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Both internal chemical pressure by ion substitution and external hydrostatic pressure induce an insulator-to-
metal (-M) transition in the P;_,Ca,MnO5 system. The behavior of spin and charge ordering through the
I-M transition has been studied with use of neutron diffraction techniques. As a function of effective pressure,
we identify three different pressure regions for the low-temperature $§&1463-18207)08105-9

Recently, pseudoperovskite manganese oxid&mO; Motivated by these considerations, we have performed a
are under intensive studies, because some of them show, neeutron diffraction study of thé-control-induced -M tran-
gardless of their being thin film or bulk, anomalously largesition in the Py _,Ca,MnO5 system in order to elucidate the
negative magnetoresistancgcolossal magnetoresistance influence of spin and charge orderings. In the present study,
CMR].1~® Within a framework of a double exchangBE)  thet control was achieved either by internal chemical pres-
mechanisnd, an effective electron transfer is given by sure through substitution of Ca ions with Sr ions for the
‘t=tcos(@2), wheret and 6 denote an electron transfer prob- Pro.esCay—ySry) 039MNO3 system or by external hydrostatic
ability when localizedt,y spins are parallel, and an angle pressure for Ry;Cag MnO3. The neutron diffraction study
between two neighborintyy spins, respectively. Therefore, of the #-control-induced -M transition in PpCag sMnO3
the mobility of electrons in the DE system is expected tohas been reported previousfy.
increase drastically by enhancing an effective electron trans- Very recently, the effects of internal pressure on
fer t. Indeed, the CMR phenomenon has been frequentlyr, Cag ;dMNO5 were studied by Tomiokat al,*? while
observed near the metamagnetic transition induced by an exae influence of hydrostatic pressure oy Ra, ;MnO 5 was
ternal magnetic field? In this casef is controlled through studied by Moritomoet al®* The Sr doping effects on
6 by aligning spins towards the field direction. On the otherPr,,Cay sMnO; were also studied by B. Ravea al® For
hand.t is also expected to be controlled throughy chang- the praseodymium manganite system, the hydrostatic and
ing the bond angles between transition-metal ions and oxyehemicalpressureeffects can be discussed in parallel. We
gen ions. According to recent studies of a doped lanthanuridentify that there are three qualitatively different regions in
manganite system with fixed hole concentrafidmpth hy-  behavior of resistivity as are schematically depicted
drostatic pressure and chemical pressure yield very similamat the upper panel in Fig. 1. At low pressure, both
effects ont because, in essence, both change the Mn-O bonBr, ;Cay ;MnO; and Py g£Cag 33MNO 5 exhibit charge order-
angles. It is also well known that hydrostatic pressure oing at T¢o, and remain insulating down to 0 Kregion
alloying leads to a dramatic variation of resistivity in the (@] Under the influence of intermediapessure how-
case of Ni oxide§:® ever, they first form charge ordering, and then undergo an

Because of a strong coupling of the transport property-M transition atT,y, [region (b)]. With much highemres-
with lattice and spin freedoms in the manganite systems, it isure they completely lose charge ordering and directly trans-
crucial to clarify the influence of each freedom to the CMRform from a paramagnetic insulator to a ferromagnetic metal
phenomenon. Rapidly accumulating experimental data seefnegion(c)]. In the present study, we shall show below that
to suggest that a larger drastic change in resistivity is frethere is a complete correspondence between the behavior of
guently observed at thé-M transition in the manganites resistivity and that of spin structures, and suggest a sche-
with charge ordering rather than in those which never shownatic phase diagram including magnetic phases shown at the
charge ordering=*® Therefore, it is important to consider bottom panel in Fig. 1. In the following, we report the results
the influence of charge ordering, although recent theoreticaf the Prg5Ca;_,Sry) 93MnO5 with y=0.3 and 0.5 as
analyses place more emphasis on Jahn-Téller effects?® typical examples for intermediate and highemical pres-
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FIG. 1. Upper panel: schematic behavior of the resistivity for
three regions in the Rr,Ca,MnO; system. Lower panel: sche- FIG. 2. Powder profiles for RBsCay_,Sr,)o3MnO; with
matic phase diagram on effective pressure vs temperature for @=0.3 and 0.5. The hatched area indicates the ferromagnetic con-
charge-ordered system. tribution to the nuclear Bragg scattering, while the shaded area in

the upper panel indicates AFM superlattice reflections, respectively.
sure, while those of the RrCagMNO; sample with 0.2,
0.7, and 2.0 GPa as typical examples under low, intermedi®ents aQ= (1,0,1 and(0,2,0, (0.5,0,0.5, and(2,0,1.5 or
ate, and higthydrostaticpressure. (2,0,2.5 in a similar manner with the previous study of the

