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The stability of charge ordered phases of bismuth basgdCBisMnO; and B}, sSr, gMnO5 oxides is
investigated by magnetization measurements in magnetic fields up to 130 T. Marked differences exist when
comparing the critical fieldg.oH found to induce a ferromagnetic state iy B¥l5 sMnO; (M=Ca, Sy and
Lng sCa& sMnO;3 (Ln-rare-earth manganites. Bi oxides do not match the gengrgiH -6 or uoHc-Tco mo-
notonous tendencies showed by the half-doped manganites having rare earths. From this comparison, we
suggest the possibility that, at least in the case gf;BhsMnO;, the high-field ferromagnetic phase below
130 T could be insulating in nature.
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I. INTRODUCTION (ZPO). Along this paper, we will use CO in the sense of
ZPO. In addition, the correlation between the one electron
Rare-earth-based manganites {LgM,MnO,, Ln= rare  bandwidthW and the transition temperatufe.o appears
earth, M= alkaline earth have been the subject of large now well established. Both are sterically controlled{loy),
interest during the last years. Their colossal magnetothe mean size of thA cations(Ln and M). Large values of
resistance (CMR) and charge ordeiCO) phenomena® dis- (ra), enlarged values oW, favor the mobility ofe, elec-
played by many of these compounds have focused the attetrons, thus, reducind g .
tion of numerous research works. CMR has been understood After the electronic localization, the particular ordering of
to come from the correlation between the alignment of MnZP in the CO(or ZPO phase gives rise at low temperatures
magnetic moments and the mobility of teg electrons. Al-  to an antiferromagneti¢AFM) coupling between zig-zag
though recent studies evidence that there are also other inshains of FM coupled Zener unitsThis leads to the appear-
portant ingredients such as phase separation, percolatioance of the AFM-CE structure characteristic of CO mangan-
etc., it is now well established that in the rang®.25<x ites. The evolution of the N temperature ), where this
=0.5 the ferromagnetic state in these compounds is metallienagnetic ordering appears displays small and wandering
Besides, CO is usually understood in a purely ionic picturevariations when changing the rare earth. Due to the disper-
it is viewed as a spatially ordered distribution of sion in the determination ofy and the small variations dis-
Mn®*/Mn*" ions in the lattice This order is accompanied played when changing the rare earth, a clear dependence of
by orbital order (OO): an ordered occupation of the Ty on(ra), and/or onT¢g cannot be easily drawn. For in-
€y (dgr2_ 2 or dy2_,2) orbitals. It is generally accepted that stance, Ty=158 K, 155 K, 165 K, and 150 K for
the driving forces of the CO/OO phases formation are theNd, sStoMnO; ({ra)=1.185 A)/ LayCa MnO; ({ra)
minimization of both the Coulomb repulsigwhen CO ap- =1.140 A)? Ndy«CaMnO; ((ra)=1.115A)% and
pear$ and the strain energy, related with the strong JahnTh, £Ca, MnO; ({r,)=1.080 A)? respectively.
Teller deformations around M1 ions. These terms compete ~ The observation that AFM, charge, and orbital ordered
with the kinetic-energy term og, electrons that favors the states can be disrupted by the application of external mag-
ferromagnetic-metallic phase. Beyond this simple ionic pic-netic fields has stimulated intense work aimed at examining
ture, a more realistic scenario for the CO state in manganitethe coupled structural, magnetic, and electronic transitions
emerges from recent studi&=® which have reported the for- induced under field and its relation with the structural details
mation of ordered Zener polaroigP): eache, electron be- in each of these compound&* In the magnetic-field-
comes trapped in a Mn-O-Mn tricwith quite opened Mn- melting mechanism the induced polarization of the electronic
O-Mn bond anglginstead of in a single Mn ioh.The two  spins competes with the trapping of the charges and favors
Mn ions involved in the trio conserve an intermediate va-their delocalization. Thus, the FM state induced by the mag-
lence state and are ferromagnetically coupled by the doubleetic field is strongly favored by the energy gain due to its
exchange interaction induced by the shaeg@lectron‘f’ Ac- metallicity. This is reflected in the fact that the strength of the
cording to this new scenario, the CO phase of manganiteeld needed to break the AFM order is relatedTig, (and
must be understood as an ordered phase of Zener polarotisus to(r,)):***very different fields are needed to break
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AFM couplings of similar strengtkwithout important varia- investigated by compensated pickup coils in pulsed fields up
tions of Ty for the different compounds to 150 T generated by the semidestructive single-turn coil

