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Pressure effects on the charge-ordering transition of BaYCOs
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Pressure effects on the charge-orderi@) transition have been investigated for an oxygen-deficient
double-perovskite cobalt oxide, BaY&®; 5, through resistivity measurements using a piston-cylinder-type
clamp cell. The charge-ordering temperatliig, rises (+19 K/GPa) as pressure increases, making a sharp
contrast with the pressure suppressioTg§ seen for the isostructural BaSmfag . We have further deter-
mined the atomic coordinates under elevated pressures, and ascribed this unexpected behavior @BaYCo
to the pressure enhancement of the orthorhombic distostigaa—b).
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[. INTRODUCTION cribed the discrepancy of the data between Ref. 2 and Ref. 4
to the different oxygen stoichiometry.

In perovskite-like @ transition-metal oxides, the barely  In this paper, we report the physical pressure effects on
mobile d electrons together with the on-site Coulomb repul-Tco and on the crystal structure for BaYgDs. We have
sion(U) cause a variety of charge-orderi(@O) and orbital- ~ found thafT ¢, of BaYC0,Os rises (+ 19 K/GPa) as pressure
ordering (OO) transitions'™* These CO and OO transitions increases, making a sharp contrast to the pressure suppres-
are amenable to the structural modification via application ofion of Tco in BaSmFgOs.” This unexpected behavior is
hydrostatic pressuréphysical pressuje and/or isovalent a§cr|b_ed to the pressure enhancement of the orthorhombic
chemical substitution(chemical pressuj§ because the distortions (=a—b) in BaYCoOs. Actually, Tco under
charge and orbital degree of freedoms couple with the shagdysical and chemical pressures scales wels tor both
of the oxygen polyhedron surrounding the transition metal BaYC0s and BaSmFs.

In this sense, structural studies are effective for deeper un-

derstanding of CO and OO phenomena. Synchrotron x-ray Il EXPERIMENT

powder diffrgction together with the Qiamond anvil pgll Polycrystalline sample of BaYGOs, 5 with 5~0 was
(DAC) technique enables us to determine oxygen positiongained through a two-step synthesis route. The direct solid-
even under high p.ressur%é.Then,' we can determine the giate synthesis in air starting from a stoichiometric mixture
structura] modification under physical pressures, and clarify) BaCQ;, Y,0s, and CaO, readily results in single-phase
the physical pressure effects on the CO and OO phenomengayCo,0;, ; with 8 >0. Here, calcination was carried out

Among the CO compounds, the double-perovskite oxidegt 1000 °C for 10 h and sintering of a pelletized sample at
of the BRC0,05 type (R=Y, Ho, Dy, and Th, attract con-  1100°C for 24 h. For the thus-obtained air-synthesized
siderable scientific intere$f® BaYC,05 has an ortho- sample, iodometric titration yielded the amount of excess
rhombic crystal structure Rmmm Z=2), containing oxygen at§=0.3X1). The excess oxygen was then com-
corner-shared Cofsquare pyramids as principal building pletely removed by annealing in flowing,Njas(in a ther-
units, and is isostructural with BaSmf&® that shows a mobalancgat 800 °C for 12 h. For this sampl&was deter-
“Verwey-type” transition® at Tco=230 K. BaYCgOs un-  mined to be 0.008). Differential scanning calorimetry runs
dergoes an antiferromagnetic transition at 330 K: the spirshowed for the sample a clear peak in both heating and cool-
ordering(SO) is of the checker-board type5(type) within ing curves around 231-233 K, the precise temperature de-
the bipyramidal layer. With further decrease of temperaturgpending on the heating/cooling rate. Synthesis procedure of
below T¢o (=220 K), chain-type CO along theaxis takes the BaSmFgOs , sample was described elsewheré.
place, accompanied by a kink in resistivitidere, we em- The resistivity ) was measured under pressures up to
phasize that the CO and SO patterns of Bay@pare the P=1.6 GPa by a standard four-probe method with the use of
same as those of BaSmf&. Having similarT¢o, the two  a clamp-type piston cylinder cellA small piece of the poly-
compounds make a good couple for comparison. Akahoshirystalline sample £0.5x1x2 mnt) was placed in a
and Ueddinsisted that BaYCgDs separates into orthorhom- sample room, which was filled with Silicone oil as a
bic and tetragonal phases beldw, and that there is no pressure-transmitting medium. The sample temperature was
anomaly in resistivity al o though there is a clear anomaly monitored with a copper-constantan thermocouple attached
in differential scanning calorimetryDSC) curve. They as- near the bottom of the sample space. The pressure values are
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BaSmFegQOs is a guide for the eye.
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FIG. 1. Physical pressure effects on resistivity of (a)
BaYCo,0O5 ; and(b) BaSmFgOs 3. The pressure values quoted are ) - o _
those measured at room temperature. Downward arrows indicafrdering transition af co=240 K, as indicated by arrows in
the charge-ordering temperaturgg. Fig. 1(b). In contrast to BaYCg0s5, Tco of BaSmFgOs o

