deficiency of La ions. with a conventional constant acceleration spectrometer. The
Fe doping can significantly modify the magnetic andy-ray sources were’’Co in a Rh matrix and''°Sn in

transport properties of manganites.An increase in CMR BasSnQ. All isomer shifts are given relative to that afFe

for Fe-doped samples has been reported in La-Ca-Mn-@t room temperature.

system8 and La-Sn-Mn-O systenfsA metalliclike conduc-

tivity and ferromagnetic ground state for the perovskite com- . RESULTS
pound Lq,XM)ZﬁMnOg are attributed to the double-
exchange model which involves electron exchange between A. Magnetoresistance

neighboring MA* and Mrf* sites. The correlations between
transport behavior and magnetic properties have been
studied!®~*?Some models, such as the Kondo model and the The transport properties of ka,SnMnO;, ;s (x=0.1,
polaron model have been proposed to describe the correl&2, 0.3, and 0)bare shown in Table I. LgsSry sMnOs, 5 IS
tions for the La-Sr-Mn-O and La-Ca-Mn-O systems. How-an insulator; the other samples are electrical conductors. The
ever, the origin of the increase in CMR for Fe-dopedresistivities at room temperature increase with Sn substitu-
samples, as far as we know, has not been proposed up tons; they are 0.036, 0.064, and 0.20 cm for the samples
now. In this work, based on our Msbauer spectra, a super- with Sn concentrationx=0.1, 0.2, and 0.3, respectively.
paramagneticlike model is proposed to describe the propeifhe manganites La,SnMnO;, s have a semiconductor-
ties for Fe-doped La-Sn-Mn-O systems. In addition, themetal transition(S-M transition) at 235—245 K. The maxi-

1. CMR for La-Sn-Mn-O
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TABLE |. Transport properties of Lia ,SnMnOs, 5. AL LA I A I I
p(0)  p(H=0) p(H=15 kOe) MR(%) of . 3
X (@ cm) (Q cm) @ cm) %  Teym (K) : Se LaySn MnO,,;
{ L ) [ 4
0.1 0.036 0.080 0.057 —-29 245 20 - Qe 1
0.2 0.064 0.150 0.115 —-23 240 9 [ * . o b ]
0.3 0.20 0.61 0.46 —-25 235 < sl . ® . o ° _
03 073 7.45 2.38 ~74 195 s . *.
< 3 [ [}
0.5 Insulator 60 | . .
a B [ J * 'Y ] n
i [ ° ° [
#The Fe-doped sample. :...°...... ......0...:
S0 ,ee LX
mum magnetoresistan¢®IR) effect occurs at the transition i Ly Sm Mg 9650150, *e
temperatures, as shown in Fig. 1. The magnetoresistance co- 100 i‘ L
efficient, defined as 60 40 20 0 20 40 60
- _ 0f— _ 0 H (kOe)
MR AplpX100%=[p(H,T)—p(0,T)]/p(0,T) X 100%

; _ : FIG. 2. The magnetoresistance coefficient-applied field curves
H= 0,

In 15 kOe are 29, 23, and 25 % for the samples with tS- transition temperatureT s =235 nd 195 K for

=0.1, 0.2, and 0.3, respectlvely.

Lag.7SnaMnOs, s and L 7Sy aMNg ggd-€y.01603+ 5, respectively.
2. The effect of Fe doping on CMR

A small amount of Fe doping modifies the magnetoresis+-20.75M3MN0Oz, ; and L& 1St MNo ggd €5 003+ 5. FOT
tance of the La-Sn-Mn-O systems. First, the resistivity at-80.7S™3sMnOs, 5, the MR does not reach saturation even if
room temperature is about triple and the maximum resistivithe field is as high as 70 kOe. However, for the Fe-doped
at the S-M transition temperature is over 10 times greater fosample, aH=20 kOe, the MR is close to saturation. Con-
the Fe-doped sample, b8, sMng o5& 0,03 5, than its  sequently, although in a high field the MR is almost the same
parent. Second, the S-M transition temperature is reduced gr both, in a low field such asl=20 kOe, the MR is much
40 K, viz. from 235 K for Lg ;Sn, sMnO5, st0 195 K for the  superior for the Fe-doped sample than for its parent
Fe-doped sample. Msbauer spectra show that Fe momentd.a; _,SnMnO;, ;. The MR is as large as 75% at the applied
are antiparallel to the Mn moments, as described in Sec. lll Gield of 20 kOe for the Fe-doped sample; however, to obtain
2. The antiferromagnetic Fe-O-Mn superexchange interache same MR, a field at as high as 70 kOe is required for
tion can weaken the double-exchange interaction betweena, - Sr, ;MnO;., 5.

