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TbCuMn401, perovskite has been prepared in polycrystalline form under moderate pressure conditions
of 2 GPa, in the presence of KCJ@s oxidizing agent. This material has been studied by X-ray and
neutron powder diffraction (XRD and NPD) and magnetotransport measurements. The crystal structure
is cubic, space groupm3 (No. 204), witha = 7.2668(1) A at room temperature (RT). This compound
presents a AB@perovskite superstructure, where the A positions are occupied by Th and Cu, ordered
in a 1:3 arrangement, giving rise to the body centering of the unit cell. At the B positions, Mn adopts a
mixed oxidation state of 3.745 MnOg octahedra are considerably tilted by°18ue to the relatively
small size of the A-type cations. Tben,O;, is ferrimagnetic below¢ = 395 K: the magnetic structure,
studied by NPD, reveals that Mn and Cu spins are ordered b&pim an antiparallel arrangement.
Additionally, below 100 K the Th magnetic moments also participate in the magnetic structure, becoming
antiferromagnetically coupled to Mn spins. This arrangement can be broken under the presence of an
external magnetic field, inducing a turnover of the Th magnetic moments, which then become parallel to
the Mn moments. The mixed valence state created at the Mn sublattice is responsible for the observed
metallic behavior; a negative magnetoresistance of 25% is achieved& dor H = 9 T.

Introduction dependent decay characteristic of other perovskite-based sys-

Considerable attention has been paid to manganese pergems. This is appealing since, for practical application, sig-

ovskites owing to their colossal magnetoresistance (CMR) nificant temperature stability is required around_room tem-
and other novel propertié€.Generally speaking, the CMR perature’® CaClsMn.Ox, had already been described in the

effect of polycrystalline ceramics and films falls into two 1970s, when the preparation and crystal structure of some

classes, namely, the intrinsic and extrinsic magnetoresistancéelated phases (A3B.01, family) was reported. ** The
(MR). The former is referred to intragrain MR, which has a crysta_l structure of this compound has _the originality of
maximum near the ferromagnetic transition temperaftge, _contalnmg cer (o_r _other JahrTeller tranS|_t|on metal cat-
The latter is intergrain MR observed over a wider temperature lons) at the A positions of the AB{perovskite. The crystal

range belowlc and is characteristic of a large low-field MR, fﬁ' mygetry IS CUbll(':t (spalllc eTgrOUmB) V\{'th ta do_u bgng ?f th
which is attributed to spin-polarized tunneling or spin- € |deal perovskite Cell. The SUPETSIrUcture 1s due to the

dependent scattering at grain boundaries and other interfacesld.:e’t o;@erm?tgf the Aand ﬁl (ft?hﬁ'Til.lef?l 'Or:js z;md tt?]e
in polycrystalline samples. Because a large low-field MR is IStortion of the oxygen sublatlice, which leads to a three-

highly desirable from the viewpoint of the practical applica- dlmens;c;r}arl] ng‘_”gﬂ_(;f strolngly t||ltjgoli_i®ctar(;edfra1;ganng
tion, how to increase the extrinsic MR effect of polycrys- comers.=the angie 1S~ Instead o  as

talline samples in low magnetic fields has become one of

the important investigation subjects, not only in the more (3) EetTgi§é§%§e3n1%2tt, M.; Subramanian, M. A.; Croft, Rhys. Re.
i — ett. " .
cpnvennonal hole—dopeq RMQCQR = rare earths) PErovs- (4 wu, H.; Zheng, Q.: Gong, XPhys. Re. B 2000 61, 5217.
kites, but in other more innovative and complex perovskite (5) Weht, R.; Pickett, W. EPhys. Re. B 2001, 65, 14415.
svystems (6) Troyanchuk, I. O.; Lobanovsky, L. S.; Kasper, N. V.; Hervieu, M;
Y ' W . . Maignan, A.; Michel, C.; Szymczak, H.; Szewczyk, Rhys. Re. B
Recently, a “new” system has attracted the attention 1998 58, 14903.
of the CMR community: the complex perovskite (7) Sanchez-Beftez, J.; Alonso, J. A.; Mamez-Lope, M. J.; Casais, M.

