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Crystal structure and magnetoresistance of Lg,_)sNd,;;CasMnO 3.
Local lattice distortion effect
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The crystal structure, low field ac susceptibility, magnetization, and magnetoresistance behavior of
La(;—53Ndy3CaysMNO5 (x=0-2 compounds are investigated. The crystal structure of the compounds
belongs to an orthorhombically distorted perovskite structure. The lattice distortion and the bending of Mn-
O-Mn bond increase with the increase of Nd content. ac susceptibility and magnetization measurements show
that the magnetic transition temperature decreases with the increase of Nd content, and two evident magnetic
transitions are observed far=0.75—1.0. The magnetization isotherms exhibit a field-induced magnetic tran-
sition in the sample. Large magnetoresistafd®) effects are observed in bulk ka ,y3Nd,/;;Ca;sMnO5 at
low field. For bulk La;3Nd,sCa;,sMnO3 a MR ratio as high as-96% is achieved in a field of 0.67 T. The
maximum MR ratio in a field of 0.67 T increases linearly with the decrease of peak temperature of zero-field
resistivity. Based upon the discussion on local distortions of the lattice and measurements of ac susceptibility,
magnetization, and resistivity, a magnetic inhomogeneity model, i.e., simultaneous occurrence of metallic
La-rich ferromagnetic domains and semiconducting Nd-rich domains, is proposed for the magnetic structure of
La - x3NdyzCasMnO5 compounds. Within the framework of the magnetic inhomogeneity model, it is
argued that the occurrence of resistivity peak could result from a competition of opposite temperature depen-
dence of resistivities in La-rich phase and in Nd-rich phase, thus the peak temperature of resistivity does not
necessarily correspond to a magnetic transition temperd®04.63-182607)03206-2

[. INTRODUCTION an important role for the size effect. The reported size effect
is essentially an average effect. Different local distortion of
Manganese perovskiteR; _,A,MnO; (R=rare earth, the lattice around different ions could result in a magnetic
A=alkaline earth has attracted considerable attention re-inhomogeneity in the compound and give rise to an intrigu-
cently owing to its giant magnetoresistan@®MR) effect ing magnetic structure and magnetoresistance behavipr.
that is considerably larger than the GMR observed in mag- In this paper, the crystal structure and magnetoresistance

netic multilayers and alloys:® The parent antiferromagnetic ©f L&(2—xsNdx3Ca1sMnO; (x=0-2) are reported. The lo-
insulator LaMnG, involves Mn®* ions with 3.} (S=2) cal distortions of the lattice around B4 and Nd®* ions are
&g

configuration. The Hund-coupledgg electrons may be expected to be different, since, in addition to the difference

viewed as a single local spirSE 3/2) because of their nar- 1 \oC radius, the end compound kgaysMnOg exhib-

; X - ited a magnetic ordering around 270 K with a fully spin-
row one-electron bandwidth, while t}ﬁ state hybridized polarized magnetic momeHf, while the end compound

strongly with the O states is either itinerant or localized. Nd,,sCaysMnO showed a magnetic ordering around 100 K
The parent compound LaMn{s a Mott insulator due to the ith a very low spontaneous magnetization at 7#*#fter
strong correlations of the, eIe_ctronsﬁ. However, itwas sug- g brief description of experimental procedure in Sec. Il, the
gested that proper hole doping by substitution of divalenkrystal structure, ac susceptibility, magnetization, and mag-
alkalln_e earth fo_rR3+ ions in LaMnO_g can !ead to both petoresistance of L@ sNd,3CaysMnO 5 compounds are
metallic conductivity and ferromagnetism via a double ex-reported in Sec. IIl. A possible relationship between lattice
change(DE) mechanism, i.e., the hopping ef; electrons  gjstortion and magnetic structure as well as magnetoresis-

between Mf’?+ and Mnf‘* ions mediated by oxygen aniofs. tance is discussed in Sec. IV, and finally a summary is given
The effective transfer integral @ electrons depends on the jn Sec. V.

