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Effects of phase separation on the magnetization, x-ray diffraction, and Raman scattering
of (La;_yNd,);_,Ca,MnO; (y=0,0.5,1.0x=3
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Dc-magnetization, x-ray  diffraction, and Raman-scattering studies in  polycrystalline
(Lag-yNd,);,CaMnO; (y=0.0,0.5,1.0, anck=1/3) samples are presented. The samples witi0.5 and
1.0 show complex magnetic states at low temperatures, with a ferromagnetic coupling strength that weakens
with increasingy. X-ray measurements show a single crystallographic phase at all temperatuyes (d,
with lattice parameter anomalies at temperatures related to electronic and magnetic transitions. The presence of
high-frequency vibrational modes in Raman-scattering measurements indicates the existence of charge- and
orbital-ordered domains foy=0.5 and 1.0, which are closely related to the antiferromagnetic component
identified by the magnetization experiments. The close relationship between results obtained by magnetic,
structural, and optical probes is discussed.
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[. INTRODUCTION tailed studies in reducet@l; doped manganese perovskites.
The (La _yNd,); ,CaMnO; series forx~1/3 has been
In the last few years many studies on doped manganeskoroughly studied;’® and may be classified as a typical
perovskites R;_y y) AZ*MnOSM (R,R'=La, rare FM-coupling-controlled system of manganese perovskites.

earths; A=Ca,Sr,Ba have revealed a rich variety of new Systematic studies indicate that this system shows clear
phys|ca| phenomena among them, a colossal magnetores@anlfestaﬂon of PS in magnetlzatlon measurementsyfor
tance for some compositions. One of the key properties of 0-4°  Also,  neutron-diffraction  patterns  of
these systems is the tendency of the carriers to form chargé@usNdysCaMnO; (y=0.5) show a OO superstructure
and orbital-ordered My stateSCO and OO, respectively P2k that strengths considerably beldgo—210 K™ An

This was invoked to understand the rather complex spif*FM extra peak was detected beldy~170 K and FM
alignment observed in LCa ,MnO; (Refs. 1 and Rand contributions to the nuclear Bragg peaks were observed be-

14
other half-doped manganites. Actually, high-resolution elecloW TCt nztovenlﬁ thghsge :‘;Uct)fs(gj ?:)f:r?ﬁélor;larr?s;:::‘ezrsv sl!]Sroe-
tron microscopy experiments detected anor c-axis dou- consiste prop g

; . duced FM coupling. In this work, we present magnetization,
bImg (P_nmasettmg_due to the OO of thel\/ﬁfeg states_°’, x-ray diffraction, and Raman-scattering studies in
confirming the existence of loWw- CO and OO in

La;_,Nd,),sCa,;sMnO5 at three distinct regimes: stron
Lay;,Ca,,MnO;. The lowT Mn spin alignment in CO states Eyzlo.yO),yg?ér:ig/?é }(:8-5), and weak 3(:1_8) EM cou- g

is usually AFM, and compete with the double exchaf@@E)  jing with respect to the competing AFM interactions. By
ferromagnetic (FM) coupling. Such competition between meang of such a combination of experimental techniques and
AFM CO and FM charge delocalizeD) states is likely  .omnositions, deeper insight into the magnetic, structural,
responsible for the FM-antlferromagneﬁAFM) ransition 54 electronic properties of this complex family of com-
atTem.apm~ 170 K found in La,,Cay,MnO5.% It was shown pounds is obtained.

