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Bandwidth-controlled magnetic and electronic transitions in La, Cay 5 ,Sr,MnO; (0<x=<0.5)
distorted perovskite
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We have investigated the effect of the increase of the one-elegjrbandwidth §v) on the ferromagnetic
and antiferromagnetic transitions in charge ordereglCa, sMnO; by substituting bigger $f" ions for C&*
ions through electrical resistivity and low-field ac-susceptibility measurements as a function of temperature.
The system LgCa 5 4Sr,MnO; is shown to undergo structural transitions with increasingorx=0.0 and
0.1, the structure is orthorhombic with space gréupma Forx=0.2, 0.3, and 0.4, the structure is consistent
with a monoclinic space group2/a. The end memberx=0.5) has a tetragonal structuré4(mcm). T¢
increases withx monotonically, consistent with the fact that the increas@\benhances double-exchange
ferromagnetic interaction. On the other hand, in contrast to the expected monotonic suppigggicreases
initially with Sr concentration, followed by a decrease, finally disappearingf00.4. The honmonotonous
variation of Ty may indicate a possible change in the type of magnetic structure in the antiferromagnetic state.
[S0163-182698)00306-3

The distortedABO;-type perovskite LgsCasMnO3 is  Increase ofW increases the overlap integral and hence the
known to undergo transitions from a paramagnetic to a ferdouble-exchange interaction. At the same time, it modifies
romagnetic state ac~225 K and then to an antiferromag- the charge-ordered antiferr_omagnetic structure and fina_IIy for
netic state affy~150 K! In the paramagnetic state, the largerW it destroys the antiferromagnetic state as mentioned
temperature dependence of electrical resistiiyT) is earlier. Application of hydrostatical pressure also enhances

; : the ferromagnetic interaction and modifies the antiferromag-
semlconductorllkg and shcl)ws.an anomalyTet, buF does' netism in a similar way through an increase in the overlap
not show metallic behavior in the ferromagnetic region;nieqai11-13 | this article, we want to investigate whether
which is expected for double-exchange ferromagnetiGhe trends observed in the magnetic behavior as a function of
interaction” This is due to a smaller width{) of the one-  \v involving comparison of different systenfdescribed in
electrone, band;W is determined by the average radius of the previous paragraplean be seen in a single system, viz.,
the A-cations (r,)) through Mn-O-Mn bond anglesThe by the substitution of Sr for Ca in LaCa, sMnO;.
low-temperature antiferromagnetic state, whe(&) shows Polycrystalline samples LagCa 5 SrMnO; (x=0, 0.1,
insulating behavior, has been attributed to simultaneous 00.2, 0.3, 0.4, and 0)Swere prepared by the standard solid
dering of orbital (Jahn-Telley, charge(Mn3* and Mn** state method. Stoichiometric amounts of starting materials,
ions and spin CE type).*® The system Ng:SrpMnO,  Lax0z; (Fluka AG; 99.98% dried at 1000 9C SrCG;,
with largerW ({r »)=1.2365 A than that in Lg CaMnO; ~ CaCO; (Leico Industries, New York; 99.999%6and MnG,
((ra)=1.198 A shows a clear ferromagnetic metallic tran- (Cerac, 99.99% were mixed thoroughly and calcined at

sition belowT(= 250 K) and an antiferromagnetic nonme- 1100 og' Then tt'e ?rodgcts errhe przssedl igto pellets and
tallic transition setting in afy=160 K as the temperature sintered at 1500 °C for about 12 h, and cooled to room tem-

is lowered” Recently, Kawancet al® have reported that perature at the rate of 5°/min. Ppwder X-ray diffraction data
the system NgSrMnO; also exhibits an antiferro- were collected using a JEOL diffractometer withtGura-

X . diation by step scanning0.02°) in the range 26224
magnetic structure of th€E type whereas the material o : )
Pro.cSip MnO; with a largerW ((r,)=1.2445 A has an <100°. The data were analyzed by the Rietveld method us

_ _ing the progranFuLLPROFR* Ac susceptibility[ x(T)] mea-
A-type spin arrangement, and they correlated this behav'°§urement150—350 K were performed with a frequency of
with W. Further, they found no evidence for charge ordering;os Hz and a driving field of 0.8 Oe(T) measurements

in the antiferromagnetic state of §4SKMnO;. On the (42300 K were carried out by a four-probe method em-
other hand, the system kgSi sMnO; with a still larger  ploying a conducting silver paste for making electrical con-
value of (rp) (=1.263 A remains a ferromagnetic metal tacts of the leads with the samples.