Mn®" and Mrf* ions, which leads to an increase in the
resistivity and a decrease in the S-M transition temperature.

More importantly, Fe doping can reduce the saturation B. X-ray diffraction
field of the magnetoresistance effect. Figure 2 shows the de-

pendence of MR on the applied fieldsH for The x-ray diffraction (XRD) patterns for

La; ,SnMnO;3, 5 with x=0.1, 0.2, 0.3, and 0.5 are shown

0.8 et 35 in Fig. 3. The lattice parameters are listed in Table IIl. Only
L the sample withx=0.5 is a single phase that has the cubic
0.7 . 130 structure. The positions and intensities of the XRD are simi-
1 ] lar to those for LaSn,O, (Ref. 13 and ThMn,O,.2 The
r 125 other samplesx=0.1, 0.2, and 0.8are mixtures of the two
0.6 1 ] phases. One i8,B,0;; the other iSABO; with the mono-
~ i 320 - clinic or rhombohedral structure, respectively, similar to
S 05[ ] e\a Lay ¢Sty o,MNnO; (Ref. 14 or LayPbsMnO;. However, the
% L 115 & double rhombohedral structdreis excluded because the
] I

(113 XRD line is not observed. In Fig. 3, the indexing is
] 10 based on the monoclinic structure. With increasing Sn con-
] centration, the intensities of the XRD decreaseA&O; and
increase forA,B,0;.
In order to obtain the volume fraction for the two phases,
S T . a series of mixtures of (l@aSns),Mn,0; and LaMnQ
100 150 200 250 300 with known weight fractions were made. The intensities of
(440 XRD lines inA,B,0; and of(220) lines inABO; were
measured. The intensity ratios as a function of the volume
FIG. 1. Resistivity-temperature curvésolid pointg in zero as  fractions or weight fractions, were plotted. Based on the
well as 10, 15, and 20 kOe applied field and the correspondingtandard curve, the volume fractions ABO; and A,B,0;
magnetoresistance coefficient-temperature curigedid line) for are obtained for La ,SnMnO;, s and the results are also
Lag7Sny sMnOg, 5. listed in Table II.
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FIG. 3. X-ray-diffraction patterns for L,a,SnMnO;, s with (a)
x=0.1, (b) x=0.2, (c) x=0.3, and(d) x=0.4. The circles and tri-
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20 (degree)

angles represent theBO; and A,B,0; phases, respectively.

C. Mossbauer spectra

1. ¥Fe and *'%n Massbauer spectra at room temperature

SFe Mossbauer spectra of La,SnMng s e 0105+ 5
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FIG. 4. 5Fe Mossbauer spectra at room temperature for
Lal_xsrl(Mno_ggd:Q)_01503+5 W|th X:03 and 05

trum of sample withk=0.5 is a doublet; the isomer shift and
quadrupole splitting are 0.35 and 1.47 mm/s, respectively.
The spectrum of sample withk=0.3 consists of two
doublets.

For the outer one, the isomer shift and quadrupole split-
ting are 0.36 and 1.51 mm/s, respectively, almost the same as
the sample withx=0.5. This doublet is assigned to the
A,B,0; phase. For the inner one, the isomer shift and quad-
rupole splitting are 0.37 and 0.38 mm/s; this doublet is as-
signed to theABO; phase. The values of isomer shifts
(0.35-0.38 mm/sindicate that all Fe ions are in the ferric
(F€’") state for the two phases.

11%n Mdssbauer spectra of La,SnMnO;, 5 with x
=0.3 and 0.5 at room temperature consist of one doublet, as
shown in Fig. 5. Both have almost the same isomer shift and
quadrupole splitting. The isomer shifts are 25and
0.162) mm/s and the quadrupole splittings are @32and
0.652) mm/s, respectively, for the samples witk-0.3 and
0.5. It is known that the range of isomer shifts are 0.00-1.30
for Srt* and 2.30—-4.44 mm/s for 3h. Hence, the isomer
shift of 0.15 mm/s implies that all Sn ions are in the-4
valence state for the samples witk-0.3 and 0.5.