that manganese perovskites with reduced FM coupling, ob-
tained by decreasing the rare-earth-site mean radius with
fixed doping rate;® present phase separatit®S, on a sub-
micrometric scale, between CO and CD domains Tor Polycrystalline ceramic samples were prepared by con-
<200 K." Electronic PS on such a large length scale andsentional solid-state reaction methods, sucessively heating
temperature interval is an astonishing and unusual effect istoichiometric mixtures of L#;, Nd,O;, CaCQ, and
solid state physic&Due to the crystal atomic periodicity, PS MnO, at 1200, 1350, and 1400 °C for 36 h with intermediate
between two competing physical states, each one with a difgrindings. The powders were then pelletized and sintered at
ferent lattice configuration, must be accompanied by inter41200°C for 12 h. The structure and phase purity were
face strains; therefore, the PS state may be more energetihecked by x-ray powder diffraction. Well resolved x-ray
than the pure states and might be not stable. The mechanisipatterns were taken with Ckie radiation (1.5415 A of a

that stabilize the PS state in the redudgdmanganites at Rigaku conventional source and a high-resolution diffracto-
low T are not fully understood. Particularly, it is not deter- meter with a lowT attachment. Lattice parameters were ob-
mined yet whether the submicrometric scale PS is favored byained using a Rietveld refinement program.dc-
doping fluctuations throughout the sample in the same lengtmagnetization measurements were done in a Quantum
scale or, alternatively, if this is an intrinsic phenomenon,Design Superconducting quantum interference device
driven by instabilities of both CO and CD single-phase con{SQUID) magnetometer, ankll vs T curves were taken with
figurations. These issues remain to be clarified by more dea temperature variation rate of 0.5 K/min. In this work

II. EXPERIMENTAL DETAILS
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FIG. 1. M vs T curves for (La_,Nd,),3CaysMnO; polycrys-

talline samples withy=0.0 (a), y=0.5 (b), andy=1.0 (c), taken Ha (T)
upon warming and cooling, foH,,,=1 T (closed symbolsand PP
Happ=5 T (open symbols FIG. 2. M vs H hysteresis loops for (LaNdy c),/sCaysMnO;,

taken at(a) T=2 K after zero field coolingZFC), (b) T=100 K
was defined at the inflection points of the correspondingafter zero field coolinga 2 K and posterior zero field warming
magnetization curves. Raman-scattering measurements we@&-CW), and(c) T=100 K after ZFC. The open symbols indicate
performed in a pseudobackscattering geometry using a Jobthe first part of the loops, taken between 0 and 5 T, while the filled
Yvon T64000 triple spectrometer equipped with a chargesymbols accounts for the closed hysteresis circle; 515 T—5T.
coupled devicd CCD) camera. The samples were mounted
on the cold finger end of a closed-cycle He refrigerator, androader than that of=0.0[see Fig. 2b)]. Besides, a large
were excited with the 514.5 nm line of an argon ion laserthermal hysteresis is observed, Wifﬂ’:"arm~ 120 K and
focused in a diameter of 50 um with incident laser power TE°°'~80 K. However, forHapp=5 T, the shape of the
of less than 3 mWT-dependent Raman measurements werenagnetization curves near the FM transition are similar to
performed upon heating the samples. those of they=0.0 sample, with no thermal hysteresis, but
with T-=180 K. We attribute the low- magnetization tail,
above the FM saturation moment of Mn spins ye+ 0.5 and
Happ="5 T, to an extra magnetization due to the®Ndons.

The  LayCaMn0O;,  LayNdysCaqsMnO3,  and  Fory=1.0 and forH,,,=1 T and 5 T, no thermal hysteresis
Nd,sCa,sMnO; samples will be termeg=0.0,y=0.5, and is observed and the loW-magnetization is reduced.
y=1.0 samples, respectively. Figuresa)l 1(b) and Xc) Figure 2a) shows theM vs H,,, loop for they=0.5
show, respectively, the T dependence of the sample, taken af=2 K after zero field coolingZFC). In
dc-magnetization for they=0.0, y=0.5, and y=1.0 the first part of the loogopen symbols an increase of the
samples taken witH,,,=1 T and 5 T upon cooling and saturation moment from-80 emu/g to~100 emu/g is ob-
warming after field cooling. The saturation moment, ex-served forH,,,=2.5 T. After this, the sample behaves as a
pected for perfect FM alignment of Mn spins, is indicated byconventional FM materia{closed symbolswith saturation
the dashed lines. Foy=0.0, a sharp FM transition is ob- moment of~100 emu/g. Figure ®) shows theM vs H,,
served atT¢=265 K for Hy,p,=1 T. ForH,,,=5 T, the loop for the same sample, &t= 100 K. The sample was ZFC
transition temperature is shifted =285 K. Within our to 2 K and then warmed up under zero field e 100 K
experimental resolutiof~1 K), no thermal hysteresis is ob- (ZFCW). An increase of the FM moment, fét,,,=1.5 T,
served for these samples. In contrast, yer0.5 andH,,, is also observed. As the field decreasesffi® T to 0 T, the
=1 T, the upturn of the FM component is significantly sample behaves as a conventional ferromagnet. However, as