. . . T.; Martinez, J. L.; de Andig A.; Ferriadez-Daz, M. T.Chem. Mater.
CaCuMn,04,.376 This ferromagnetic oxideT¢ = 355 K) 2003 15, 2193. =

shows good low-field response, as large as 40% at 20 K, (8) Alonso, J. A; Sachez-Beftez, J.; de Andrg, A.; Martnez-Lope, M.

; _ J.; Casais, M. T.; Mamtez, J. L.Appl. Phys. Lett2003 83, 2623.
and this response does not show the strong temperature (9) Chenavas, J.: Joubert, J. C.. Marezio, M.: Bochu] BSolid State

Chem.1975 14, 25.
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in the ideal perovskite structure. This distortion creates two

different polyhedra at the 'MA site: a slightly distorted 12 - 8 TbCu,Mn,0O,,

oxygen-coordinated site and a grossly distorted icosahe- £ Cu Ka

dron at the A site. There are three sets of@ distances at 2

~1.9, 2.8, and 3.2 A, each forming an approximately square- s

planar coordination for A JahkfTeller cations. £ N
CaCuMn,;0;,, and other compounds of the'AgB,401, é 2 - o

family, have been prepared under high pressure (7 GPa), - Y R . S o

necessary to stabilize the small A cations in the 12-fold - J“ Ll l:: & S &)

coordinated positions of the perovskite. Recently, we . . . . . .

have been able to synthesize polycrystalline samples of 20 40 60 80

CaCuMn,40,, derivatives at moderate pressures of 2 GPa, 26 (%)

Startlr,]g from very rea?tlve precursors Obtameq by_ wet- Figure 1. XRD pattern for ToCeMn40O;2 indexed in a cubic unit cell with

chemistry procedures, in the presence of KCH3 in situ a = 7.2668(8) A.

oxidizing agenf. This alternative preparation procedure

allowed us to obtain well-crystallized samples, suitable to decomposition of KCI@Q and to eliminate small amounts of

perform an accurate neutron diffraction study of both unreacted CuO;then the powder sample was dried in air at@50

structure and magnetism, and a complete characterizationfor 1 h.

of the magnetic and magnetotransport properties. The product was initially characterized by laboratory XRD (Cu
In this system, Ca cations can be replaced by rare earthd<® 4 = 1.5406 A) for phase identification and to assess phase

in the RCuMn.Os» (R = rare earths) series, implying an purity. For the structural refinements, NPD patterns were collected

. . at room temperature d2 K at thehigh resolution D2B neutron
electron doping effect that affects the magnetic and transport berau 9 W .

. 813 diffractometer of ILL-Grenoble. Despite the relatively small amount
properties, as demOSnStrated fo':RLaj Ce, Nd, and TH: of sample available (about 1 g), a good quality pattern could be
In the case of R= La® we have described an excellent low-  cqjlected with the high-flux mode and a counting timfedoh for

field MR magnitude at RT, comparable to the best values each pattern. A wavelength of 1.594 A was selected from a Ge
known for bulk magnetoresistance materials at RT. monochromator. Low-temperature medium-resolution NPD patterns
Magnetotransport properties of R Th compound was  were collected at the high-flux D20 diffractometer (2.42 A), to
described by Troyanchuk et @} In this paper we present follow the thermal evolution of the ferromagnetic component. The
a description of the chemical preparation of this complex sample was placed in a standard orange cryostat and cooled to 2.5
perovskite under moderate pressure conditions, and we report<: then sequential NPD diagrams were collected during the heating
on a structural and magnetic study of Th®m,O:, by run, gt 0.3 K mir?, |n.the 2.5.—285 K temperature range, Wlth a
neutron powder diffraction, complementary to magnetic counting _tlme of 10 min per@agram.AIlthe patterns_were refined
measurements. We show that, besides the expected ferri by the Rietveld method, using the FULLPROF refinement pro-