relative angle of the localized spins of manganese ions. The

structure distortion may not only influence the effective Il. EXPERIMENTAL PROCEDURES

transfer integral but also result in superexchange interaction

between manganese ions and complicate the magnetic struc- La;y)sNd,/;3CasMnO5 (x=0-2) bulk samples were
ture of the compound. Hwanet al® and Fonteubertat al®  prepared by a standard ceramic processing route. Well mixed
investigated the size effect of the ions at tAesite in  stoichiometric mixtures of LgO;, Nd,O; MnO, and
ABO; on the magnetoresistance of doped LaMn®@ith  CaCO; were calcined at 1173 K for 24 h. The powder thus
fixed Mn3*/Mn“* ratio and found that magnetic transition obtained was ground, pelletized, and sintered at 1373 K for
and significant magnetoresistance occurred at lower temper&6 h with two intermediate grindings, then furnace cooled to
ture as the average ionic radius at thesite was decreased. room temperature. Phase purity and crystal structure of the
They argued that the bending of the Mn-O-Mn bond playedsynthesized samples were examined by x-ray powder diffrac-
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FIG. 1. XRD pattern of LgsNd,,Ca;sMnO5; compound. The sharp and can be indexed by an orthorhombically distorted
observed data are indicated by crosses and the calculated profilepgrovskite structure with space grolgbnm The crystal
the continuous line overlying them. The lowest curve shows thestructure was further refined by a standard Rietveld
difference between observed and calculated patterns. The vertic'@échnique*{2 Figure 1 shows the observed and calculated
bars indicate the expected reflection positions. XRD patterns of La;gNd4Ca;,;MnO; compound. The final
tion, by using a Rigaky x-ray diffractometer with a rotating ?t’(,)mlc palrzameters, weighted pattdriactor, “goodness of
anode and Cuk radiation. it” (S),” and selected Mn-_O-Mn_ bond angles of

Low field ac susceptibility of the samples between 77 KL82-x3NdxsCayMnO; are given in Table I. The
and 300 K was measured by means of a sensitive mutuSfructure reflneme_nt 3re_sults are similar to those of
inductance method with a frequency of 320 Hz. The magneP1-xCaMnOs; series:® Figure 2 shows the dependence of
tization of the samples was determined by an extractind@ttice constants on Nd content. The lattice constan&d
sample magnetometer or a Quantum Design superconductir?g‘_jecrease Imgarly with the increase of Nd content, while
quantum interference device magnetometer. The resistan&eincreases slightly. Although there is a crossover around
of the samples was measured by a standard four-probe=0.45 froma>b to a<b, ¢/y2 remains smaller thaa
method between 77 K and 300 K. The magnetoresistancandb over the whole composition ranga=0-2. There-
(MR) ratio is defined here a& R/R=(Ry— Ry)/R,, where fore, the crystal structure of La. ,);3Nd,;sCa;sMnO; be-

R, and Ry are resistances in a field of zero and H, respeclongs to anO’-type SthC.thé, which is an orthorhomb-
tively. ically distorted perovskite structure resulting from a

cooperative Jahn-Teller effect of M ions leading to dis-
ll. RESULTS tortions of Mn** Og octahedra and their cooperative order-
ing.
The deviation from cubic symmetry of an orthorhomic
X-ray powder diffraction(XRD) reveals that single-phase structure can be described by a so-called average distortion
samples were obtained far=0-2. The diffraction peaks are ratio, D, which is defined a5

A. Crystal structure

TABLE I. Final atomic parameters, weighted pattel factor, “goodness of fit” §) and selected Mn-O-Mn bond angle of
La(p—3NdysCaysMnO; (space grougPbnm).

Composition 0.00 0.15 0.30 0.45 0.60 0.75 1.00 1.20 1.50 2.00

R (4c) x 0.49526) 0.49425) 0.49315) 0.49335) 0.49315) 0.49396) 0.49193) 0.492@5) 0.49285) 0.492@6)
y 0.01922) 0.02062) 0.02212) 0.02292) 0.02452) 0.02532) 0.02752) 0.030G2) 0.03272) 0.036@2)

z 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mn (4a) x 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
y 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
z 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Ol (4c) x  0.557821) 0.569223) 0.562424) 0.566324) 0.573322) 0.564224) 0.563718) 0.562124) 0.564724) 0.572728)
y  0.491317) 0.4917219) 0.491818) 0.489318) 0.488318) 0.485418) 0.485813) 0.487917) 0.488417) 0.480820)
z 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
02(8d) x  0.221719 0.223422) 0.222G21) 0.224124) 0.223822) 0.221522) 0.218216) 0.224322) 0.222G22) 0.215724)
y 0.272622) 0.276623) 0.275423) 0.278821) 0.281719) 0.279022) 0.281915 0.286419) 0.285420) 0.284622)
z 0.028711) 0.025413) 0.029712) 0.025213) 0.025412) 0.031112) 0.029410) 0.034612) 0.037411) 0.036117)