Ill. EXPERIMENTAL RESULTS

064404-2



EFFECTS OF PHASE SEPARATION ON TH. .. PHYSICAL REVIEW B 63 064404

1 [ (La, Nd),.Ca MnO
[ + (La,Nd,),.Ca MnO, | 1 Ly "y23771/3 3
10 | 3 A LamCamMn03 4 - T T T T ™ T
] ] 5471 y=0.0 ' 12315
= 2 ]
g 8r 1 !
2 | . 4231.0
g L 5.46 .
8 6 o [ -1 c |
=) Y . . . . . 1 42305
g . 580 585 590 595 600 605 6lo | 5454 o : ge
‘2 v 42300
5 (La,Nd, ),,Ca, ,MnO, v’??
s 2 i T=15K 4 5.44 4 > o 205
N . . ! b .
[ i & Ai AR " i i‘ PO k ~ b ,5;—‘" V [} (a)
oF lj R O T I e e ™ °$ 5434 -:v::',:" : 12200
i r T Y o — :TC <
i) EPEPENP BN EPIVENPE al oo L PP PP Lo — T ' ' ' ' T T S
20 30 40 50 60 70 80 90 100 Ig R AR R ! 2290 >J;
= y= 05! ! ~
2 0 (degrees) = ) |
& 5444 l 4228.5
|

|
! |
! '
|
FIG. 3. Observedsymbolg and calculatedline) x-ray powder a ' | ] :
diffractograms af = 15 K for the (L& gNdy 5) 25Ca,sMnO3 sample. 543 ] i 12280
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an external field is applied in the opposite direction, a clear 'if:;:’Y L (b) {2265
reduction of the FM saturation moment is again observed ai g iT oo :TCWam- T :TCO

i i i i I 5-40 T . L} + L} } T + L} T 226.0
low fields. FmaI_Iy, the FM moment is increased again for 5 AR PO RS M A3
|Happ|21.5 T. Figure 2c) shows theM vs H,,, loop for the
same sample and temperature of the Fig),2but with dif- T (K)

ferent thermal history. In this case, the sample was zero field
cooled toT=100 K. The first part of the loogopen sym-
bols) shows that the magnetization begins to saturate 30
emu/g, but the application of a field,,,=0.5 T increases
the saturation moment. After the application of a field of 5 T,
theM vsH,, loop atT=100 K is exactly the same as those
taken under ZFCW conditionfsee Fig. 2b)]. For they  as the CO and AFM onset temperatures yor 0.5, taken
=0.0 sample, a typical FM loop is observed fér=2 K, f.rom neutron—d|ﬁract|qn studie¥, are mdmaped py dashed
with no field hysteresignot shown. The M vs H,, curve lines. Fory=0.0, a umt-gell volume contraction is obs_erved
for y=1.0 at low T is similar to that shown in Ref. 16, Dbelow Tc=265 K [see Fig. 4a)], consistent with previous
presenting a weak FM contributidmot shown. neutron—dlffractlpn studlgs in this ma.teri'ﬁl.Companson of
Figure 3 shows the x-ray powder diffractogramiTat15 ~ Our results in Fig. @) with neutron-diffraction data on the
K for the (La<Ndy <) 2:CayMnO; sample, compared to a Same materiaf a{lq synchrotron X-ray d|ﬁracF|on o!ata for
model profile generated after a Rietveld refinement perl-807sCa29MIn0;," indicates that tube x-ray diffraction has
formed under the assumption of a single crystallographi@nough regolutlon to study lattice parameter anomalies of the
phase withPnmaspace group. The inset of Fig. 3 shows anearly-cubic orthorhombic manganites. Rox 0.5, one ob-
selected region (58220<61°) of the x-ray powder diffrac- Serves the following featuresi) a change of thea andc
tograms of  the (LasNdo 2) 25Ca,MN0O; and lattice parameters behav_lor beldw=200 K, (ii) a changelff
Lag <Ca sMNO; compounds aff=15 K. The latter com- behavior of theb andc lattice parameters beloWw~ 160 K;
pound presents a “pure'j(: 0.5 type CcO and OO state at and (|||) a small volume contraction (005%) beldv@/arm
low T,%!8 and also shows a large orthorhombic distortion of~120 K (warming and TE°°'~80 K (cooling [see Fig.
the lattice parametersee inset of Fig. 8* Within our ex-  4(b)]. Notice that the feature§) and (ii) are not accompa-
perimental resolution, no evidence for the existence of othefied by unit-cell volume anomaligsee Fig. 4b)].