Bismuth-based manganites (BiM,MnO; M=Ca, S)  technique. The advantage of this method, as compared to the
have been recently found to display quite differentfully destructive flux-compression technique, is having both
behavior>*8In fact, they do not follow the dependency of up and down sweep of the magnetic field applicable for the
Tco on(ra) described abov& The properties of bismuth experiment as well as the survival of the sample and the
oxides can depend on the behavior of the highly polarizablequipment inside the field-generating coil. The magnetic
6s” lone pair of BF*. Bi®* ions have been found to push field is produced by a very fast discharge of a capacitor bank
Tco up 10 525 K in BpsSiosMnOs, while BipsCasMNOs  into a single-turn coil having a usable inner diameter and
displays Tco~325 K. The extraordinary enhancement of yigth of 15 mm. This coil size is preferred for magnetization
Tco in the former has been attributed to an orientation of theaasurements since it offers a good compromise between
6s” lone pair toward a surrounding amorﬁQ which can  high peak field and sufficiently good field homogeneity
produce a local distortion or even a hybridization betweeny o ng the coil center. Even higher fields in excess of 200 T
6s-Bi orbitals and -0 orbitals. " This hybridization would ¢4 pe produced within smaller single-turn coils. Details can
produce a local distortion and reduce the mobility &f  pe found in Ref. 24. Specially designed He-flow cryostats
electrons, thus favoring charge order. In fact, resistivity meamade of nonconducting materials in the vicinity of
surements have revealed that BiSL,MnO; (x=0.0, 0.1,  the single-turn coil are capable of cooling samples down to
0.2, 0.3, 0.5, and 0.67compounds present a very large re-g g
sistivity and " insulating behavior at least up to room  The magnetization was measured by the voltage induced
te.mperaturé. It is also worth mentioning that compounds a well-compensated pickup coil system. We used compen-
with a small doping x=0.0, 0.1, 0.2 show a FM ground  gation coils consisting of two partial coils in parallel configu-
state. Another example where the®6lone pair is weakly ration, each having 2030 turns. They were produced by
screened is BiMn@“““In this compound, there are indica- ajternatively winding 7Qum Cu wire in opposite directions
tions suggesting that the Iocallzzed Iong pair haS SOM&round two parallel cylinders having an identical diameter of
contribution from the O P states:” Very different is the 1 40 mm. This allows obtaining full area compensation ratios
case of BjsCasMnO; (Tco=325K). The apparent petter than 10° for empty coils in a homogeneous field.
size of BP* ions is smaller (Bi*=1.16 A) than in the This compensation ratio, however, may change in single-turn
Sr case (Bi*=1.24 A)*° This is an indication of the €  ¢oil experiments so that the uncompensated background sig-
lone pair of Bi to be strongly screen®d® in  nal, which is typically proportional to the field derivative
Big.sCa sMnOs. dH/dt, may have a time dependence different frdid/dt.