Ruyp (%) 13.65 14.34 14.20 14.60 13.36 14.30 11.35 14.10 14.06 17.03
S 1.19 1.25 1.21 1.23 1.20 1.18 1.23 1.22 1.27 1.47
Mn-O1-Mn 161 158 160 159 156 159 159 160 159 156

Mn-O2-Mn 162 163 162 163 163 161 160 159 158 157




3744 G. H. RAQ, J. R. SUN, J. K. LIANG, AND W. Y. ZHOU 55

ULELELE BLELELELES BLRLALELE BLELELALE SLALALELE B ALEL 300 T T T T T T

250 |

~~
%
N’
D)
S
=
—
<
By 5 200
= Q.
3 !
'..a - 150
8 =
7 2 _
= 100
n ‘o 3
© o=
s g | ]
50 PYRE W W ST SN ST W [ WO ST T SN N S W W
= 0.0 05 1.0 1.5 2.0

. X
MW BT Er AT Bt b | P
50 100 150 200 250 300 350

FIG. 4. Composition dependence of magnetic transition tem-
Temperature (K) perature and peak temperature of resistivity in zero field of
La s x3NdysCaysMnO;. Ty is the second magnetic transition

FIG. 3. Temperature dependence of low-field ac susceptibilit)}emperature fox=0.75-1.0. Solid lines are guides to the eyes.
of La(,—x)sNd,3CaysMnO3. The dotted lines are baselines for the
corresponding curves and downwords arrows indicate magnetiich branch of theT,,—x curve, whileT,,, coincident with

transition temperatures. the Nd-rich branch. It seems to indicate that the magnetic
transition at high temperature is related to that in
13 a—a La,sCa;sMn0O4, while the magnetic transition at low tem-
D= 521 a2 | perature is related to that in NgCa;;sMnOs.
i= i

Figure 5 presents the temperature dependence of magne-
— tization of La;; 3Nd,/;3Ca3sMNO5 with x=0.75-1.2. At

— 1/3 _ _ _ 2—x)13NUy3ay 3 3
wherea=(abd/y2)'", a;=a, a?—b, and a3—'c/\/'§. The 3 field of 0.5 T, the temperature dependence of magnetiza-
dependence dD on Nd content is also shown in Fig. 2. The yion is similar to that of low field ac susceptibility of the
average distortion rati® exhibits a drastic increase around compound. Two magnetic transitions are evident for
x=1 from D=0.1% forx<1 to D=0.39% atx=2, which  y_0 75 and 1.0. At a higher field ¢=4 T, the magneti-

implies a larger orthorhombic distortion wher>1. As  ,44i0n curve becomes a unified one, and the magnetization at
shown in Table |, the angles of Mn-O-Mn bonds show a5,y temperature corresponds to an almost fully spin-

tendency to decrease with the increase of Nd content, i.e., t%larized state for the samples with: 1.0 and 1.2. The inset
bending of Mn-O-Mn bonds increases with in Fig. 5 shows two magnetization isotherms at 100 K and

B. ac susceptibility and magnetization

Low field ac susceptibility of Lg_3Nd,/;3Ca;sMNnO4 160
is shown in Fig. 3. Fox=0, the susceptibility exhibits a
sharp increase with the decrease of temperature, indicating
an occurrence of magnetic ordering. The magnetic ordering 120 f
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corresponds to a paramagnetic-ferromagnetic transition at D 100 fEg 20
Tn=T.=277 K, which is consistent with previous > 80 0
reports*1% As the Nd content increase$,, decreases and 3

the width of the magnetic transition becomes more and more § 60

broad. Forx=0.75-1, another magnetic transition occurring S 40

at low temperature is well developed, in addition to the one

taking place at high temperature. Wher 1.2, however, the i

magnetic transition at high temperature is hardly observed, 0 P
o : 0 50 100

only the transition at low temperature can be determined, and

the width of the magnetic transition becomes narrow again. T (K)

For x=2, a magnetic transition takes placeTg=118 K,

which agrees well with previous repdrt. . _ FIG. 5. Temperature dependence of magnetization of bulk

Figure 4 shows the dependence of magnetic transitiona , , Nd,sCayaMnO; (x=0.75-1.2 measured in different
temperature on Nd content in A ,)3Nd,3Ca;sMNO3.  magnetic fields. Field-cooling curves are shown. The inset shows
For x=0.75-1, two magnetic transition temperatur@g, the magnetization isotherms of the sample with1.0 at 100 and
andT,,, can be determinedl, is coincident with the La- 140 K, respectively.