(Tc=230 K) down b 2 K due to a largew.? Powder x-ray diffraction patterns revealed that all
The important effects ofV on the ferromagnetic transi- the samples are single phase. X-ray dataxer0 and 0.1
tion may be understood from the relationship; could be refined on the basis of orthorhombic structure

=bjjcos(@;/2); among the transfer integrat;{) of the e;  with the space groupPnma as already reported for
carriers between andj Mn sites, the overlap integrab(;)),  Lag<Ca MnO;'° and the pattern obtained at the conver-
and the relative angled;) between thet,, local spins®  gence of the refinement is shown in Fig. 1. Occupancy of La
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"""""""""""""" has a tetragonal symmetry with the space grédfmcm
reported for Pgs_,CeSi sMnO; with larger (r ,).*%° The

%=0.0 observed, calculated, and difference patterns are also shown
Orthorhombic in Fig. 1. The refined structural parameters, bond lengths,
Space Group: Pnma and angles are given in Table I. It can be seen from the table

that the cell volume increases with increasexptonsistent
with the fact that the bigger St ions are substituted at the

i g é I N . A Ca’" site. Despite the lack of accuracy in the determination

R N AT TRt T o=t of oxygen positions with x-ray diffraction, the various bond

....... o T e e o o lengths obtained are comparable to those found in similar

systems®19 |In all these samples, only a small difference

between the Mn-Q1) and Mn-Q2) bond distances is ob-

=02 served 0.04 A). This indicates that Jahn-Teller distortion
Monoclinic is very small. Both the Mn-Q)-Mn and Mn-Q2)-Mn bond
Space Group: I2/a angles increase with the increaseofas expected. In the
case ofx=0.5, the Mn-@1)-Mn bond angle remains 180°
1 % because the octahedra are rotated about the langgis.
}1 i A e AL Results of age(T) andp(T) measurements while cooling
. e a ™ and warming(77 K<T=<300 K) for the sample withx=0

T T e are shown in Fig. @). It can be seen from this figure that on
cooling the ferromagnetic transition sets in at 220 K as re-
ported earlier; the resistivity, however, shows a decrease
x=0.5 with temperature below-170 K and the decrease of suscep-
S Tetragonal tibility and increase of resistivity at about 130 K arise due to
pace Group: [4/mcm . . . .
the onset of antiferromagnetic ordering. However, the resis-

tivity values in the antiferromagnetic state remain low and
{ ] z A é n . A the susceptibility does not seem to reach a nearly zero value

at 77 K. It should be noted that this behavior is different

- " , ~ ﬁ* ‘ {mﬁ e e " from the one already report&dn the sense that the tempera-
30 40 50 60 70 80 %0 100 ture derivative ofp(T) was found to be negative beloVy,
20 with the corresponding value of the susceptibility being

nearly zero. While warming, the antiferromagnetic state per-
FIG. 1. Observedpluses, calculatedcontinuous ling, and dif-  Sists until about 175 K showing a large hysteresis, consistent
ference patterngat the bottom of x-ray diffraction data fox=0,  with the first order nature of this transition. Corresponding
0.2, and 0.5 fitted with orthorhombidPfima), monoclinic (2/a), hysteritic behavior is seen in gg data as well; there is a
and tetragonal I@/mcm), respectively, in LgCa s ,SrLMnO;. small hysteresis even at the ferromagnetic transition which is
The vertical tick marks indicate the allowed reflections. an artifact of the difficulties in controlling the rate of cooling.
Similar results were also obtained fo+ 0.05 and are shown
in Fig. 2(b). The discrepancies between the results reported
) _ ) in the literature and our findings are puzzling. It should be
and Ca was refined with the constraint that the total occUmentioned here that our results are reproducible under the
pancy was 1. This gives the ratio of La/Ca as 0B%1 present preparative conditions. Furthermore, the samples sin-
0.5095). Oxygen was assumed to be stoichiometric in all thegred at 1300 and 1400 °C also showed similar results.
samples. Fox=0.2, the structure had changed and the ex-Therefore, it is possible that for oxe=0.0 sample, oxygen is
tinCtiOI’l Conditions I|m|t|ng thehkl refleCtionS ard]2+ k2 nonstoichiometric because of a |0W basicity Of Ca'cium
+12=2n, consistent with am-centered lattice. Furthermore, (which is relieved, as we substitute higher basic Sr ions for
attempts to index the Bragg peaks on the orthorhombic anga vide infra). Another possibility is that the properties of
tetragonal lattices indicated that this phase had Orthorhombiﬂ}]is Samp'e are Sensitive to the qua“ty Of the Starting mate-
symmetry. Therefore, a refinement was carried out using thfals because it is known that even 0.02 at. % of impurities
space groupmma which is reported for NgsSiogMnOs*®  can modify the metal-nonmetal transitions drastically in
This refinement, however, did not give a satisfactory profilesome manganite®. Further experiments such as neutron and
fit. A further refinement was made with a monoclinic lattice electron diffraction are needed to have a Comp|ete character-
with the space group2/a which is found for Pp St ,MNO3  jzation of this sample in order to understand the sample de-
at low temperature¥. This model gave the best fit to the pendent properties.
observed datésee Fig. 1 The samples witx=0.3 and 0.4 Results of susceptibility and resistivity measurements for
are also found to form in the same structure. The Sing'Qhe other samples while warming are shown in Fig. 3. For
crystal sample wittk=0.47 has been claimed by some to x=0.1, the acy(T) (top panel shows an antiferromagnetic
form in rhombohedral structure with the space gr&fc.!!  to ferromagnetic transition at about 190 K and a ferromag-
However, our attempt to refine the x-ray data of the poly-netic to paramagnetic transition at about 250 K. However,
crystalline sample based on this structure gave a poor fit antthe p(T) shows(bottom panela small change in slope &t
higher values of agreement factors. We find that this samplbut does not show a metallic behavior in the ferromagnetic
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TABLE I. Structural parameters obtained from the Rietveld refinement of the room-temperature x-ray
data forx=0, 0.2, and 0.5 in LasCa 5 ,SKLMnOs;.