. . gram® A pseudo-Voigt function was chosen to generate the line
magnetic order of Mn and Cu ions beldl, the rare-earth shape of the diffraction peaks. No regions were excluded in the

magnetic moments also play an important role at Iow refinement. In the final run the following parameters were refined
temperatures, leading to a peculiar magnetic behavior, whichfrom the high-resolution D2B data: scale factor, background

has been studied under very high fields up to 16 T. coefficients, zero-point error, unit-cell parameters, pseudo-Voigt
. . corrected for asymmetry parameters, positional coordinates, iso-
Experimental Section tropic thermal factors, and magnitude of the Cu, Mn, and Th

The elaboration of ThGiMn.O; required the previous prepara- magnetic moments. The coherent scattering lengths for_ Tb, Cu, Mn,
tion of very reactive precursors, obtained by wet-chemistry @nd O were 7.34,7.718;3.73, and 5.805 fm, respectively. The
techniques. A mixture of T®,, Cu(NOy),+3H,0, and MnCQ was magnetic form factors co_n§|dered for Cu, Mn, and Tb cations were
dissolved in citric acid; the solution was slowly evaporated, leading determined with the coefficients taken from the International Tables
to an organic resin which was dried at 12C and slowly  ©f Crystallography. o
decomposed at temperatures up to 800 The sample was then The dc'magnetlc susgeptlblllty was measured on a powdered
heated at 800C for 2 h in order to eliminate all the organic ~Sample with a commercial SQUID magnetometer from Quantum
materials and nitrates. This precursor was thoroughly ground with DSign, in the temperature range- 00 K. The magnetization vs
KCIO4 (30% in weight), put into a gold capsule (8 mm diameter, magnetic flgld meaSt_Jrements at_ 2, 20, and 100 K were performed
10 mm length), sealed, and placed in a cylindrical graphite heater. UP t© 16 T in a Physical Properties Measurement System (PPMS)
The reaction was carried out in a piston-cylinder press (Rockland /S0 from Quantum Design.

Research Co.), at a pressure of 2 GPa at Z@fdr 60 min. Then
the material was quenched to room temperature and the pressure Results

was subsequently released. The raw product, obtained as a dense, . .
homogeneous pellet, was ground to perform the structural and TbCuMn40,, was obtained as a black, well-crystallized

magnetic characterization. The ground product was washed in apowder. Thellaboratory ).(R_D diagram'is shown i_n Figure'l.
dilute HNO; aqueous solution, to dissolve KCI coming from the The pattern is characteristic of a cubic perovskite showing
sharp, well-defined superstructure reflections due to the 1:3

(13) Sachez-Beftez, J.; Alonso, J. A.; de AndseA.; Martnez-Lope, M. ordering of Tb and Cu cations. The observed unit-cell
J.1:4C0e;sals, M. T.; Mamez, J. L.J. Magn. Magn. Mater2004 272, parameter, of 7.2668(1) A, agrees with that described
e .

(14) Troyanchuk, I. O.; Khalyavin, D. D.; Hervieu, M.; Maignan, A,;
Michel, C.; Petrowski, KPhys. Status Solidi A998 169, R1. (15) Rodfguez-Carvajal, JPhysica B(Amsterdam)1993 192 55.
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Figure 2. Temperature dependence of the (a) dc magnetic susceptibility Figure 3. Upper panel: magnetization vs magnetic field isotherms for

(with its derivative) and (b) reciprocal susceptibility for ThfnsO12. Ca
and Cg are expressed in er/mol-Oe units.

elsewhere, of 7.258(F)No impurity phases were detected
from either XRD or NPD data. This perovskite has been
obtained by the total substitution of Ca by Tb in the parent
compound CaGiMn,40;,. Owing to the oxidizing preparation
conditions, Tb could adopt either a trivalent or tetravalent
state. The change of €aby Tb*"** implies that Md* at

B site is partially reduced to Mn to preserve the charge
neutrality. This point will be subsequently discussed in light
of the structural results.