In order to gain insight into the mechanisms thatConsidering the transient and frequency response of the mea-
drive these differences betweef) bismuth-based and syring system, the time delay in the magnetization signal was
rare-earth-based manganites, afit) between different not larger than 10 ns. Together with the uncertainty of the
bismuth compounds, we have performed a magnetizatiofield measurement, the maximum uncertainty for all mag-
study on B St gMnO; and BpsCa gMnO; in very high  netic field values was less than 2 T. In particular, for the field
field. values of any two corresponding events in up and down

sweep, the field readings have thus a maximum uncertainty
Il. EXPERIMENTAL DETAILS of 2x2 T.
_ _ In order to suppress trigger noise and other unwanted in-

Polycrystalline samples of BiMosMnO; (M=Ca, S)  terference to the measurement system, the whole system
have been_prepared by standard solid-state reaction as h@l%luding pickup coils, cables, and digitizeis enclosed in
been previously reportéd. Neutron powder diffraction  a electromagnetic screen, which is necessarily implemented
(NPD) patterns were collected at IL(Grenoble, Frangein 55 3 wire metal in the vicinity of the single-turn coil. A

the temperature interval 1x5T<700 K. Several diffracto- jetajled description of the measurement system is given in
meters and wavelengths were used, D2B=(1.594 A), D20  Ref. 25.

(A=2.42 A), and D1B §£=2.52 A). Synchrotron powder

x-ray-diffraction patterns were collected on BM16\ (

=0.4424 A) diffractometer of ESREGrenoble, Frangebe- Il RESULTS

tween 170 and 700 K. Structural and magnetic parameters '

were refined by the Rietveld method using the program Figure 1 shows the signal picked up by the coil during up

FULLPROF?® and have been reported in detail in previousand down sweep of the magnetic field for both

works >~ Big.5Sl.sMnO; and Bp sCa, sMnO5. The AFM to FM tran-
Magnetic measurements have been done on a commercisition induced by the field produces a large signal in the coil

superconducting quantum interference dewvigeantum de- reflected as the appearance of a peak in Fig. 1. In Refs. 16

sign) under an applied field of 1 T, between 5 and 600 K.and 17, we reported the coexistence of CE Artglpe phases

From these measurements, as well as from NPD data, weith nearly identicalT 00 and Ty in the Biy5SrpsMnO;

have established o and Ty for both compounds as has specimen. By comparing the integration of the large peaks in

been reported elsewhete. Fig. 1, we estimate that the whole 85, sMnO; sample
Powdered samples with a volume of a few famere  becomes fully FM between 55 and 65 (lhcreasing the
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FIG. 1. Signal of the pickup coil for increasing and decreasing 20 | ]
magnetic field for Bj;,M,MnO3; (M=Sr, Ca.
0 P R N B R EEPR
field). The transition in both samples presents, as usual, a 200 300 400 500
high hysteresis between increasing and decreasing field. We TCO (K)

definepoH¢ (uoHc) as the field when the minimugmaxi-
mum) takes place for increasinglecreasingfield. The ther-
modynamic critical field ftgHc) when the FM state is in-
duced is defined as the average of these valuggH{

+ uoHc)/2. From the peaks of Fig. 1, we have estimate
that MOHC%SO T fOI‘ Bi0_55r0_5|\/|n03 and ,LLoH 0%56 T fOI’
Big sCa sMNO5. Surprisingly, a stronger field is needed to
induce the FM state in BkCa sMnO; with its T¢g (325 K)

FIG. 2. Critical magnetic fields for several rare-earth-based
manganites half doped with Gapen symbolstogether with those
of BigsSihsMnO; and Bp :Ca sMnO; (filled symbolg, plotted as
gfunction of Mn-O-Mn bond angléa) and as function off - (b).
The lines are, in both panels, guides to the eyes.

works!®-*  From Fig. 2a) BiyCaMnO; and

being 200 K smaller than that of RiSr, MnO; (525 K). Big 5S1p.sMnO3 exhibit critical fields drastically larger than
From both NPD and magnetic measureméntsit can be  the values that one could expect from the dependency of
concluded that Nel temperatures are very similar for both #oHc on the mean Mn-O-Mn bond angle obtained for the
samples, although it is slightly smaller for B8, MnO;  LNnosCéa gMnO; family. On the contrary, from Fig.(8), both
(Ty=110 K) than for Bj<CaMnO; (Ty=~120 K). The BigsShsMnO; and BpsCasMnO; present a critical field
values of these Na temperatures together with CO tempera-smaller than the corresponding according to tfip. The
tures, the values QioH ¢ , uoHea , oHe, and average Mn-  deviation from the general tendency is moderated for
O-Mn bond angle for both compounds are summarized ifBio.sCa sMnO;, but it is very important for BjsSt, sMnO;.
Table I.

