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Spin Glass to Weak Ferromagnetic Transformation in a New
Layered Cobaltite: Consequence of Topotactic Reactions with
Water at Room Temperature
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A new n = 2-member of the Ruddlesdeopper (RP) cobaltite series,zSC0o;.oNbp 106.65-5, has
been stabilized by niobium doping. This oxide reacts topotactically with atmospheric water through
hydrolysis/hydration and reduction of cobalt, leading to an oxyhydroxide hydrate derivative,
Si3_5C01.9Nbp 104 86-5(OH)3.040.4H,0. The reaction with water at room temperature induces a magnetic
transformation from a spin glass behavior with a freezing temperdiyre 50 K for the pristine RP
oxide to weak ferromagnetism with an apparent Curie temperdigire 200 K for the oxyhydroxide
hydrate derivative. The spectacular effect of water upon the magnetic properties of this layered oxide is
explained by the partial reduction of €ointo Co** species, concomitantly inducing a coordination
change for cobalt cations that form antiferromagnetic coupling between high-spinACgeneralization
of this phenomenon to other layered cobaltites and even iron oxides is considered.

Introduction hydrate8 and derivatives involving also the possibility to
substitute partially cobalt by titanidhsuggest that water
The recent discovery of superconductivity in a layered yeaction may have a particular influence upon the magnetic
cobaltite, Na.CoO,"yH,0,* has stimulated great attention properties of these oxides, leading for instance to cluster and
upon cobalt oxides and their hydrated derivatives. One of gpin glass behavior. Nevertheless, in the latter case neither
the most noticeable features in this superconductor is thatihe oxidation state of cobalt nor the magnetic properties were
superconductivity is induced by intercalation of water investigated for the “as-prepared” anhydrous phase, making
molecules. It has been revealed that the superconductivegitficult the interpretation of their evolution in the course of
properties of this material is very sensitive to the water the hydration reaction. We have thus explored possibilities
content ) (i.e., superconductivity appears only foe 1.3), of stabilization of such RP cobaltites by substituting various
and the anhydrous Ng&CoO; and “less’-hydrated NaCoO;: transition-metal elements. We report herein on a new oxygen-
0.6H:,0 phases are non-superconductive down to the lowestgeficientn = 2-RP member, SrsCo; Ny 106.65-6, and its
temperaturé?® The appearance of superconductivity in oxyhydroxide hydrate derivative, $5CorgNbo 10486 o-
Nap:Co0yyH:0 seems to be related to the variety and (OH);,,0.4H,0. We show that the magnetic property
Complexity of the electronic states in cobaltites. It has been ev0|ves from a Spin g|ass behavior W|th a freezing temper-
widely known that the crystal-field splitting of the Cal3  ature T, = 50 K for the anhydrous pristine oxide to weak
state and the Hund’s coupling energy are comparable inferromagnetism withlc = 200 K for the derivative phase.
cobaltites such that various kinds of electronic/magnetic This magnetic transformation, which takes place at room
phases with different spin states are in a subtle balancetemperature, is explained by a topotactic reaction with water,

giving us an expectation to induce electronic/magnetic phasejnyolving hydration, hydrolysis, and partial reduction of‘Co
transformation triggered by stimulatiersuch as a hydration  jnhto Co+.

reaction.

Studies of the layered Ruddlesddropper (RP) cobaltites, Experimental Procedures

4 \ .
St+1C0Osn+1-6,* @nd more recently of their oxyhydroxide The pristine sample was prepared by a conventional solid-state

reaction. A powder mixture of SIGOC0;0,, and NBOs with an
* Corresponding author permanent address: Materials and Structures Labora-appropriate ratio of $€0; ¢Nby 1075 was calcined in flowing @

tory, Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama 226- 445 at 800C for 12 h. This calcined powder was ground. pelletized
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(1) Takada, K.; Sakurai, H.; Takayama-Muromachi, E.; Izumi, F.; cooling to room temperature. For experimental procedures of the
Dilanian, R. A.; Sasaki, TNature (Londor) 2003 422, 53. pristine “fresh” sample, the closest attention was paid to prevent

(2) Foo, M. L.; Schaak, R. E.; Miller, V. L.; Klimczuk, T.; Rogado, N.
S.; Wang, Y.; Lau, G. C.; Craley, C.; Zandbergen, H. W.; Ong, N. P.;

Cava, N. P.Solid State Commur2003 127, 33. (5) Pelloquin, D.; Barrier, N.; Maignan, A.; Caignaert, Solid State Sci.
(3) Karppinen, M.; Asako, |.; Motohashi, T.; Yamauchi, EGhem. Mater. 2005 7, 853.