steeply decreases t6205 K atP=0.4 GPa[Unfortunately,
those measured at room temperatufthe applied pressure We cannot determin&co aboveP>0.4 GPa because be-
relaxes at a rate of 7%/100 K) Pressure-induced changes comes too high% 10° € cm) to measurg TheseT o values
in the p-T curves were reproducible in the repeated pressur@ré plotted as open squares in Fig. 2 against the applied
Cyc|e5_ pressure.

High-pressure x-ray powder-diffraction measurements
were performed at SPring-8, BL10XU beamline equipped B. Temperature effects on crystal structure
with the DAC in the & range of 5°-30°. Precipitation . L .
method! was adopted to obtain fine and homogeneous pow- Figure 3a) shows temperature variation of the_ lattice con-
ders: the waiting time was 120 miB0 min) for BaYCo,0s stantsa, b andc and unit cel V°'.””.‘ev’ closed_ circlesfor
(BaSmFgO; o). The sample powder was sealed in the DAC BaYCoZC_)S_O in the Pmmmdescrlptlon. The lattice constants
gasket hole, 0.05 mm in thickness and 0.15 mm in diametel’S"® refined by the Rietveld gnalysj]RIETANZOOO (Ref.
filled with an ethanol/methanol mixture as a pressure-13)]_ on the x-ray powdﬁé dlff_ractlon _data obtained at
transmitting medium. The x-ray beam size was 0.10 mm inSPI:'ng'B’ BLOZ&Z beam || equuszed with atl)a:ge DeEye-
diameter. The wavelength of the incident x ray was 0.495 59SC errer camer .As_temperature_ ecreases beldgy, the
A, and the exposure time was 8 min. The Debye-Scherre?rthorhomb'C distortiors (=a—Db) increases. Here, we em-
rings gave homogeneous intensity distributions, which is a

necessary condition for successful Rietveld refinement. The 4 41
. . . I (a) BaYC0,0; R [ (b) BaSmFe,05
magnitude of the applied pressure was monitored by the 2 [ o L[oo00omD
wavelength shift of the luminescence liRg (Ref. 12 from g 3.9[000000000 0 £ af @ iTco
a small piece of ruby placed in the gasket hole. Z ;0000°°°8b Teo g - e g
S 38k % 3.9:— -
IIl. RESULTS AND DISCUSSION g fen 1 £ :°°‘;‘2’
3 L ] 3 r G
A. Pressure effects on the charge-ordering temperature — 37F ] = 38 [OOCCCCTTTo O 120
L oo® {113 r 7
In Fig. 1(a) temperature dependence pfis shown for r ....o..' ]~ J: 1%
BaYCo,05 o under various pressures. TheT curve at am- 3697y < 7-'....@ od =
bient pressureR=0.0 GPa; thick curveshows a steep rise ]~ V. a
ot e ooy i wraee o e, RS
! 9 p ) 9 ing Temperature (K) Temperature (K)

peratureT.o (=234 K) at ambient pressure is close to the
transition temperature<231-233 K) observed in the DSC £, 3. Temperature dependence of lattice constarits andc
measurementTco gradually rises as pressure increasesgng unit cell volume Y, closed circlesof (a) BaYCo,05, and(b)
TheseT g values are plotted as open circles in Fig. 2 againsBasmrgOs,. The data of the latter compound are from Ref. 9.
the applled pressure. The initial pressure derivative of th@ownward arrows show the charge-ordering temperafligg .

charge-ordering temperaturedTco/dP) is +19 K/IGPa. Pmmm(Z=2) description was adopted also bel@w, for conve-
The isostructural BaSmE®s;, also shows the charge- nience.
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0 5 1(9 FIG. 5. Interrelation betweeno and orthorhombic distortioa
Pressure (GPa) Pressure (GPa) (=a—b) for BaYC0o,Os. Filled circles represent BaHo@0s (Ref.
8) and BaTbCgOs (Ref. 8. The curve is a guide for the eye. The
FIG. 4. Pressure dependence of lattice constantsandc and  error bars for the horizontal axis are within the symbol size.
orthorhombic distortion s (=a—b: closed circles of (a)