: 11
Single-crystal samples were melt grown by a floating-field effects.” ,
zone method in a flow of 100% Ogas with a traveling First, we begin with the results of the chemical-pressure-

speed of 3—5 mm/h. For diffraction experiments powderj”duced [-M transition. Neutron diffraction patterns for

samples were prepared by powdering the single crystals, arfg0.68C@1-ySry) 03MNnO3 with y=0.3 and 0.5 are depicted

: : Fig. 2. The background intensity decreases at low tem-
were prgssed into rods. The _detalled procedure of samp eratures because intense paramagnetic scattering of Mn ions
preparation was reported previouély.

) . transforms into the magnetic Bragg reflections in magneti-
Neutron diffraction measurements were performed on 9 99 g

. . . ally ordered phases. According to the resistivit
triple-axis spectrometer GPTAS installed at a beam tube 4 e;/suremenl? thpe y=0.3 sample S?]OWS charge ordering

in the JRR-3M of JAERI, Tokai. The samples hejqnT . ~205 K and metallic conductivity below 80 K

Pro L8y MNO3 and Py edCay—ySty) 0.3MNO; studied in [region (b) in Fig. 1]. Being consistent with the DE picture,
the present study belong to the space greupma For the e observed clear ferromagnetic scattering on nuclear Bragg
powder profile measurements, an incident neutron momertefiections at 8.5 K. In addition to the FM component, how-
tum k;=3.825 A~! with a combination of 4020'-20' col-  ever, it exhibits clear AFM Bragg peaks of the ferromagneti-
limators was utilized. For the pressure experiments, an incieally stacked CE-type AFM structure because of strong hys-
dent neutron momentum ofk;=2.575 A"! and a teretic nature of thé-M transition. The intensity analysis of
combination of 40-40'-40' collimators were selected. A the y=0.3 sample yielded the observed AFM moment of
single-crystal sample was mounted in a pressure microce(/1.9+0.1)ug which was slightly tilted from th¢010] direc-
with the [010] axis vertical to yield the If,0]) scattering tion, but no significant difference between the #Mnand
plane. A liquid of Fluorinert was filled in a microcell as a Mn** moments. The FM moment is (2:8.1)ug, being in
pressure-transmitting medium, and pressure was calibratetle ac plane. By contrast, the=0.5 sampleregion (c) in

by measuring the scattering angle of (80,0 Bragg reflec-  Fig. 1] shows no superlattice AFM reflection, but only the
tion of a NaCl single crystal which was mounted in the mi-increase of Bragg intensity, indicating the sample is purely
crocell together with the sample crystal. To observe the beferromagnetic at 10 K. The magnetic moment of the0.5
havior of the ferromagnetitFM), antiferromagneti¢AFM),  sample is (3.50.1)ug, and lies in the ac plane, most likely
and charge ordefCO) components, we performed measure-along the[001] direction.
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FIG. 3. Upper panels: temperature dependence of the FM com- 4000} L —— :0
ponents in they=0.3 and 0.5 samples. Lower panels: temperature 0 50 100 150 200 250

dependence of the AFM and CO components inytheé).3 sample. Temperature (K)
The curves are drawn as guides to the eye.
FIG. 4. Temperature dependence of the FM, AFM, and CO
In the case of they=0.3 sample, however, we further components for three selected pressures(l\), 0.7 (intermedi-

noticed that there existed an extremely weak additional mag?t®: and 2.0(high) GPa, respectively. The curves are drawn as
netic peak which corresponds to the antiferromagneticallygt!des to the eye.
stacked CE-type spin structure. This coexistence of the two
sets of AFM Bragg reflections in the Pr,Ca,MnO5 system recently observed with x-ray diffraction measureméfts,
was pointed out by Jirakt all* for the concentration with while the remanence of the AFM component in the metallic
0.3=x=0.5, and it was recently reconfirmed through thephase was reported in a slightly different concentration
measurements on the Cay ;MnO; samplet! ProACay_,Sry) 0 MnO; with y=1/6° For the y=0.5