Magnetic Data. The magnetization vs temperature data
(Figure 2a) shows below Q0K a spontaneous increase of
the susceptibility, characteristic of a ferrimagnetic ordering.
It is well-established for the Ca@Mn4O;, systen that this

ThCuwuMn404; at different temperaturéé> 100 K from—5to 5 T. Lower
panel: magnetization at some selected temperaflires100 K between
—16 and 16 T. The inset is a close-up of the low-field region.

the C, andCg Curie constants indicated in Figure 2b, from
which we obtain the effective paramagnetic moments of 9.5
uslf.u. and 7.78ug/f.u. for both A (C¢* + Tbh®") and B
(Mn®/4t) sublattices, very close to the expected 9.6
f.u. and 8.3ug/f.u. obtained considering the standard values
of upara= 9.5, 1.73, 4.9, and 3.87s for Th®*, C?*, Mn3*,
and Mrf*, respectively. The obtained Weiss consta#hts
402.8 K, is significantly close to the Curie temperature and
indicates the predominance of ferromagnetic interactions in
the system.

Figure 3 shows the magnetization vs magnetic field data
at different temperatures. Down to 100 K (upper panel of

effect corresponds to the antiferromagnetic coupling of the Figure 3) the shape of the curves is characteristic of a
Cu and Mn magnetic sublattices. Additionally, at low ferrimagnet with a saturation magnetization corresponding
temperatures the magnetization decreases remarkably, sug© the antiparallel alignment between Mn and Cu spins.
gesting the ordering of the Tb magnetic sublattice. The Below 100 K (lower panel), low-field magnetization data
inflection point in the magnetization, labeled as Curie reach smalleM values for lower temperatures that gradually
temperature o), is placed at 395 K. Thidc is somewhat increase with the external applied field evidenced in the
higher than that reported by Troyanchuk ef &bove Tc, measurements performed up to 16 T. This is in good
the reciprocal susceptibility data (Figure 2b) shows a agreeme.ntwrth the su§ceptlblllty curve in Figure 2, where a
progressive change of slope, which diminishes as temperaturé®rogressive decrease is observed between 100 and 2 K. The

increases. This behavior of the reciprocal susceptibility is a €volution of the magnetization isotherms features a “cross-

The data nicely fit the formulg~ = (T2 — 62)/((Ca + larger & 2 K than 100 K. At 20 ad 2 K the magnetization

Cs)T — 24.CACg) that represent the reciprocal susceptibility does qot reach a saturation valqe, at Iea_st up to 16 T. This
of the paramagnetic phase of a ferrimagnetic compdéind, Pehavior can be understood in the light of the low-
where A and B stand for the two sublattices that experience t€mperature magnetic structure, described below.
antiferromagnetic coupling below the ordering temperature. Magnetotransport Measurements.The transport proper-

The fit to the total paramagnetic range (46800 K) gives 1S Of TbCuMn4O., are illustrated in Figure 4. The
resistivity atH = 0 displays a metallic behavior in all of the

temperature range 2 T < 400 K. It is worth mentioning
that the observed value f@(T=300K, H=0), of 0.03Q-

(16) Kittel, C.Introduction to Solid State Physicdohn Wiley: New York,
1993.
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Inset: magnetoresistance (MR) isotherms. MR is defined as<1{R(H)
— R(O)J/R(0). 20 40 60 80 100 120 140
cm, is considerably smaller than that described for the parent 26(°
CaCuMn40;, compound, of~1.8 x 10° Q-cm® The
metallic behavior and the low resistivity can be explained 1500 T, T T T T T T T T
by the partial filling of the ¢ Mn band of the Mn located " (b Z Yobs 7]
at B site!” Regarding the changes (T) under a mag- 1200 K () :igz':_walc i
netic field, we define MRfl) = 100 x [R(H) — R(0)]/R(0). . 2K | Bragg_position
The inset of Figure 4 illustrates some selected isotherms £ gpgo
for external applied fields-9 < H < 9 T. A maximum 5
negative MR of 25% is achieved 8 K for H = 9 T; MR £ 600
is still significant at RT, displaying values close to 5% for <
H=9T. g 300 | 1]
Structural Refinement at RT. The structural refinement E eslitad bbb bl LU UL UL UL,
from RT high-resolution NPD data was performed in the £ 0 _ IR AR AR IR |I'_
Im3 (No. 204) space group, with a unit-cell parameter re- -300 el e o
lated toay (ideal cubic perovskiteao ~ 3.8 A) asa ~ 2ay, o ]
using thg parent CaGMn4Os; structurg as the starting 20 40 60 80 100 120 140
model, with Th atoms at 2a (0,0,0) positions, Cu at 6b (O,
15, 1) positions, Mn at 8c'{(s,Y/4,Y4), and O at 24g (9,2 2 6(°)