2. 5Fe Mossbauer spectra at 4.2 K

with x=0.3 and 0.5 at room temperature are shown in Fig. 4. Mossbauer spectra of La,SnMnggsF e g1:05+5 (X
Fitted hyperfine parameters are listed in Table Ill. The spec=0.3 and 0.5atT=4.2 K are shown in Fig. 6 and the fitted

TABLE II. Structure parameters of La,SnMnO;, 5.

X Phase a(A) b (A) cA) Angle (°) Vexp (%) Vea (%)
0.1 ABO; 5.5044) 5.5343) 7.8348) 91.1(1) 22 24
A,B,0; 10.7249) 78 76
0.2 ABO, 5.5002) 5.5411)  7.83913) 91.01) 45 46
A,B,0, 10.7229) 55 54
0.3 ABO; 5.491(3) 5.5382) 7.8229) 90.91) 63 66
A,B,0, 10.7167) 37 34
05  A,B,0,  10.72810)
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TABLE Illl. 5Fe and '®Sn Mdssbauer parameters of )
Lay _ SNMng g 0103+ s (x=0.3 and 0.5at T=300 K. Here, 1.051
6 is the isomer shift with respect te-Fe, e is the quadrupole 1.044
splitting, I" is the linewidth, andSis the relative area. 1038
57Fe 1.031
Sample Phase 6 (mm/s e(mm/9 I (mm/s S(%) &
= 1343
x=05 A,B,0, 0.353)  1.4703) 0.49 100 2 1333
x=0.3 A,B,0, 0.36 1.51 0.42 48.3 5» )
ABO; 0.38 0.36 0.42 51.7 g 1.324
%n 1314
x=0.5 A,B,0, 0.153)  0.523) 1.27 100
x=0.3 A,B,0; 0.163) 0.65 1.42 100 1999
! . . . 1.992
hyperfine parameters are listed in Table 1V. Theddloauer 1,984
spectrum of LgsSh sMng gsf € 0103 5 IS @ sextet. The hy- :
perfine field is 474 kOe. The Msbauer spectrum of 1977 -
Lag 7Sy .sMng gsf € 0103+ s CONSists of two sextets. The hy- . ) .
perfine fields are 474 and 525 kOe, corresponding to the -16 -8 0 8 16
phasesA,B,0; and ABO;, respectively. Velocity (mm/s)

After a longitudinal magnetic field of 50 kOe was applied, . .
for ABOs, the second and fifth lines disappear and, as com- FIG. 6. At T=4.2 K “Fe Mossbauer spectra of(a)
pared to 525 kOe in zero applied field, the hyperfine field-30.55.sMNo.oed€.01603+5 and of L& :Srp. Mo sed€.0105+ 5
(576 kO@ increases by 51 kOe, which is almost the same adb) in zero field and(c) in a longitudinal applied field of 50 kOe.
the value of the applied field. This means that the Fe mo-

ments are collinear but antiparallel with the Mn moments. |acted. The Mesbauer spectra of the sample with 0.5 are
However, forA;B,0;, the'Mc.ssbauer spectrum is still @ 5 haramagnetic doublet from room temperature to 65 K. The
sextet without line broadening; therefore antiferromagneticyg piet starts to disappear and becomes a sextet between 65

coupling betv_veen the_Fe moments is excluded. The NONZEIQ,4 50 K. Therefore, the magnetic ordering temperature is
second and fifth lines imply that Fe moments are canted wit etween 65 and 50 K

ferromagnetic coupling or are in a spin-glass state, althoug N ’ .

ac susceptibility has shown that Mn ions have antiferromag- The Masshauer spectra of the sample wilk0.3 be-

netic arrangementsThe hyperfine field is 514 kOe, larger tween 300 and 4.2 K are shown in Fig. 7. At room tempera-

by 40 kOe as compared to the hyperfine field with zero ap;ure two paramagnetic doublets are observed. The inner dou-

plied field. blet (ABO;) starts to become a mixture of a doublet and a
) sextet below 250 K. However, the outer doublét,B,0;)
3. °’Fe Mossbauer spectra between=1300 and 4.2 K remains untiiT=65 K. Only below 65 K does the outer