FIG. 4. T dependence of tha, b, andc lattice parameters and
unit-cell volume for La,;;Ca,;sMnO; (a) and La,sNd;;sCasMNOg
(b), taken upon warmingclosed symbolsand cooling(open sym-
bols).

crystallographic phases in the @Ndgsg),5CasMNO; The T evolution of the Raman spectra for tlge=0.0, y
sample(see Fig. 3 as well as in they=0.0 andy=1.0 =0.5, andy=1.0 samples are shown in Figgah 5(b) and
samplegnot shown, was found at any temperature. 5(c), respectively. Foy=0.0 andT=10 K [see Fig. %a)],

Figures 4a) and 4b) show theT evolution of thePnma  phonon peaks are observed at 67, 77, 13900, 238,
orthorhombic lattice parameters and unit-cell volume for the~270, 415, and 438 cit, as well as a weak and broad
y=0.0 andy=0.5 samples, respectively, taken upon coolingstructure centered at680 cni L. This spectrum agrees with
(open symbolsand warming(closed symbols The FM on-  those previously reported for this compoufid?and is also
set temperature for both samples, taken from Fig. 1, as we#limilar to the Raman spectrum of other FM orthorhombic
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and rhombohedral manganese perovsKitess the tempera- [see Fig. 1b)]. From Fig 2a), at T=2 K, the AFM domains
ture increases, a diffusive scattering is observed and becomase estimated to correspond+620% of the sample volume
dominant near and abovie-= 265 K. This diffusive contri- before the application of an external field. After the applica-
bution was observed in other doped manganites in the PNon and release of a magnetic field of 5 T, the sample be-
phase, and has been associated with carrier hoppingpmes entirely FM, indicating that the AFM domains are
processe$??® In addition, two broad modes at480 and metastable aT=2 K. Differently, at T=100 K, the AFM
~610 cm'! are detected foT =T [see Fig. 5a)], with an  domains that areneltedfor Happ>1.5 T[see Fig. 20)], are
apparently lower relative intensity than those observed in thagain present after the release of the magnetic field, indicat-
PM phase of Lg/Ca,sMnO; thin films?! For y=0.5[see ing that the PS state is indeed the most stable configuration at
Fig. 5(b)] andT=10 K, phonon peaks at 85, 145, 255, andthis temperature and zero field.
~290 cm !, and weak contributions from the-480 and It is intriguing that thermal hysteresis is not observed in
~610 cm ! Raman modes, are seen. T 100 K, the peaks the magnetization curves of our pgCa;MnO; sample at
at ~480 and~610 cm ! experience a sensible intensity any applied fieldsee Fig. {c)], despite the fact that PS may
increase, and a small diffusive contribution is obseri@k  also be present in this sample, as suggested by the magnitude
Fig. 5(b)]. As the temperature further increases, the intensityf the low-T magnetization. The slow increase in the mag-
of the high-frequency modes are reduced, and the diffusivaetization of this sample, as the temperature decreases, may
contribution is enhanced. Fyr=1.0 [see Fig. &c)] and T  be described as a very smooth second-order-like transition
=10 K, Raman peaks are observed at 90, 150, 220, 270, 30between the AFM and FM states, which is not fully accom-
480, and 610 cm!. The splitting of the rotational modes plished for any applied field in the studied range, even at low
observed between 200 and 300 chis probably caused by T.
the large orthorhombic distortion found in this compodhd. A point that often arises in the study of doped manganites
The Raman spectrum of this sample remain nearly unis the role of compositional inhomogeneities on the physical
changed as the temperature increases up to 100 KTFor properties of these materidis?’ The rather broad FM tran-
>100 K, the diffusive contribution is enhanced, and the in-sition in the low-field H,,,=1 T) magnetization curve for
tensity of the high-frequency peaks is reduced. they=0.5 compoundsee Fig. 1b)] was originally ascribed
to a T distribution throughout the sample caused by fluc-
tuations of the La/Nd ratid? Nevertheless, foHp,=5 T,
the shape of the magnetization curves for0.0 andy