sites. A good fit R ~ 4.22%) was obtained for this , _ _ ,
Figure 5. Observed (circles), calculated (full line), and difference (bottom)

prellmlnary model. As a sec_o_nd step, the 'ntr_OdUCtlon of Mn NPD Rietveld profiles for TbCsMn4O1, at 295 K (a) and 2 K (b), collected
atoms at random at 6b positions together with Cu was tried at the high-resolution D2B-ILL diffractometer. The second row of tick marks

since Mi#* is a Jahnr-Teller cation suitable to occupy this ~ corresponds, in both spectra, to the magnetic structure.
crystallographic site, and the complementary occupancy i
factors were refined, constrained to a full occupancy. relevant parameters after the refinement from NPD data.
Nevertheless, Mn atoms were rejected from this position. Table 2 contains the main bond distances and angles.

After this step, the magnetic phase contribution was included Magnetic Structure Evolution. Figure 6 shows the

as a second phase since this compound is magneticall)fﬂermaI evolution of the NPD patterrlnls of ZWS“?}? ir?fl
ordered already at RTT¢ = 395 K), as shown from the the 2.5-285 K temperature range, collected in the high-flux

magnetic measurements (Figure 2). We have modeled aDZO diffractometer { = 2.42 A). The variation of the

perfect ferrimagnetic ordering between the magnetic mo- integrated intensities of several selected reflections is shown
ments at 6b and 8c positions, directed alongdlis; this in Figure 7.

model corresponds to a perfect collinear arrangement of Cu Therg is a considerable magnetic cqntrlbutlop to the
and Mn spins. After this refinement the quality of the fit scattering on the low-angle Bragg reflections, for instance,

was improved, reaching a discrepancy factoRoE 3.49%. on the [200] Bragg position, which smoothly increases below

The magnetic phase had a discrepancy factor of 6_%%,RT._ This co_ntributio_n is <_:hara_cteristic ofafer_romagnetic or
yielding ordered magnetic moments of 1.77¢g)and—0.27- fer_rlmagne'_uc _orderlng, in which the mag_netlcally or(_Jlt_ared
(7) us for Mn and Cu sites, respectively. The subsequent unit cell c0|_nC|des with fche crys_tallqgraphlc one. Addition-
refinement of the occupancy factor for oxygen positions gave aIIy,. Fhere is a magnetic contribution on the [110] Bragg
no significant deviation from the full stoichiometry. The POsition, allowed by the symmetry of then3 body-cen-
quality of the fit after the final refinement is illustrated in tered unit cell, at @ ~ 28, the intensity of which drastic-

Figure 5a. The crystallographic formula for this material was ally increaseg below 190 K. This additioqal contribution is
confirmed to be Tb[CiefMnisOws. Table 1 lists the also present in some higher angle reflections such as [211].
Finally, some peaks show a decrease of the integrated in-