2004 16, 1693. (6) Pelloquin, D.; Barrier, D.; Flahaut, D.; Caignaert, V.; Maignan, A.
(4) Dann, S. E.; Weller, T. MJ. Solid State Cheni995 115 499. Chem. Mater2005 17, 773.

10.1021/cm051334w CCC: $30.25 © 2005 American Chemical Society
Published on Web 11/05/2005



Topotactic Reactions with Water Chem. Mater., Vol. 17, No. 25, 26257

an undesirable hydration reaction. The sintered pellets were put in 8
a vacuum chamber immediately after taking them out of an
atmosphere-controlled furnace. The sample was then stored in a
glovebox in which water concentration was kept less than 0.05 ppm,
and all the sample preparations were carried out in the glovebox.
On the other hand, a part of the pristine sample was exposed to ai
for 7 days to obtain a fully hydrated sample.

X-ray powder diffraction (XRPD) analysis was performed using
a Philips X-pert Pro diffractometer (CudKradiation) equipped a)
with an atmosphere-controlled chamber (Anton Paar TTK 450), Figure 1. (a) [110] and (b) [120] ED patterns of the pristine oxide of
which allows us to measure diffraction patterns at temperatures up Srs_sCoy 0Nbg 106.65-. Streaky lines parallel to the* axis are indicated

to 400°C. The data were collected in an angular range°of 26 with vertical arrows in the latter figure.
< 120 with a standard setup (in open air) and with the chamber o
and were analyzed with a Rietveld program, FULLPROFhe performed on more than 50 crystals shows a significant

sample for electron microscopy study was prepared from the pristine strontium deficiency with respect to the nominal formula
material and directly stocked in the glovebox under argon flow. implying the cationic composition “SrCo; Nbg 1”. Several
The crystallites were gently crushed, using £@$ suspension hypotheses can be put forward to explain this strontium
liquid, to avoid as far as possible any trace of water. The flakes deficiency. Two of them seem more likely. The first one
were deposited on a holey carbon film, supported by a copper grid. yo.5\q \yith the fact that a part of SrO would not react with
The grid was put on the sample holder in the glovebox and carried cobalt and niobium oxides, such that, %20, Nbo O

) 2. 9ND0.1Us 35

up to the JEOL 200CX microscope under argon atmosphere. The Id be f ddi | hiah ith d
intensity of electron beam used in the course of the electron WOUId b€ formed directly at high temperatures, with second-

diffraction (ED) investigation was lowered at maximum due to the &Y @morphous phases such as SrO, Sr@nost probably
sensitivity of the sample. Thermogravimetric analysis (TGA) was SF(OH)Y, which is undetectable by XRPD. Nevertheless,
made with a SETARAM setup in flowing nitrogen gas. The oxygen starting from the nominal composition of;S€0; gNbg 107-5
content, 76, was determined by the iodometric titration in flowing  does not allow pure and well-sintered samples to be obtained.
argon gas with an accuracy af0.02. Details in the titration The second hypothesis would be based on a secondary
technique are given elsewhere. reaction occurring at the surface of particles examined by

Magnetic prpperties were inyestigated using a PPMS fgcility EDS analysis: the particles were indeed very small gm
(Quantum Desngn)._Magnetlzatl_on measurements were carried out; diameter) and might be highly Sr-deficient in the vicinity
with the DC extraction method in a temperature range of § K of their surface over a thickness s200 A. resulting in the

< 300 K and in magnetic fields up to 5 T. AC susceptibility was . .
also measured in an ac-field of 3 Oe with frequencies éf 1, global composition of $rC0LgNbo10s.35 according to the

and 18 Hz. reaction:

Results and Discussion SrCo; Nby 10 65+ 0.3H,0 —

Pristine Sample Sk-sC0;1.dNby107-5: Crystal Chem- St7C01. NBg 106 35+ 0.3Sr(OH) (1)

istry and Composition. Starting from the nominal composi- )
tion of SECoLdNbo107_s, the pristine pellets prepared with In the second hypotheS|s_, _such an ED_S _result Would_ not
the above experimental condition were well-sintered and "eflect the actual composition of the pristine phase, since
bluish black in color, indicating electronic delocalization, the mobility of SF* cations and KD molecules is not
However, no transport measurements could be made sinceSUfficiently high enough to diffuse homogeneously and reach
the samples reacted with atmospheric water very quickly andthis global composition throughout the sample pellet. Thus,
collapsed into a fine dark brown powder by exposure to air it iS not pqs§|ble to determine the exact value of Sr content
at room temperature. In contrast, the samples could be kepth the pristine sample, and we will keep the formula
in the glovebox for several weeks without any alteration of Sf-0C01.9NDo10s 655 in the following.
their properties. The XRPD and ED investigations, as well ~An ED study on this phase allowed the reciprocal space
as chemical analyses, were carried out on pristine “fresh” to be reconstructed by tilting around the crystallographic axes
samples in the absence of air (i.e., in argon flow or in a for the “as-synthesized” pristine sample, which was handled
vacuum). Nevertheless, short time of exposure to air of the as afore described. The ED patterns evidence a pseudo-
order of several minutes could not be avoided for electron tetragonal phase, with~ a, ~ 3.8 A andc ~ 20 A, where
microscopy and XRPD analyses in order to install the a,denotes a perovskite subcell. The intense reflections were
samples in the facility. found to obey théakl: h+k+I1 = 2nlimiting conditions; both

The oxygen content of this phase was determined with set of cell parameters arletype symmetry are consistent
accuracy by iodometric titration: §3s per formula. This with the n = 2 member of the RP series. The [110] and
result leads to an intermediate valency of cobalt between[120] ED patterns are shown as examples in Figure 1, panels
+3 and+4 (i.e.,Vco = +3.57), bearing in mind that niobium  a and b, respectively. However, diffuse streaky lines parallel
is pentavalent in the structure. However, the EDS analysisto the c¢* direction are visible, as indicated with vertical
arrows in the latter image. They correspond to the appearance
(7) Rodfguez-Cavajal, J.; Anne, M.; Pannetier RULLPROF Version of a superstructure Withlp\/Z X ap\/z, but it is poorly

May 2003 Laboratoire Len Brillouin: Saclay, France, 2003. coherent along the axis. Similar phenomena are rather

(8) Maignan, A.; Hebert, S.; Caignaert, V.; Pralong, V.; PelloquinD. )
Solid State Chen2005 178 868-873. commonly observed in the RP phases, as a result of
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Figure 2. X-ray powder diffraction patterns of the pristine RP oxide,
Sr3-9C01.dNbp 106 65-5, and its oxyhydroxide hydrate derivativezSCos o

Nbg 104 86-5(OH)3.040.4H:0. Both patterns are indexed in tlEmmmspace
group witha = 3.8483 A,c = 20.108 A for the pristine sample, amd=
3.786 A,c = 28.42 A for the hydrated sample. The red bars in this figure
indicate predicted peak position based onlghenmmspace group for both

the pristine and fully hydrated phases. High-temperature XRD patterns at
260 and 400°C are also shown.

0

Table 1. Atomic Coordinates of the Pristine RP Oxide,
Sr3-5C01.9Nbo.106 65-5°

atom Wyck. X y z
Srl Yol 1/2 1/2 0
Sr2 % 1/2 1/2 0.1827(3)
Co/Nb 3] 0 0 0.0997(5)
o1 2a 0 0 0
02 de 0 0 0.207(2)
03 & 0 1/2 0.087(2)

aSpace groupi4/mmm(No. 139),a = 3.8483(2) A,c = 20.108(1) A,
¥2=3.6,R = 12.5%.

superstructure and lowered symmeétiyphe ED investigation

Motohashi et al.

l

o e v o
(OH™/0%)
@ ?
(OH™/ H,0)
=28 A

o o\

Q
(b) hydrated derivative

Figure 3. Schematic illustration of the structural models of (a) the pristine
RP oxide, S¢sCo1 dNbo 106 65-5, and (b) its oxyhydroxide hydrate deriva-
tive, Sk-9C01.9Nbp.104.86-5(OH)3.040.4H,0.

(a) pristine n=2 RP

O sites since the reliability factor remains higRg gy =
12%) due to strong preferred orientation in the sample and
fluorescence phenomena from cobalt atoms.