Figure Za) shows the dependence ggHc on the aver-
age Mn-O-Mn bond angle for different rare-earth-based
manganites half doped with Cdref. 14 compared with The results shown in the preceding section reveal remark-
those obtained from Fig. 1. It must be highlighted that nei-able differences when comparing not only bismuth and rare-
ther BiysSrhsMnO3 nor Bip sCa sMNO3; match the general earth half-doped perovskites, but also, respectively, bismuth-
tendency displayed by rare-earth-based half-doped mangabhased Sr and Ca doped manganites. Next, we will show that
ites. Figure 2b) shows the same values plotted ver3igs, . a key factor in all cases is the highly polarizablg? Gone
The evolution of ugH¢ for the rare-earth compounds in- pair of Bi. The melting under field of the CO phase in half-
cluded in Fig. 2 has been discussed in detail in previousloped rare-earth-based manganites has to be reinterpreted

IV. DISCUSSION

TABLE I. Average Mn-O-Mn bond angles, critical fields, CO temperatures, anel Menperatures of
Big.5Sth sMnO5 and B sCay sMNO;.

(0)(°) moHE (T) toHc (T) moHc (T) Tco (K) Ty (K)
Bi,,Cay 156.11) 72 40 56 325 120
Bi,,Sfy 166.95) 60 40 50 525 110
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within the new framework for the CO phenomena proposednagnetic transition found in Fig. 1 would correspond to the
by Daoud-Aladineet al. in Ref. 4. We recall here that in the disruption of the CE-type AFM structure due to the FM
new scenario the ordering of MA/Mn** ions (ionic pic-  alignment of Mn moments, with only the magnetic coupling
ture) has been substituted by the ordering of Zener polarongerm being involved in the transition. Furthermore, if this
Thus, a key factor is the fact that tleg electron trapped in possibility for the final FM state of BisSry sMnO3; were true
each ZP is shared by the two Mn ions involved. Conseas well for BpsCa gMnO; (final FM insulating statg this
quently, the two Mn in the Mn-O-Mn trio are ferromagneti- would easily explain why the critical field of BiSry sMnOs,

cally coupled by the double exchange interacfimmermedi- ~ with Ty=~110 K, is smaller than that of BiCa sMnOs,

ate valence staleThis situation is qualitatively different to with Ty~120 K.

having a pair of MA"/Mn** ions coupled ferromagnetically

due to superexchandmnic picture. According to Ref. 4, at V. CONCLUSIONS

low-temperatures superexchange exclusively applies to the

coupling between different ZP's: FM coupled along zig-zag We have investigated the stability under magnetic field of
chains and AFM between them. As a consequence, theharge ordered phases of half-doped bismuth-based manga-
double exchange nature of the local FM coupling betweemites Bj sCa sMnO; and B 5S1h sMnOs, the last having the
Mn within the ZP(in the ZPO modelis probably respon- highestTq reported in manganese oxides. In two very well
sible for the moderate stability of the ZPO phase againstharacterized samples, low-temperature magnetization mea-
the application of magnetic fieldfew tesla. A contradiction ~ surements were performed in very high magnetic fields up to
of the ionic picture was that a higher stability than that130 T. Field-induced transitions giving ferromagnetic phases
experimentally observed was expected for an ordered crystalere observed at high critical fieldsugHc-~50 T for