(17) Sachez-Beftez, J.; Prieto, C.; de AndseA.; Alonso, J. A.; Mafnez- te_nsity’ _SUCh as [220]'_ Two temperat_ure regions hav_e been
Lope, M. J.; Casais, M. TPhys. Re. B 2004 70, 24419. distinguished concerning the magnetic structures which are
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Table 1. Unit-Cell, Positional, Thermal Parameters and Ordered X1 F— T T3 T
Magnetic Moments for TbCusMn 4012 in Cubic Im3 (No. 204) Space g 6x10° '5; ]
Group, Z = 2, from NPD Data at 295 and 2 K; Reliability Factors 5x10° I @0 % (200)
for Both Patterns Are Also Given = - 5x10° | \
= < r
295K 2K 5 OF o] 4x10° ,
a(d) 7.2668(1) 7.2587(1) § wo'f . e (222)
V (A3) 383.725(8) 382.447(8) 2 - @11) 1108 | i
Th 2a(000) § 6x10 M= b
B (A2 0.16(8) 0.15(8) e | .
magn. mom. g) 0.0 —5.07(7) % 0T |- 9"105 N R—
u 6b (02 ¥/2) o} , 5x10° - T
B (A9 0.63(4) 0.39(4) Z ex10' . - (310)
magn. mom. {s) —0.27(7) —0.75(6) :""‘ﬂg 4x10° i
Mn 8¢ Ua Ya Ya) o' (220) 7 I
B (A2 0.52(5) 0.31(5) o el v o
magn. mom. 4g) 1.77(6) 2.59(7) 0 100 200 300 0 100 200 300
)? 249 (0y 2 0.2994(2) 0.2986(3) Temperature (K) Temperature (K)
z 0.1790(2) 0.1782(3) Figure 7. Thermal evolution of the integrated intensities of some selected
B (A?) 0.48(2) 0.24(3) NPD reflections of TbCgMn4O1».
reliability factors
72 1.20 2.00 I
Ry (%) 4.40 5.09 @ o RT, H=0T
Rup (%) 5.65 6.61 3
Rexp (%) 5.16 4.68
Rmag(%) 6.95 9.21
R (%) 3.49 6.36 (b) I 2K, H=0T
Table 2. Main Bond Distances (A) and Selected Angles (deg) for I
ThCuaMn 401, Determined from NPD Data at 295 and 2 K
295K 2K
ThOy, Polyhedra
Th—0 (x12) 2.535(2) 2.524(2) (c) 2K, H=16T
CuOy, Polyhedra i I
Cu—0 (x4) 2.7509(8) 2.7553(9)
Cu—0 (x4) 3.190(1) 3.187(1) Tb Cu Mn
Cu—0(x4) 1.954(2) 1.952(2) Figure 8. Schematic diagram showing the relative ordering of the magnetic
O—Cu—-0? 94.00(6) 97.0(1) moments of Tb, Cu, and Mn magnetic atoms observed by NPD at 295 K
O—Cu-02 86.00(3) 83.0(1) (a) and 2 K (b). It also shows the magnetic structure rearrangement upon
MnOg Octahedra application of an external magnetic field of 16 T at 2 K, obtained from the
Mn—0O (x6) 1.922(1) 1.921(1) magnetization data (c).
O—Mn—0 88.44(7) 88.1(1)
O-Mn-0 91.56(9) 91.9(1) Figure 8b. It is important to underline that, although neutron
Cu—0—Mn 108.54(5) 108.51(5) ; ; ; -
Mn—0O—Mn 141.83(2) 141.75(2) powder diffraction techniques do not allow the determination

aFor Cu-0 short distances, within CuGquare units.

Figure 6. Thermal evolution of the low-angle region of the NPD patterns

1=2.42 A

of TbCuwMn4012 collected at the D20-ILL diffractometer.

schematized in Figure 8. In the temperature interval 00

of the absolute orientation of the magnetic moments in a
cubic structure, it is indeed possible to determine the relative
orientation of the moments of the different magnetic
substructures. In this case we have considered that the first
set of Mn moments at 8c positions is parallel to thaxis,

and then refined the orientation and magnitude of the Cu
and Th moments at 6b with respect to this reference.

The evolution of the magnitude of the different magnetic
moments has been analyzed in a sequential refinement from
NPD data, and it is displayed in Figure 9a. Mn and Cu
moments, already ordered at RT, progressively increase in
absolute value as temperature decreases. Tb ordered moment
exhibits measurable values below 75 K, reachirgug at
the lowest temperatures of 2.5 K. The thermal variation of
the a unit-cell parameter is shown in Figure 9b. There is a
change in the variation rate at about 100 K, and a peak at
25 K probably related to the Th magnetic ordering; the

T < RT we have considered a perfect ferrimagnetic collinear observed singularity at165 K is unrelated with any
arrangement of the Mn and Cu magnetic moments, asmagnetic feature of this oxide.

described in the precedent heading (Figure 8a). Below 100 Crystal Structure at 2 K. The structural refinement from

K, Tb magnetic moments undergo long-range magnetic the 2 K high-resolution NPD data (D2B instrument) was
ordering. The magnetic intensities can be explained in a performed in the same way as the room-temperature analysis.
model where Tb magnetic moments are antiferromagnetically The magnetic structure was introduced in the final refinement
coupled with Mn spins, according to the scheme depicted in as a second phase; 2K it wasnecessary to introduce the
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ordered Th magnetic moments at 2a sites. The quality o