The temperature dependence of the FM, AFM, and CGsample, on the other hand, only the FM ordering sets in at
components for thg= 0.3 and that of the FM component for T~ 215 K, being accompanied with theM transition. The
the y=0.5 sample are shown in Fig. 3. The FM componenttemperature dependence of the FM component is of a con-
of they=0.3 sample appears &t~ 175 K, and gradually  ventional type.
increases with decreasing temperature. This temperature de- We now turn to describe the results of external pressure
pendence is somewhat unusual compared with that of corexperiments. According to the resistivity measureméhts,
ventional FM ordering. However, such unusual behavior rePryCag ;MnO 5 exhibits pressure-inducdeM transition for
flects the temperature dependence of the AFM and C®=0.5 GPa. Three panels in Fig. 4 give the temperature
components. As shown in the lower two panels in Fig. 3, thedependence of the integrated intensity of the FM, AFM, and
CO in they=0.3 sample sets in afo5~205 K, and the CO components at three selected pressures 0.2, 0.7, and 2.0
AFM ordering appears below ,-~170 K. With further ~GPa[regions(a), (b), and(c) in Fig. 1, respectively
decreasing temperature throudh,~80 K, the AFM and The behavior of each components at 0.2 GPa was quali-
CO components decrease, but the FM component continudatively identical with that at ambient pressdré. The CO
to increase. It should be noted that both AFM and CO comsets in afl co~200 K, and the AFM ordering appears below
ponents persist in the metallic phase beldy~80 K, be- Ty~135 K, and the FM component appears below
ing consistent with Fig. 2. We interpret that the remanenflcae~110 K. At 0.7 GPa in the regiotb), thel-M transi-
AFM and CO components are a distinct feature due to strongjon takes place near,,, ~100 K according to the resistivity
hysteresis at thé-M transition in theintermediate pressure measurements. It is clear from Fig. 4b) that the charge-
region in these manganite systems. In our recent sttidy, ordered state is formed below180 K, and the AFM com-
identical behavior was observed in the metallic phase inponent appears diy~130 K. The PgCagMnO; sample
duced by an external magnetic field. The existence of the C@xhibits a steep rise of the FM component in the temperature
component in the metallic phase of the present system wasnge of 80—100 K, but a slight decrease of the AFM and CO
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components. Note that both AFM and CO components per-

sist in the metallic phase, being similar to the results of the o Pro.7Gag sMnO3

y=0.3 sample. At 2.0 GPaegion(c)], we observed only a Rt M

FM component, but neither AFM nor CO component. 16a1f, @ 0('17(?53 ]
Recent theory often stresses importance of JT effects. Tim

Hence, lattice anomalies and a change of Mn-O bond angles 1.640 l

at the |-M transition are discussed from this viewpotfit.

However, charge ordering can cause a larger effect on a lat-
tice anomaly** In the present Ry;Cay ;MnO5 system, the

influence of charge ordering is manifested as a distinct lattice
anomaly at thd-M transition under pressure. The tempera- 1,687 [ tmtme et
ture dependence of the peak position of thed,]) Bragg ®) 2GPa ]
reflection for region(b) (0.7 GPa and that of regioric) (2.0 1.643 - (101) 1
GPa are depicted in Fig. 5. Although only pressure was

1.639 |

1.638 |

°

Q (A1)

varied between two measurements, there is a qualitative dif- 1642

ference. Under intermediate pressure in whichlti tran- 1641k T .'

sition is accompanied with melting of CO, the peak position

exhibits a sharp shift at the-M transition, whereas under 1.640 | T

higher pressure in which the system shows no CO, it shows

only a change of slope. This contrast clearly suggests that a L T S 250

huge variation of the resistivity at tHeM transition in the
Pry.Cag MnO4 system is strongly affected by a release of
lattice distortions due to a collapse of CO at th®! transi- FIG. 5. Temperature dependence of the peak position of the

tion. (1,0, Bragg reflection at 0.%intermediate and 2.0(high) GPa,
In summary, we have examined theM transition respectively. The curves are drawn as guides to the eye.

induced by external or chemical pressure in the o .

Pr,_,Ca,MnO; system. Depending on pressure, three rethe [-M transition is observed in the case where thil

gions are identified. At low pressure, the system is alwaydransition suppresses the charge ordering.

insulating. In the intermediate-pressure region, the system

undergoes an-M transition W|th |arge- hy-StereSiS. At h|gh The present Study was Supported in part by a Grant-In-
enough pressure, the charge ordering is completely sugid for Scientific Research from the Ministry of Education,
pressed, and the system directly transforms from a paramagcience and Culture, Japan, and by the New Energy and
netic insulator to a ferromagnetic metal. From these obserndustrial Technology Development OrganizatiddEDO)
vations, we have suggested a schematic phase diagrasfi Japan. H.K. was supported by Special Researcher’s Basic
shown in Fig. 1. The largest change of lattice distortions aScience ProgranfRIKEN).
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