150 200 250 300




55 CRYSTAL STRUCTURE AND MAGNETORESISTANCE OF ... 3745

10° 100
80 r
10?
—~
3¢
= = haryy!
B g &
& 10 & Q2
X 3 <|1
40 |
10° o
20t
[ ]
: 0
0 50 100 150 200 250 300
T (K) 0 1 1 1 1
50 100 150 200 250 300
FIG. 6. Temperature dependence of resistivity of Tp (K)

La(z-y3Ndy3CaysMnO; for x=0.3, 1.0, and 1.5, respectively.
For x=1.5, the difference betweep(0) and p(0.67 T) is very

small. FIG. 7. Dependence of the maximum MR ratio in a field of 0.67

T on the peak temperature of resistivity in zero field.

140 K for the sample witlx=1.0. Both the isotherms exhibit
two plateaus: the lower one sets inkt=0.5 T, while the
higher one, which corresponds to an almost fully spin-
polarized state of the compound, sets intat=4 T and
H,=4.5 T for the isotherms at 100 and 140 K, respectively
BetweenH; and H,, the magnetization shows a rapid in-
crease aH; =1.2 T andH.=1.8 T for the isotherms at 100
and 140 K, respectively, indicating a field-induced magneti(iA
transition.

|[AR/Ry|>90% in R,_,A,MNnO; was observed at much
higher field(6—12 T).1°In a field of 0.1 T, the MR ratio in
bulk Lay;3Nd4,5Ca;,sMNO5 is about—55% , which is much
higher than the MR effect observed in the La-Ca-Mn-O film
(~ —15%?' and in the La-Y-Ca-Mn-O bulk sample
(~ —13%) 3 in a field of the same strength.
Figure 7 shows a relationship betwe€p and maximum
R/Ro| in Lag_x)3Ndy;3CaygMnO5 bulk samples at a
field of 0.67 T.|AR/Ry|max increases linearly with the de-
_ crease ofl,. Forx=1.2,|AR/Ry| is about 90% at 80 K in
C. Magnetoresistance a field of 0.67 T, but its maximum value is not observed

The magnetoresistance of the bu'k down to 77 K. Forx=1.5 and 2, the I’eSiStiVity exhibits semi-
La - sNdysCayaMnO; is measured by a standard four- conducting behavior betwegn 77 and 300 K in a field up to
probe method during cooling the sample from 300 to 77 K in0-67 T, and the MR effect is very small.
zero field or in an applied field. In zero field, the resistivity It is well known that the MR ratio irR; _,A,MnO3 does
exhibits a metallic behaviordp/dT>0) at low temperature NOt show a saturation even at much higher magnetic fields.
and a semiconducting behaviatg/dT<0) at high tempera- At @ higher applied field|AR/Ro|max Will increase and the
ture forx<1.2. Figure 6 shows the temperature dependencinear relationship betweefi R/Ro|max and T, may be bro-
of the resistivity of some samples. The sharp resistivity peaken. However, the correlation betwephR/Ro|max and Ty,
is indicative of the occurrence of metal-insulaté 1) tran-  that|[AR/Rg| s increases with the decrease B was still
sition. The temperature corresponding to the resistivity peaRbserved at a higher applied fiefd.

T, is also shown in Fig. 4. As the Nd content increasgs,
decreases rapidly and becomes more and more lower than IV. DISCUSSIONS
the magnetic transition temperatufg, .