Chem. Mater., Vol. 17, No. 20, 2005075

Figure 10. View of the structure of TbGiMn4O12. c axis is vertical. Large,
medium, and small spheres represent Th, Cu, and O, respectively; corner-
sharing MnQ@ octahedra are fairly tilted in the structure to optimize-T®

and Cu-0O bond lengths. It can be seen at the left the effective square planar
coordination of Cu cations.

bond lengths of 1.922(1) A at RT. From the chemical point
of view, the presence of Tb cations replacingCa CaCu-
Mn4O;2 implies either the reduction of some Kincation to
Mn3t or the presence of some oxygen vacancies per formula
unit. The last possibility was discarded by the neutron powder
diffraction study. Also, the observed unit-cell parameter for
the Tb perovskite, of 7.2668(1) A, is considerably expanded
with respect to that reported for the parent Cg@uyO;,
oxide, of 7.241(1) A which can also be seen as a result of

¢ the mentioned electronic injection.

the final it is shown in Figure 5b and the relevant parameters 1 he actual oxidation states of the different cations present
are listed in Table 1 and Table 2. The discrepancy factors IN the solid can be assessed by means of the Brown's bond

were R = 6.36% for the crystallographic phase aRd=

valence theory®'® from the observed metabxygen dis-

9.21% for the magnetic one. The refined magnetic moments {2NCes. This theory gives a phenomenological relationship

at 2 K are 2.59(7)-0.75(6), and—5.07(7)us for Mn, Cu,

between the formal valence of a bond and the corresponding

and Tb, respectively. The ordered magnetic moment found bond length. From the distances listed in Table 2, we obtain

at Mn positions is significantly lower than that expected for
(Mnz*™Mn3*) of 3.25ug per atom, suggesting some elec-
tronic delocalization due to covalency effects.

Discussion

A view of the crystal structure of TbGMn,4O,, is shown
in Figure 10. This perovskite is fairly distorted due to the
small size of Th and Cu cations occupying the A positions
of the structure, which force the M@ctahedra to tilt in
order to optimize the ThO and Cu-O bond distances. The
tilting angle of the octahedra can be simply derived from
the Mn—O—Mn angle, to be 19 The cubic perovskite
superstructure of TbGMn40,, contains several features that
must be highlighted. As is shown in Table 2, Tb atoms are
coordinated to 12 oxygen atoms, with equa-® distances
of 2.435(2) A at RT, while the oxygen environment foru
cations is highly irregular, with 8 rather long distances (2.75
and 3.19 A at RT) and an effective coordination number of
four, with Cu—O bond lengths of 1.952(2) A at RT in a
pseudo-square arrangement. These £uf@s are not strictly
coplanar, exhibiting ©Cu—0O angles of 94.Dand 86.0.
At the B substructure of the perovskite, (MnMn3") cations
occupy the center of virtually regular octahedra, with-M

valences at RT of 3.23, 1.903, and 3.796 for Th, Cu, and
Mn, respectively. The valence of Tb cation was expected to
be 3+ or 4+, and the result of the bond-valence study
demonstrates it is closer tet3 The valence for divalent Cu

is slightly lower than expected. The valence for Mn at 8c
(octahedral environment) is lower thar-4and very close

to the nominal valence of 3.#5corresponding to a trivalent
Tb nominal valence. This value corresponds to 75% of'Mn
and 25% of MA" at the B site. We can conclude that the
incorporation of TB" to the A positions of the perovskite
involves the occurrence of a mixed Ktir-Mn3* valence at
the B sublattice. The electronic injection upon replacement
of Ca by Th is concomitant with the significant expansion
of the unit-cell parameters, as described earlier. The-Kn
distance observed for Th@un,O, of 1.922(1) A, is
considerably longer than that observed for Ce@wO;,,

of 1.915(1) A? consistent with the incorporation of larger
Mn3* cations in the Mfit sublattice. On the other hand, the
Th—O distance, 2.535(2) A, is smaller than the-@ one,
2.56 A, in the parent compourfidjue to the smaller ionic

(18) Brown, I. D. Structure and Bonding in Crystal®O’Keefe, M.,
Navrotsky, A., Eds.: Academic Press: New York, 1981; Vol. 2, pp
1-30.