of Mn3*/Mn** ions. At variance, in the case of ordered ZP, Big Sty sMNO3 and uoHc~56 T for BiysCasMnO3). We

the CO phase contains very small FM clustéwgo Mn at-  remark that these values pfH ¢ found are much larger than
oms than would act as the FM seed from which large FMone would expect from their Mn-O-Mn bond angles. None of
clusters can develop under application of a external magneticoth match the generalogHc— 6 or ugHc-Tco tendencies
field. On another hand, the field needed to melt the lattice ohowed by the half-doped manganites having rare earths.
ZP in half-doped manganites is mainly determined by strucThe differences are remarkably important for
tural features. These steric properties govern the kineticBig St sMnO;, and for Bj, sCa, sMnO5 are much less sig-
energy gain when the metalli@nd FM phase is induced nificant. Surprisingly, a stronger field is needed to induce a
by the field: the larger this energy gain, the smallgp and  FM state in BjsCa sMnO5 than in B sSrp sMnO3, despite

moHc . Tco for the former(Ca, 325 K is 200 K smaller than for the
Remarkably, we have found that the field necessary tdatter (Sr, 525 K).
induce a FM state is slightly smaller for BSrp sMnO; than Of special relevance is the case of Brp sMnO5 with a

for BigsCa sMnO3, even whenT g of the former is about quite opened Mn-O-Mn bond angle. As happens with their
200 K larger than that of the latest. At the same tipyH ¢ CO temperature, this angle does not govern the field needed
for both compounds are much largspecially in the case of to induce FM moments in the compound. The possibility that
Bi-Sr) than the value expected for their average Mn-O-Mnthe nature of the FM-field-induced state in
bond angles. Even when they preseneNeemperatures sig- Biy 5(Sr,Ca) sMnO; compounds could be different from
nificantly smaller(30—40 K lowej than the rare-earth-based that of Ln,sCa; gMnO; ones (at least for BjsSrsMnOs)
manganites. It is clear that the stability under field of Bicannot be ruled out. Thus, it is not clear at present whether in
compounds do not follow the same general tendency thaBi, sSr sMNO5 (and perhaps BisCa, gMnO3) the field be-
those of LpCagMnO; compounds. In the case of low 135 T is really melting the CQZPO) phase or just
Big 5515 sMNO; the difference is very important although for breaking the AFM coupling between the FM zig-zag chains
Big sCa sMNnO; it is much less significant. of localized ZP. In the latter case, the extension of the mo-
Given that Bj 5Srp sMnO; falls completely out of the gen-  bility region of thee, electron will remain unchanged and
eral tendency displayed by the half-doped rare-earth comthe induced FM phase would be insulating rather than me-
pounds, in our opinion, this can be an indication that thetallic. This, when examining the N& temperatures T
nature of the field-induced phase in this compound is mark~110 K for Sr and 120 K for Ca could also explain why
edly different from the FM metallic state induced in Ln- the critical field is smaller for BisSrpsMnO; than for
based compounds. The evidence is not so strong foBi,sCa sMnOs.
Big sCa MnO; (we recall that in any case Bi is a very
electronegative ion compared with the rare eartiiée sug-
gest that in the case of BiSrp sMnO; the main difference in
the final (high field) state may concern its metallicity. Financial support by the MEQGrant No. PB97-1175
Namely, in the field-induced state of BbrpgMnO; the  CICyT (Grant No. MAT99-0984-C03-01and Generalitat de
charges could be localized, this state being comparable to th@atalunya(Grant Nos. GRQ95-8029 and PICS2001-22
FM insulating state reported for BiMnG* In the present thanked. C.F. acknowledges financial support from MCyT.
case, however, this possible interpretation would imply thatVe also acknowledge the High Field Infrastructure Coopera-
the ZPO is not melted by the magnetic fi¢dd least up to the tive Network (Grant No. HPRI-1999-CT-0033or financial
highest field in our measurements, 135 @nd themeta  support.
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