Our results will be discussed in the light of PS scenario= 0.5 are similar. Notice that, for=0.5, the FM transition is
for manganites with weak FM couplifgThe large thermal broader forH,pp=1 T than forH,,,=5 T (see Fig. 1
hysteresis observed in the magnetization curve of ythe Therefore, compositional fluctuations cannot alone account
=0.5 sample foH,,,=1 T [see Fig. )] actually suggests for the broadness of the low-field FM transition of tige
the coexistance of two phases. This was already observed i1 0.5 sample, and the FM and AFM domain structure may
other reducedrc manganites. For they=0.5 sample and be responsible for it. Foy=0.5 andH,,,=5 T, the AFM
Happ=5 T, the AFM domains arenelted(see Fig. 2 and  domainsmeltinto FM regions, and the shape of the magne-
the thermal hysteresis in the magnetization curve disappeatization curve near the transition is similar to that of the

IV. DISCUSSION
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=0.0 sample[see Figs. (@) and 1b)]. The similarity be- crease. This result is possibly related with the decrease of the
tween both curves & ,,,=5 T suggests that the=0.0 and ~ FM component for this sample at~100 K [see Fig. 1)].
y=0.5 samples have equivalent distribution of cationic inho-Finally, the weakening of the HFP foaF=150 K for this
mogeneities. samplg/see Fig. B)] may be associated to the graduoalt-

It is interesting to mention that, although magnetizationing of CO and OO regions induced by thermal disorder. For
measurements indicate the presence-@0% of AFM do- the y=1.0 sample[see Fig. &)], the temperature depen-
mains in they=0.5 sample at lowT, x-ray powder diffrac- dence of the HFP intensities at>100 K are similar to that
tion profiles show, within our experimental resolution, aof they=0.5 sample. Differently, af <100 K, the HFP are
single crystallographic phase for all studied samfse® Fig. much more intense foy=1.0 than fory=0.5[see Figs. fb)

3). Notice that thex=1/2-type AFM phasétends to show a and 5c)], showing that the CO and OO domains are domi-
large orthorhombic separation of the lattice constdeee  nant in that sample even at loW Again, this is consistent
inset of Fig. 3, and Refs. 4 and J181ence, the presence of with the magnetization measurements, that shows that the
~20% of this phase foy=0.5 should be observable in our low-T FM moment is small fory=1.0 [see Fig. 1c)]. For

low T x-ray powder diffractograms. Notice that tlilevaria- y=0.0[see Fig. )], contributions from the HFP are clearly
tion of the *single-phase” lattice parameters fgr=0.5 identified only at temperatures near and abdye= 265 K,
show anomalies that seem to be correlated to the CO, AFMndicating a very small, if any, contribution from CO and OO
and FM transitiondsee Fig. 4b)], which are supposed to domains atT<200 K for this sample. Finally, we should
take place at different regions of the sample. We believe thamnention that all the samples show broad contribution from
interface strains between the FM and AFM domains in thighe HFP atT=300 K. This is likely related to short-range
compound may decrease the orthorhombic distortion of theharge and orbital correlations, recently observed in the PM
AFM (minority) phase, leading to the observation of only phase of optimally doped manganifés*