BaYC0,05 0 and (b) BaSmFeOs o at 300 K. the stability of the CO state in BC0,0s. Here, we note

that a similar scaling relation betwesm@nd T is observed
phasize that the unit cell voluméshows a slight increase at also in B&RFe,Os o.° This common feature suggests that the
Tco, which rules out the simple volume effects as the origincorrelation originates in the chain-type CO along khaxis,
for the pressure enhancementTf, in BaYC0,05,. Note  for which the orthorhombic distortion is indispensaig’
that the magnitude of the increaseMrupon cooling through  Fulfillment of this correlation betwees and To may take
Tco agrees well with that previously reported for priority over the volume change effect, and we see that de-
BaYC0,0s .2 spite a slight volume increase upon the CO transition in

Figure 3b) shows temperature variation afb, ¢, andV ~ BaYCo,05 o, the applied pressure increasks,.

for isostructural BaSmE®s,. Similarly to the case of
BaYCao,0O5, both thes andV values increase as tempera-
ture decreases beloW.o. ForV the increase is as large as ) ) ) )
0.7% upon cooling throughlco. This fact dictates that Finally, let us investigate deformation of theéOs square-
physical pressure will suppre3g.o of BaSmFgOs , by de- pyramidal shape under physical pressure. Figure 6 shows

creasing the stability of the low-temperature phase that haRressure effects on the atomic coordinateg@pBaYCo,0s o
larger volume. and (b) BaSmFgO; o at 300 K. For the Rietveld structural

refinement, the oxygerz coordinates at the 2 and 2
Wyckoff sites Pmmn) were assumed to be the san®)(
C. Pressure effects on structure and the overall isotropic atomic displacement parameter

Figure 4a) shows pressure effects on the lattice constant® Was adopted. In BaYG@s,, the reliability factor
a, b andc determined from Rietveld refinements and on theRi (=2 k|1« caic= kl/Z !k cad Was small enoughl.80% to
orthorhombic distortiors (=a—b) for BaYCo,05, at 300  2.51%. R, of BaSmFegOs o, however, is rather largd..76%

K. In line with the pseudotetragonah&b=c/2) structure, 0 4.72% due to the slight broadening of the diffraction
the pressure effect is found to be anisotropic. The pressurofiles, especially in the high-pressure region. Except for
coefficient of ¢ [=—1/c(dc/dP)=0.31%/GPa) is larger

than those of the other two lattice constar@$0.21%/GPa (2) BaYCo,0;
and b (0.20%/GPa We point out that thes value slightly 0.32
increases with pressure. Figuréyshows pressure effects

on a, b, ¢, ands for BaSmFgOs 5 at 300 K. The data of %
BaSmFgOs o above P>5 GPa were analyzed with the te-
tragonal model4=b). The magnitude of for BaSmFgOs
steeply decreases with pressure and disappears aBove
=4 GPa, making sharp contrast with the behavior seen for I
BaYC0,Os .

Here, we point out that the pressure effectsororrelates 0-265"./2.1\4/”
with that onTcq (compare Fig. 2 and Fig.)4We plotted in AR, NN I
Fig. 5 T¢co (open circleg of the compressed BaYGOs g 0 3 10 0 3 10
againsts. The filled circles represent the data for isostructural Pressure (GP2) Pressure (GPa)
phases BaHoG®s and BaThCgOs.® By using the quantity FIG. 6. Pressure dependence of atomic coordinate(apf
s as a scaling parameter, both the physical and the chemicglyCo,0;, and (b) BaSmFeOs, at 300 K. The origin of thez
pressure data are found to form a single unified curve. Thigoordinate is at the level of apical oxygens, as shown in the inset.
suggests that the orthorhombic distort®is significance for  Solid curves are guides to the eye.
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the lower-pressure region of BaY&0s 5, physical pressure suppression off o in the isostructural BaSmE®g 4. This
decreases the coordinate of the base oxygen atom of theunexpected behavior of BaYG0s g, is ascribed to the pres-
square pyramidzy; see Fig. €3], and hence compresses sure enhancement of the orthorhombic distorsoe have

the pyramid along the axis. The analogous compression is further found thatT g scales tos under both physical and
much enhanced for BaSmj&®; . This is because the SmO chemical pressures. Thus, high-pressure structural approach
bond distanceds,o=2.45 A at 0.9 GPpof BaSmFgOs,is  was demonstrated to be a powerful tool to understand the
already comparable with the sum of the ionic radii charge-ordering phenomena in transition metal oxides.
[=2.46 A (Ref. 18] of 0>~ and Sni", and hence the re-

duction ofc pushes down the oxygen coordinate toward the ACKNOWLEDGMENTS
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