Mossbauer spectra of La,SnMng esfF e 0105, s with ~ doublet disappear and spectra consist of two sextets. There-

x=0.3 and 0.5 betweefi=300 and 4.2 K have been col- fore, La 7Sn sMng ggd-€ 0173+ 5 has two transitions which
occur atT=250 and 65 K, respectively; the result is sup-

1 » - ported by ac susceptibility dafain addition, the spectra of
ABO; exhibit a superparamagneticlike character, described
961 | in detail by Sec. IV.
923 - x=0.3 .
TABLE IV. STFe Mcssbauer  parameters  of

885 |- La; ,SNMng ged€ 0103+ s (X=0.3 and 0.5in zero and a 50 kOe
applied field afT=4.2 K. Here,é is the isomer shift with respect to
a-Fe, € is the quadrupole splitting;l;; is the hyperfine fieldb is
the area ratio of the second plus fifth to the third plus fourth &nd
is the relative area.

Megacounts
I

966 |
933 H,=0 kOe
Sample Phase § (mm/g e (mm/9 Hy (kOe b S(%)
899
x=05 A,B,0, 0503) —046(3) 4743 2.0 100
x=0.3 A,B,0, 051 ~0.64 474 20 474
L i 1
18 iy 0 9 18 ABO; 0.50 0.03 525 2.0
Velocity (mm/s) Ha=50 kOe
x=0.3 A,B,0, 0473) —0.41(3) 5143 1.30 50.1
FIG. 5. 11%n Mcssbauer spectra at room temperature for ABO;  0.56 0.04 576 0.0 499

Lal,XSmMnolggd:Q)‘01p3+5 W|th x=0.3 and 0.5.
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FIG. 7. 5Fe Massbauer spectra from 250 to 65 K for FIG. 8 Energy-dispersive spectrd0-10.24 key for

L2075 Mno.ses€.019-5- Lag ¢Sy 1;MnO;s, 5; the percentage of La, Sn, and Mn atomgas
IV. DISCUSSION 21.9:24.9:53.2 andb) 48.6:1.6:49.8 corrected for atomic number

effect, absorption of x rays within the specimen, and fluoresence
effects(the ZAF technique

The °Fe Mtssbauer spectrum at room temperature has
two subspectra for L@Sn, Mng osfF e 01Os. 5 and only  Where the volumes aig,,;= 1232 A andv;;3=239 A, de-
one for LacSmMngosd e 01Osss. This shows that termined by the lattice parameters, aNd,;=8 and N;;3
Mn(Fe) ions are located in two phases for the sample with=4 based on the crystal structures. The calculated results are
x=0.3 and only one in thé\,B,0; phase for the sample Caz27: C113=24:76, 46:54, and 66:34 for the samples with
with x=0.5 (Fig. 4). However, 11°%Sn Méssbauer spectra at X=0.1, 0.2, and 0.3, respectively. These ratios are very con-
room temperature have only one component for bottsistent with the values obtained from quantitative analysis of
samples. Further, isomer shifts and quadrupole splittings ar¥RD, as shown in Table II.
almost the same, as shown in Sec. Ill B 1. This shows that Energy dispersive spectroscoffyDS) quantitative analy-
the Sn ions are only in th&,B,0; phase. sis also indicated the concentrations of La, Sn, and Mn av-

It is known that the ion radii are much larger for¥a eraged over many grains are very close to the formula
(1.032 A than for SA* (0.69 A). Consequently, with Sn  La;_,SnMnOs. 5 for all samples. A homogeneous compo-
substitution for La the lattice parameters should have beesition distribution of La, Sn, and Mn is observed everywhere
significantly reduced. However, XRD results show that wherfor La, sSry sMnO;, 5. However, it was found that for the
the Sn concentrations change from 0.1 to 0.5 the lattice pasther samples witbk=0.1, 0.2, and 0.3 there exist two kinds
rameters are almost constant within the experimental errorsf grains in which the compositions are significantly differ-
for A;B,0; and ABO;. This implies that the phase compo- ent. For one, the quantity of La plus Sn ions is close to that
sitions are the same in each phase for all samples. of Mn ions; for the other grain, there is an equal number of