one crystallographic phase for tige=0.5 sample, within our

experimental resolution. V. CONCLUSIONS

Additional informations about the structure of the studied o . .
samples are obtained from our Raman-scattering measur _alrrr11aﬁusn;;?fg%ﬁgdc-nggjgnig?w?s’ X'Vrvged'fggfft(')?&egndm
mentssee Figs. &)—5(c)]. The high-frequency peaksiFP } X
at ~2€[30 andg~6?1) c5r(n‘} are chgaracteqristic >(;fpmangan)ites (Lal,y.Ndy)2,3Cal,3MnO3 (y=0.0,0.5,1.0) polyqrystallme
showingx=0.0 andx=0.5 types of Mne, orbital-ordered ceramic samples. Our results allow us to associate the pres-

structure€® These features were also observed in doped"c® of ?tha_rge- _zt;lr?(ilhorbitzti_lf-ordered dimdmbed b% Rfat-h
samples in the PM phag&?>%and, more recently, in the Man Sca eringwith the antiferromagnetic component of the

i tem, determined by dc-magnetization measurements.
charge-ordered RgCa 3MnO; compound® Therefore, Spin system, ¢
the observation of the HFP in the Raman spectra of mang Thus, this indicates that both phenomena are closely related.

nites may be the signature for local and/or cooperative dis- “ray measurements for the: 0.5 sample show, W'th.m our
torions of the MnQ, octahedra. For the experimental resolution, a single structural phase, with lattice

o parameter anomalies that may be associated with the various
g%igri’/’:gy;%ffi%:"x?Sgeségplé;{ Iitr%i cgt.es,t::ee pV::: é( nl(-:|eFFc)>f electronic and magnetic transitions observed in this material.
a small fraction of CO and OO domains. These domains are
possibly responsible for the low-AFM component detected
by our magnetization measurements. Bt 100 K, the in- This work was supported by FAPESP Grants No. 95/

tensity of the HFP is substantially enhandsée Fig. ®)],  4721-4, 96/4625-8, 97/03065-1, and 97/11563-t Baulo-
suggesting that the fraction of the CO and OO domains inSP-Brazil.

ACKNOWLEDGMENTS

*Present address: NIST Center for Neutron Research, National In- and references therein.
stitute of Standards and Technology, Gaithersburg, MD 20899°W. Archibald, J.-S. Zhou, and J.B. Goodenough, Phys. R&3,B
and Center for Superconductivity Research, Department of Phys- 14 445(1996.

ics, University of Maryland, College Park, MD 20742. 103.-S. Zhou, W. Archibald, and J.B. Goodenough, Natuondon
1E.0. Wollan and W.C. Koehler, Phys. Re\00, 545 (1955. 381, 770(1996.
2J.B. Goodenough, Phys. Rel00, 564 (1955. 1G.H. Rao, J.R. Sun, J.K. Liang, W.Y. Zhou, and X.R. Cheng,
3C.H. Chen and S-W. Cheong, Phys. Rev. L&6, 4042(1996. Appl. Phys. Lett.69, 424(1996.
4P.G. Radaelli, D.E. Cox, M. Marezio, S-W. Cheong, P.E.'?G.H.Rao, J.R. Sun, J.K. Liang, and W.Y. Zhou, Phys. Re§5B
Schiffer, and A.P. Ramirez, Phys. Rev. Léth, 4488(1995. 3742(1997.
SH.Y. Hwang, S-W. Cheong, P.G. Radaelli, M. Marezio, and B.13J.-S. Zhou and J.B. Goodenough, Phys. Rev. Le&®. 2665
Batlogg, Phys. Rev. Let5, 914(1995. (1998.
6J.M.D. Coey, M. Viret, L. Ranno, and K. Ounadjela, Phys. Rev.*M.R. Ibarra, G.-m. Zhao, J.M. De Teresa, B. Gartanda, Z.
Lett. 75, 3910(1995. Arnold, C. Marquina, P.A. Algarabel, H. Keller, and C. Ritter,
M. Uehara, S. Mori, C.H. Chen, and S.-W. Cheong, Nafuon- Phys. Rev. B57, 7446(1998.
don) 399 560(1999. 157, Baszynski, J. Kovac, A. Kowalczyk, J. Magn. Magn. Mater.
8A. Moreo, S. Yunoke, and E. Dagotto, Scierz&3 2034(1999, 195, 93(1999.