Parameters x=0 (Pnm3g x=0.2 (12/a) x=0.5 (I14/mcm)
a(A) 5.41792) 7.63924) 5.44442)
b(A) 7.639G3) 5.46893) 5.44442)
c(A) 5.42833) 5.435@3) 7.75274)
B(°) 89.991)
V(A3) 224.66 227.06 229.8
(La,Ca,Sy
xy.2 {0.01683), {1/4, {0,1/2,
1/4,—0.002G9)} —0.0021),0} 1/4
B(A?) 0.4254) 0.434) 0.21(4)
Mn{x,y,z} {0,0,1/2 {0,1/2,4 {0,0,0
B(A?) 0.4254) 0.095) 0.064)
0(1)
{x,y,z} {0.4962), {1/4, {0,0,1/4
1/4,0.0493)} 0.5443),0}
B(A?) 0.801) 0.7(2) 1.31)
0(2)
{x,y,2 {0.2743), {0.0123), {0.2394),
0.0352), 0.2314), 0.72394),0}
—0.2803)} 0.2325)}
B(A?) 0.801) 0.7(2) 1.31)
x° 1.62 1.50 1.85
Bragg R(%) 4.11 3.95 3.09
Mn-O(1)x 2 (A) 1.9282) 1.9252) 1.9381)
Mn-O(2)x 2 (A) 1.932) 1.942) 1.932)
Mn-O(2)x 2 (A) 1.972) 1.932) 1.932)
Mn-O(1)-Mn (°) 164.15) 166(2) 180.04)
Mn-O(2)-Mn (°) 159.97) 1702) 1751)

state expected for a double-exchange mediated ferromagaagnetic transition is destroyed and in these compositions,
netism. The absence of metallic behavior may be due téerromagnetic metallic behavior is retained down to the low-
smallerW because of smallglr »). Interestingly, just below est temperature measured. On the basis of the double-
Ty, the resistivity increases steeply and thus we are able texchange interaction alone, one would expect that an in-
see the reported behavior for=0. This implies that the crease of W should increaseT: and decreaseTy
substitution of more basic strontium makes the oxygen stomonotonously. The nonmonotonous variationTef with x
ichiometric. Therefore, the magnetic structure in the antiferfrom 0.0 to 0.3 presumably indicates the change in the mag-
romagnetic state may be similar to that reportedxfer0.1®  netic structure(possibly fromCE type to A type) as ob-
With a further increase ok, T increases monotonically. served for Ng sStp sMnO; and Pg 5 ,Cg St sMnOs.

This is consistent with the fact that the increaserf) in- In conclusion, this work brings out how a change in
creases the Mn-O-Mn bond anglsee Table )l and, there- bandwidth caused by isoelectronic substitution at the Ca site
fore, W. The increase inW favors electron transfer and in LagsCa gMnO; results in various structural, magnetic,
hence the ferromagnetic interaction. Fe=0.3, a clear and electrical behavior. For=0.0, crystal structuréaround
metallic behavior can be seen in the ferromagnetic regio300 K) is orthorhombic with the space groipnmaas al-

as expected for materials with largé. On the other ready reported. Fox=0.2, the structure is determined to be
hand, Ty, varies nonmonotonously witlk; Ty~190, 220, monoclinic (2/a) and for the end membex & 0.5) the x-
and 150 K forx=0.1, 0.2, and 0.3, respectively. Similar ray powder pattern could be best fit with a tetragonal struc-
behavior has been observed in §gnyPrySro_5Mn03,21 ture with the space groupd/mcm T increases monoto-
Ndgs_,La,S6sMn0Oz. 12 For x=0.4 and 0.5 the antiferro- nously with x, consistent with the fact that the double-
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FIG. 2. (a) Resistivity (dot9 and ac susceptibilitycontinuous _3 . .
line) measured as a function of temperature while cooling as well as 10 0 100 200 308
warming for La sCa sMnO;. The resistivity data while cooling
could be taken down to 77 K only, while the warming curve was T (K)
obtained after cooling to 4.2 Kb) Cooling and warming curves of
resistivity and ac susceptibility for LaCa, 4551 ogMNO5 above 77 FIG. 3. ac susceptibility(top panel and resistivity (bottom
K. pane) versus temperature fox=0.1, 0.2, 0.3, 0.4, and 0.5 in

LagsCa s xSKLMNO; while warming.

exchange ferromagnetic interaction increases WittOn the  a deeper understanding of crystallographic and magnetic
other hand;Ty varies nonmonotonously witk, indicating a  structures. In any case, it is clear from this work that this

possible change in the type of magnetic structure in the arsystem will be useful in establishing the systematics in the
tiferromagnetic state. Neutron measurements are essential foandwidth-controlled effects in manganites.
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