Quantitative analysis of XRD is also able to confirm thatLa and Mn ions but almost no Sn ion as shown in Fig. 8.
the Sn ions are located iA,B,0,. It is supposed that Based on the XRD, EDS, and Msbauer spectra, the
all Sn ions are iMA,B,0; and none are iABO;; in other  manganites La. ,SnMnO;, s with x=0.1, 0.2, and 0.3 are a
words, the chemical formulas are LaMaQy and  mixture of two phasesABO; andA,B,0;; the formulas are
(Lag sSry.5),Mn,0; for the ABO; and A,B,0; phases, re- LaMnO;. s and (LgsSn 5),Mn,O,, respectively. The
spectively. The relative amount§,,; andC;,3, of the two  amount of the two phases is dependant on the Sn concentra-
phases can be obtained from the Sn concentragitine cell  tions. With increasing Sn substitution, the amountAgO,
volumesV,,7 and V133, and the cell number per chemical decreases and that AfB,O; increases. Therefore, the maxi-

A. Phase compositions

formulaNyy7; andNy,3, mum magnetoresistance coefficient and the S-M transition
c Vaur/N temperature are roughly the same for all the samples with Sn
227 X 22 ezt (1) ~ concentrationx=0.1, 0.2, and 0.3; but the resistivities be-

Cis 12X Viga/Nygg’ come large with increasing Sn substitution. In addition, at the
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=15 kOe at T=240 K!° Hence, the CMR in
La; ,SnMnOs, s may have its origin in a deficiency of La 020 v e b e

Sn concentrationrx=0.5, (L& sSns),Mn,0; is a single 60 ¢ 3
phase. 50 £ 3

The CMR and S-M transition in La ,SnMnQOs., 5 occurs e E
at T=235-245 K. TheABO; phase has a magnetic transi- X 30 F =
tion at about 240 K. Consequently, the CMR in & 20 3 3
La; _,SnMnO;, s with x=0.1, 0.2, and 0.3 is associated 10 £ 3
with the ABO; phase. It is known that LaMnQis an anti- 0ES 3
ferromagnetic insulator. However, a deficiency of La and/or e e b b b L b d
Mn ions can lead to a CRM. Results of the CMR in 1‘0:_ 3
La; MNO; and LaMnQ,s; have been reported F . E
recently'*~8Our work also indicates that kgVinO3., 5 has @ 08 b T E
a S-M transition af =240 K, a paramagnetic-ferromagnetic E 0.6 F (b) y 3
transition atT=250 K, and the CMR is about 26% iH g 04 E 3

and/or Mn ions for theABO; phase. 2 . 3
14 F E
o 12F 3
B. Superparamagneticlike behavior and CMR g L0 3 (c) 3
Between the temperature range of 250 and 65 K, the g 0.8 E 3
Mossbauer spectra of thABO; phase (LaMn@, ) in - £ . ~ . E
Lag 7Sny.sMng gsf € 0103+ s can be fitted with three sub- 0.6 S N E
spectra, as shown in Fig. 7. One is a doublet; the others art 0.4 oo b b b b b
sextets. One sextet is expected when Fe ions substitute fo 559 E E
the Mn ions which occupy only one site in the perovskite 500 E 3
structure; the other may have one or more sourceqayige g 450 — E
ions in a defect structure produced by the deficiency of £ 400 £ (d) 3
La-Mn ions, (b) near the surfacé and(3) perhaps with dif- Z 350 3
ferent numbers of Fe-Mn neighbors. In addition, the Curie 300 £ =
temperature is 235 K for LaSmn Mngosd & 013+ 5. 250 3
However, a hyperfine field &t=250 K was observed above P

the Curie temperature, as shown in Figs. 7 atd].A simi- 0 50 100 150 200 250 300 350

lar observation in the La-Sr-MRe)-O system was also re- T (K)

ported by Tkachuket al?® The hyperfine fields above the

Curie temperature may be attributed to sample inhomogene- FIG. 9. Some Meshauer parameters of B0, phase for
P y P 9 Sample Lg ;S sMng ggF6 0103+ 5, (8 the relative areas for the

ity or to a formation of local ferromagnetic clusters at Fedoublet(circles) and the sextetsquarey (b) the quadrupole split-

sites?’ ] sext |
o tings for the doublet(c) linewidth for the sextet, antl) hyperfine
The spectra of LaMn(Fe)Q s(ABO;) exhibit the fol- fie?d for the sextet. (© ) hyp

lowing superparamagnetic characteristi¢¥) The spectra

consist of a doublet and two sextets. With decreasing temhaps, the superparamagnetism has its origin in superpara-

peratures, the relative areas of the sextets gradually increageagneticlike spin clusters at Fe sités.