When a magnetic field is applied, the temperature depen- The XRD pattern reveals that at room temperature the
dence of resistivity is similar to that in zero field, but the crystal structure of Lg _,);sNd,;3Ca;sMnO3 belongs to an
resistivity decreases, the resistivity peak broadens and shifgfthorhombically distorted perovskite structure. For an ideal
to a higher temperature. The direction of the applied fieldoerovskite structureABOj3), the crystal symmetry imposes
was the same as that of current. No obvious dependence én strong constraint on the ratio g-O and B-O bond
field orientation was observed if the demagnetization effectengths:d.o/dg. o= V2 (i.e., tolerance factot=1). If the
is taken into account. The largest change in resistivity takeatomA is too large for the cubic cagd8Q3), the cage is in
place around the resistivity peak, and thus gives rise to &nsion and the atorA in compressiontC>-1). If atomA is
very prominent negative MR effect. For too small, the situation is reversetk{1). Therefore, some
La3Nd;,4Ca;,sMN0O4 bulk sample, a MR ration as high as internal stress will be introduced in the structure when there
—96% is achieved aroun@=90 K in a field of 0.67 T, exists a size mismatch between atom®\aite andB site.
which is the highest available magnetic field during coolingThe internal stress can be partially relieved by structure dis-
the sample in our experiment. Usually, the MR effect withtortion. The cubic structure is distorted either by the atom
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TABLE Il. Bond valence sum around each catiof) and average bond valence sum around each cation
site.

Composition 0.00 0.15 0.30 0.45 0.60 0.75 1.00 1.20 1.50 2.00

Vi 309 313 315 314 321 322 325 331 337

Vi 261 263 262 268 269 271 276 28 2091
Ve 177 180 181 180 184 18 187 190 194 201
Vi 265 266 265 262 265 263 261 262 262 261
Vs 358 356 357 358 355 356 355 356 353 351
Vit 351 350 350 351 349 349 349 349 346 344
Van 355 354 354 355 353 354 353 353 351 349

B moving off center in its octahedrofwhen atomA is too  existence of inhomogeneous local distortion of the lattice
large giving rise to a ferroelectric phade.g., BaTiQ;)) or  might lead to a complex magnetic structure of the com-
by the cage collapsing by a rotation of the octahggvaen  pounds.
atomA is too small leading to a ferroelastic phase. In both  In an ideal cubic perovskitBMnO 4, the anionpo orbit-
cases the environment of the cation that is in tension is disals are orthogonal to the,y orbitals of Mn ions and the
torted, which gives rise to a bending BO-B bond* anionpr orbitals orthogonal t@; orbitals. The deformation
Bond valence sum of an atom can be used to examine thend rotation of MnQ octahedra can disturb the orthogonal-
internal stress around the atdfit:> The valence of a bond is ity of the orbitals and in general result in an occurrence of
defined as antiferromagneti¢AFM) superexchange interaction between
Mn ions, which will compete with the ferromagnetiEM)
interactiont!131’According to de Gennée'§ the competition
s=exp( Ro— R) of the coexisting AFM and double-exchange interactions be-
B tween Mn ions always leads to a distortion of the ground-
state spin arrangement and thus gives rise to a canted spin
] ] ) structure, since the electron transfer lowers the energy by a
whereB=0.37 A, R is the bond length in A an® is the  term of first order in the distortion, while the initial exchange
bond length of unit valence. In general, the sum of the vagnergy is increased only in second order. The canted spin
lences of the bonds formed by any atowh, is equal to its  girycture can be stable up to a well-defined temperafyre
atomic valence(valence-sum rule The valence sum rule gnq ahover, the system can be antiferromagnetic, ferromag-
will be violated if there exists internal stress in the structure petic. or paramagnetic, depending upon the relative amount
If the bond valence sum of an atom is larger than its o mopile electrons. Taking into account a low spontaneous
atomic valence, the atom is in compression, and/ifis  magnetization at 77 K a larger distortion rati® (Fig. 2)
smaller than its atomic valence, the atom is in tension. Fromyq semiconducting resistivity between 77 and 300Fig.

the measured lattice parametéFsg. 2) and the atomic P& 6) of Nd,CaysMnOs, its magnetic structure at low tem-
rametergTable |), the bond valence sum around each Cat'onperature is likely to be a canted spin structure.

and the average bond valence sum around each cation site in o5 shown in Figs. 3-5, the magnetization of the low mo-

La (2 —x)3Ndx3CaysMnOg are falCU'gfited a2n+d I|ste§l+|n Table ment state at high temperature increases with the increase of
II. 'I;De values ofR, for La®", Nd*", Ca™", Mn®", and | 5 content in L2 4sNdy;sCay3Mn0O;. For the sample
Mn are 2.172, 2.105, 1.967, 1.760, and 1.753, respeqyjth x=0.75, the magnetization of the low moment state at
tively. = The average bond valence sum arouRdsite, o5 T could be as high as 60 emu/g(-2.26ug/Mn), indi-