(19) Brese, N. E.; O’Keefe, MActa Crystallogr. Sect. B991 47, 192.
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radius of TB*, 1.04 A in 8-fold coordinatioR? compared the maximum reached magnetizatian2aK overcomes 15

with that of C&* (1.12 A). uslf.u., implying that an extra magnetization of about#3
TbCuMn40s; is a ferrimagnet withilc = 395 K; there is f.u. corresponds to Th magnetic moments aligned parallel

an increment off ¢ with respect to the parent Ca@dn,O;, to the Mn spins. This picture, based on magnetization

oxide (Tc = 355 K)2 which might be a result of the measurements, must be verified by neutron diffraction

electronic injection upon Ca replacement by T4, rein- experiments under a magnetic field.

forcing the superexchange interactions between Mn cations,

perhaps as a result of a carrier-mediated exchange mechanism Conclusions

which is triggered at the Mn sublattice via induction of a
mixed valence for Mn. In the same direction, the electronic ~ Single-phase ThGWn4O.> with a perovskite-related
injection is also patent in the transport properties of this Structure was synthesized at a moderate pressure of 2 GPa
perovskite, where a low resistivity and a metallic behavior in the presence of an oxidizing agent. The crystal structure
is observed, in sharp contrast with the insulating (semicon- Was refined at RT ah2 K from high-resolution NPD data;
ducting) character reported for the parent Ca_containing a bond valence Study demostrates that Th adOptS a trivalent
oxide. The MR is always negative and increases with Oxidation state, despite the strongly oxidizing synthesis
decreasing temperature (inset of Figure 4)’ a maximum Vaiueconditions, and Mn presents a mixed valence state close to
of 25% is achieved undeH = 9 T. In CaCyMn,0;,  the expected Mi*". TbCuMn4Oy is a ferrimagnet with
compound, MR is around 40%. Tc = 395 K; there is an increment @t with respect to the

In the temperature interval betwe®g (395 K) and about ~ Parent CaCgMn,Oy, oxide, which is thought to be a result
100 K, the magnetic structure can be described as a perfecPf the electronic injection upon €areplacement by T,
ferrimagnetic arrangement of Mn and Cu spins, as demon-inducing a mixed valence state at the Mn sublattice and
strated from NPD data. Tb magnetic moments are paramag-einforcing the superexchange interactions between Mn
netic, i.e., are not long-range ordered in this intermediate cations. Additionally, this electronic injection is also respon-
temperature regime_ The expected saturation magnetic mo_sible for a lower rESiStiViy and metallic behaVior, as well as

ment in this temperature range would be aroundid®.u., a reduced magnetoresistance. The microscopic origin of the
for the stoichiometry TH Cu2H(Mns*Mn3*)gOy, (CLZ*, S magnetic behavior in this material Bt = 0 has also been
= 1/, Mn3", S= 2; Mn**, S= 3,). This value is roughly ~ unraveled from NPD data. BeloWc and down to 100 K,
the one experimentally reached at 100 K unHer 16 T the magnetic structure can be defined as a ferrimagnetic

(Figure 3b). The low-temperature magnetic structure in- (@ntiparallel) aligment of Mn and Cu spins; below 100 K
volves, below 100 K, the participation of Tb magnetic the Tb magnetic moments participate in the long-range
moments in the long-range ordered magnetic arrangement,magnetic ordering, exhibiting an antiferromagnetic coupling
as depicted in Figure 8b. It seems that this configuration is 0 the Mn magnetic moments. The Tb magnetic coupling
not particularly stable since it can be destroyed upon the €an be broken under the application of external magnetic
application of a relatively low external magnetic field. As fields, inducing a turnover of the Tb moments which then
shown in the magnetization vs field isotherms belGw- become parallel to the Mn spins. This point needs to be
100 K, there is a monotonic evolution of the magnetization Verified in a neutron experiment performed under magnetic
above small threshold fields of 0.2 T, which can be explained field.

as a progressive turning-over of the Th magnetic moments
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