whereas that of the doublet gradually decreases to zero be- The dependence dfp/p(0) on the applied fieltH can be

low T=65 K, as shown in Fig. @. (2) The quadrupole fitted using a Langevin function

splittings of the doublet between 220 and 65 K are approxi- _

mately constant and significantly different from that at room Ap(H)p(0)= = Blcoth(e) — La], )

temperatureg(in the paramagnetic stateas shown in Fig. where a=NugH/kT, ug is the Bohr magneton, ankl is

9(b). (3) The fitted linewidth is approximately the same for Boltzmann’s constaniN and B are fitted parameterdl is the

either the sextets or the doublet, except for the linewidth aaverage number of spin in a superparamagneticlike cluster,

T=250 K, as shown in Fig. @). The linewidths of namely, the average size of the clusteg8sis the maximum

LaMn(Fe)Q. 5 are significantly different from those of La- MR asH—» at a certain temperature. The fitted curves are

Ca-Mn(Fe-0O and La-Sr-MiFe)-O in which line broadening shown in Fig. 10. Obviously, the experimentap/p(0) is

of the sextets has been observed with increasingery consistent with the Langevin curves. The behavior of

temperatured®?! The broadening was interpreted using athe magnetoresistance in applied fields is related to the aver-

model based either on an antiferromagnetic impurity in aage spin numbers in a cluster, namely the average size of a

ferromagnetic hodt or on spin fluctuationg’ cluster. When the temperature drops, the size of a cluster
However, the particle sizes of the sample are of the ordedecreases and the CMR also decreases.

of micrometers based on observations with optical micros- In this work, no evidence was found as to whether the

copy. Further, line broadening is not observed in x-ray-sample without Fe doping, kaSn, s;MnOs, 5, has a super-

diffraction patterns. These results exclude the possibility oparamagneticlike spin clusters. This is an interesting problem

superparamagnetism produced by ultrafine particles. Pethat will be further studied.
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La,,Sn,,Mn, . Fe O, . clusters also lead to an increase in electronic scattering be-
- low T¢. Consequently, the resistivity is ten times higher for

] the Fe-doped sample than for .38n, sMnO;3, 5 (see Table

. I). When the magnetic field is applied, the superparamagnet-
iclike clusters are destroyed and the spins tend to alignment
along the field. As a result, the resistivity decreases rapidly.

L T e L LA AL B

V. CONCLUSIONS

Based on the XRD, EDS, amt/Fe and!'%n Mcssbauer
spectra, at the Sn concentratios 0.5, Lg _,SnMnOs, 5is
a single phase (l@gSmn, 5),Mn,0;. At Sn concentrationg
<5, the manganites La,SnMnOs, s have two phases.
One isABO; with the chemical formula LaMng) s and the
other isA,B,0; with the formula (LgsSmn 5),Mn,0;. The

i ] CMR in Ly _,SnMnO;, s seems to have its origin in the

00 b L b e b L deficient La and/or Mn ions in thABO5 phase.
0 10 20 30 40 50 60 70 The transport properties of La,SnMnOs_ 5 are modi-

H (kOe) fied by Fe doping, which leads to a low saturation field for
magnetoresistance, a decrease in the S-M transition tempera-
Yure and an increase in the resistivity. 84bauer spectra also
indicated that the superparamagnetic doublet persists from
T=250 K to 77 K for theABO; phase in the Fe-doped

According to the double-exchange model, the resistivitysample; T'he Iovy saturation field may be related to superpara-
depends on electron-spin alignment of the hopping electroff’@gneticlike spin clusters. Consequently, the CMR reaches
and is decreased by applying a magnetic field or by reducing®% at an applied field of only 20 kOe for the Fe-doped
the temperatures that reduce the spin disorder. As comparé@mple; however, the same CMR requires field as high as 70
to LaMnO;, 5, doping with Fe has two additional effects. KO€ for La;SnsMnOs. 5.

Mossbauer spectrum with an app_lied field of _50 kOe h_as ACKNOWLEDGMENTS
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FIG. 10. The magnetoresistance coefficient-applied field curve
for Lag /Sy aMng oed€y.01:03+ 5 and the fitting curves based on a
Langevin function.
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