Vg, is smaller than the expected average atomic valenceating that the low moment state at high temperature cannot
(2.67), and that around Mn sit¥\, is larger than the ex- be an antiferromagnetic one. An alternative possibility is that
pected valug3.33. In other words, on average the ions at the low moment state corresponds to a canted spin structure
R site are in tension, while Mn ions are in compression, andand transits to a collinear ferromagnetic state at low tempera-
thus the structure is distorted mainly by rotations of MnO ture, which, however, is inconsistent with de Gennes’ predic-
octahedra. The deviation of the calculated bond valencéon. In addition, the magnetic transition temperature at low
sums from the expected values is indicative of an incompletéemperature forx=0.75-1.0 lies on the extrapolation line
release of the internal stress by structure distortion. Howevefdashed line in Fig. Yof the Nd-rich branch of thd ,—x

the bond valence sum around each catioR aite indicates curve, while the magnetic transition temperature at high tem-
that La®" is in compression, while Nt and C&Z" are in  perature fox=0.75-1 isconsistent with the La-rich branch
tension. Therefore, local lattice distortions aroundtaons  of the T,, —x curve. Therefore, the low moment state at high
are different from those around Nd and C&Z" ions. The temperature and the high moment state at low temperature in
MnOg octahedra around Nt and C&™ are likely to rotate  La,—sNd,3CaygMnO5 (Fig. 5 seem to be associated
to relieve the internal stress, which will lead to a larger bendwith the magnetic structures of end compounds
ing of Mn-O-Mn bond. As shown in Table I, the angles of La,;Ca;sMnO; and Nd,sCa;,sMnO 5, respectively.