064404-5



E. GRANADO et al. PHYSICAL REVIEW B 63 064404

16y Moritomo, Phys. Rev. B50, 10 374(1999. (1998.
"R.A. Young, A. Sakthivel, T.S. Moss, and C.O. Paiva-Santos, J?°H.L. Liu, S. Yoon, S.L. Cooper, S-W. Cheong, P.D. Han, and
Appl. Crystallogr.28, 366 (1995. D.A. Payne, Phys. Rev. B8, R10 115(1998.
18p G. Radaelli, D.E. Cox, M. Marezio, and S-W. Cheong, Phys2®K. Liu, X.W. Wu, K.H. Ahn, T. Sulchek, C.L. Chien, and J.Q.
Rev. B55, 3015(1997. Xiao, Phys. Rev. B4, 3007(1996.
19Q. Huang, A. Santoro, J.W. Lynn, R.W. Erwin, J.A. Borches, J.L.?E. Granado, P.G. Pagliuso, J.A. Sanjurjo, C. Rettori, S.B. Oseroff,
Peng, K. Ghosh, and R.L. Greene, Phys. Revc® 2684 M.T. Causa, A. Butera, A. Caneiro, M. Tovar, J.J. Neumeier,
(1998. K.J. McClellan, S-W. Cheong, Y. Tokura, R. Sanchez, J. Rivas,
203.C. Irwin, J. Chrzanowski, J.P. Franck, Phys. Re\5® 9362 and S. SchultZNon-Crystalline and Nanoscale Materiaksdited
(1999. by J. Rivas and M.A. [pez-Quintela(World Scientific, Sin-
2IM.V. Abrashev, V.G. Ivanov, M.N. lliev, R.A. Chakalov, R.I. gapore, 1998 pp. 105-115.
Chakalova, and C. Thomsen, Phys. Status Solid215, 631 28E. Granado, J.A. Sanjurjo, C. Rettori, F. Prado, R.tn®ez, A.
(1999. Caneiro, and S.B. Oseroff, Phys. Status Solidi2B0, 609
22E, Liarokapis, Th. Leventouri, D. Lampakis, D. Palles, J.J. Neu-  (2000.
meier, and D.H. Goodwin, Phys. Rev.@®, 12 758(1999. 29y, Dediu, C. Ferdeghini, F.C. Matacotta, P. Nozar, and G. Ruani,
23E. Granado, N.O. Moreno, A. GaelJ.A. Sanjurjo, C. Rettori, . Phys. Rev. Lett84, 4489 (2000.
Torriani, S.B. Oseroff, J.J. Neumeier, K.J. McClellan, S.-wW. 3°C.P. Adams, J.W. Lynn, Y.M. Mukovskii, A.A. Arsenov, and
Cheong, and Y. Tokura, Phys. Rev.3B, 11 435(1998. D.A. Shulyatev, Phys. Rev. Let85, 3954(2000.
243, Yoon, H.L. Liu, G. Schollerer, S.L. Cooper, P.D. Han, D.A. *'P. Dai, J.A. Fernandez-Baca, N. Wakabayashi, E.W. Plummer, Y.
Payne, S.-W. Cheong, and Z. Fisk, Phys. Rev5®& 2795 Tomioka, and Y. Tokura, Phys. Rev. Le85, 2553(2000.

064404-6