Mn-O-Mn bonds decrease with the increase of Nd content, Based upon the structure refinement results and analysis
and accordingly the distortion ratld increasegFig. 2. The  of bond valence sum around each cation, it is reasonable to
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expect an existence of magnetic inhomogeneity, i.e., simuland confirmed by neutron diffraction experiméhtut de-
taneous occurrence of ferromagnetic domains and nonferrggends on the relative contribution of metallic phase and in-
magnetic domains, in L@_ysNd,;3CaysMnO5. The mag-  sulating phase to the resistivity of the compound. The larger
netic inhomogeneity could originate from different local the contribution of metallic phase is, the higher the peak
distortion of the lattice around 1%4 and NP * ions, since in ~ temperature. Taking peak temperature of resistivity as a
the crystal structure of L@_,sNd,sCayaMnO; com- magnetic transition temperature as in Ref. 9 is, in our opin-
pounds Nd* ions are in tension and the local lattice distor- ion, an approximation exclusively for th&;_,A;MnO3
tions around Nd* ions are mainly caused by the rotation of cOmpounds with an almost fully spin-polarized magnetic
MnOg octahedra, while L&" ions are in compression and Mmoment as shown in Fig. 4.
the local lattice distortions around B# ions are different As shown in the inset in Fig. 5, a low applied field
from those around N¥" ions. Taking into account that the (H<1T) e_ssentially increases the magnetization drastically
end compounds LgCa;sMnO; and NdysCaysMnO5 are pfi _the La—nch_ ferromagnetic phaéé,corresp.onding to an
ferromagnetic and nonferromagnetic, respectively, the inholnitial magnetization process before saturation, and reduces
mogeneous local lattice distortions might give rise to a sithe resistivity of the La-rich phase accordingly, which will
multaneous occurrence of metallic La-rich ferromagnetic do@ive rise to a shift of the resistivity peak to a higher tempera-
mains and semiconducting Nd-rich domains. Then thdure and a large magnetoresistance effect. An applied field
magnetization of the low moment state at high temperaturéffeCtS the conductivity of the compound most effectively at
shown in Figs. 3 and 5 could be attributed to the La-richthe temperature range where the contributions of the La-rich
phase. As the La content increases, the volume fraction d?hase and Nd-rich phase are comparable. Therefore, a promi-
La-rich phase increases, and the magnetization of the loRent MR effect occurs around the resistivity peak of
moment state at high temperature increases accordingly. TH{0)—T. At a higher applied fieldi>1 T), the magneti-
Nd-rich phase is expected to transit to a canted spin structur&@tion of the La-rich phase approaches to saturation, while
at low temperature, which might be responsible for the secthe Nd-rich phase might undergo a field-induced magnetic
ond magnetic transition observed in compounds withtransition, and the MR ratio could be further increased.
x=0.75 and 1.4Fig. 5. At a higher applied field, the mag-
netization curve becomes a unified one _colrre'spolnding to an V. SUMMARY
almost fully spin-polarized state, which is indicative of the
occurrence of a field-induced magnetic transition. The field- The crystal structure, ac susceptibility, magnetization, and
induced magnetic transition is evident in magnetization isoimagnetoresistance behavior of LayysNd,;Ca;sMnO;
therms shown in the inset in Fig. 5. Based on the magnetiare investigated. Crystal structure refinement results reveal
inhomegeneity model, the low moment plateau in the isothat La,_)sNd,;3CaysMnO5 compounds crystallize in an
therms sets in at nearly the same field for different temperaerthorhombically distorted perovskite structure
tures and seems to correspond to the saturation of the La-ridi®©’-structurg at room temperature. As the Nd content in-
phase!® while the field-induced magnetic transition occurs creases, the lattice distortion and the bending of Mn-O-Mn
in the Nd-rich phase, the onset field of which decreases witlbond increase. The local lattice distortions are discussed
decreasing temperature. For the sample witil.2, the low based on crystal structure refinement results and bond va-
moment state at high temperature is hardly detected at a fielénce theory.
of 0.5 T, but its magnetization curve is also switched to the Low field ac susceptibility measurements between 77 and
one corresponding to an almost fully spin-polarized state at 800 K show that the magnetic transition temperature de-
field of 5 T (Fig. 5. For the end compound creases with the increase of Nd content. ¥610.75—1, two
Nd,sCay,sMnO4, however, neither the field-induced mag- magnetic transition temperatures are observed, and the mag-
netic transition nor the saturation is observed at 50 K in thenetic transition at high temperature seems to be related to
fields up to 6.5 T. These observations seem to indicate thdhat of Lay3Ca;sMnO3, while magnetic transition at low
the coexisting La-rich phase might have an induction effectemperature is related to that of BlgCa;,;MnO5. The mag-
on the field-induced magnetic transition in Nd-rich phase. netization curve becomes a unified one corresponding to an
Within the framework of the magnetic inhomogeneity almost fully spin-polarized state at higher fields. The magne-
model, the coexisting La-rich domains and Nd-rich domaindization isotherms reveal a field-induced magnetic transition
are assumed to distribute randomly in the compound. In zerm the sample.
field, the La-rich ferromagnetic domain is metallic Resistivity and magnetoresistance of bulk sample are
(dp/dT>0) belowT,, and the Nd-rich domain is semicon- measured between 77 and 300 K. Fe£1.2, a resistivity
ducting dp/dT<0) between 77 and 300 K. Therefore, the peak is observed in zero field and larger magnetoresistance
resistivity peak could result from opposite temperature deoccurs  around the resistivity peak. In  bulk
pendence of resistivity in La-rich domains and Nd-rich do-Lay,sNd1,sCa;,;MNO5; sample, a MR ratio as high as96%
mains. As the La content increases, the volume fraction ofs achieved in a low field of 0.67 T, which is much larger
La-rich phase increases, and the contribution of metallic conthan previous reports on buR; _,A,MnO; in a field of the
ductivity to the conductivity of the compound increases,same strength. In addition, a linear dependence of maximum
which will result in a shift of the resistivity peak to a higher MR ratio in a field of 0.67 T on the peak temperature of
temperature as shown in Figs. 4 and 6. Based upon the maggsistivity in zero field is observed.
netic inhomogeneity model, the peak position of resistivity Based upon the discussion on local lattice distortion and
does not necessarily correspond to a magnetic transition tenmeasurements of ac susceptibility, magnetization, and resis-
perature as observed in mam;_,A,MnO; compound® tivity, a magnetic inhomogeneity model, i.e., simultaneous
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occurrence of metallic La-rich ferromagnetic domains andance effect might be associated with the initial magnetiza-
semiconducting Nd-rich domains, is proposed for the magtion process of the La-rich phase at low field. A field-induced
netic structure of Lg _sNd,;3Ca;sMn0O3. Itis argued that magnetic transition occurs in the Nd-rich phase. The coex-
the magnetic inhomogeneity could originate from the differ-isting La-rich phase seems to have an induction effect on the
ent local distortions of lattice around B4 and N&®* ions.  field-induced magnetic transition.

Within the framework of the magnetic inhomogeneity
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