Topotactic Reactions with Water: Oxyhydroxide Hy-
drate Derivative SI’3_5C01,9Nb0,104_85_,§(OH)3_04'0.4H20. By
prolonged exposure to air, the XRD pattern of the pristine
sample changes rapidly by reacting with atmospheric water.
In Figure 4, two strong peaks a2~ 32.2 and 32.9

excluded the existence of other RP members or intergrowth characteristic of the 105 and 110 reflections, respectively,

defects as a possible explanation for the Sr-deficiency (i.e.,
the analyzed cation ratio of §KC0; dNbyj). This result
supports the fact that the Sr-deficiency does not originate
from high-temperature phase formation but from room
temperature hydrolysis, resulting in the formation of amor-
phous Sr(OH)

The XRPD pattern of this phase (Figure 2) can be indexed

in a tetragonal cell, space groug/mmmwith the refined
cell parameters:a = 3.8483(2) A andc = 20.108(1) A.

in the RP oxide St ;Co; dNbg10665-9 have almost disap-
peared and at the same time new peaks have appeared around
6.2° and 33.8, within only 2 h. The latter set of reflections
being indexeddy, ~ 14.2 A anddy, ~ 2.66 A in the
hydrated phase. After exposure to air for 7 days, an
essentially single-phased compound was obtained whose
XRD pattern (Figure 2) was successfully indexed in a
tetragonal cell, space groug/mmmwith a = 3.786(1) A
andc = 28.42(1) A. Note that one observes a decrease in

These values are in good agreement with those obtained bythe a-axis length as previously observed in a similar
the ED analyses. A refinement of the crystal structure by compound. The diffraction peaks of this hydrated phase are
the Rietveld method leads to atomic coordinates as listed insignificantly broadened, indicating a deterioration of the
Table 1, characteristic of thea = 2 member of the RP  crystallinity of the compound. Moreover, one observes a very
cobaltite serie$,with a statistical distribution of cobalt and anisotropic profile of the XRPD pattern, indicating the
niobium in the structure. These results confirm the classical presence of strains and delamination of the lamellae. Thus,
structure model of the RP series (Figure 3a) but do not allow a refinement of the structure was unsuccessful for these data.
us to obtain an accurate occupation probability of the Sr and Nevertheless, this phase is isotypic to the titanocobaltite
SCop 7Tip305(0OH),-xH,O whose structure has previously
been establishedThus a structural model (Figure 3b) can
be proposed, where hydroxyl groups angOHmolecules

(9) Maignan, A.; Martin, C.; Van Tendeloo, G.; Hervieu, M.; Raveau, B.
J. Mater. Chem199§ 8, 2411.
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Figure 4. Evolution of the XRD pattern (30< 20 < 35°) recorded for the pristine sample with respect to air-exposure time. The pristine RP oxide has
almost been transformed into its oxyhydroxide hydrate derivative only mvhi inopen air.

form double layers[OH, kD] inserted between two [Sr(O,- characteristic of mica-like compounds, involving rotating and
OH)] layers, according to the formula 5SsCo; gNbg 1Xo—s tilting phenomena of the stacked lamellae [see weak intensity
with X = O, OH, and HO. of the kI (k = 2n) spots]. Since the crystallites have not
For ED investigations of this derivative phase, 10 crys- been mechanically handled between the first (the pristine
tallites of the pristine SrsCorgNby:10s6s5.5 phase were RP oxide) and second (its hydrated derivative) ED observa-
selected. They were then exposed to air for 2 h, kept mountedtions, it is probable that such a morphology results from the
on the sample holder, re-introduced in the microscope, andhydration mechanism of the present phase and its instability
re-characterized. The EDS analyses revealed no variation ofunder high vacuum.
the cationic composition after air exposure. However, phase At this point, to determine the chemical composition of
transformations were found to take place. It clearly appearsthe hydrated derivative, chemical and thermogravimetric
that the final state is not reached afgeh in air, and instead analyses were carried out. The iodometric titration of this
some intermediate states can be observed depending on theerivative phase reveals a significant decrease in the cobalt
crystallites. This feature is illustrated by three typical [100] valency ¥co) with respect to the pristine one, froh3.57
ED patterns shown in Figure 5. In the first one (Figure 5a), to +3.28. The thermogravimetric analysis for the hydrated
the majority phase is of the = 2-RP member, but the sample, carried out in nitrogen flow (Figure 6) shows a large
existence of weak and diffuse extra reflections indicates a weight loss occurring below about 48D It is difficult to
secondary phase being stabilized in the crystallite with divide the thermogravimetric curve into individual steps, as
a,~ 3.8 A,c~ 12,5 A, and a-type space group (marked the curve is smooth and complex. Nevertheless, the first step
with white arrows in the enlarged image). In the second ED that takes place below 15 is rather clear and attributed
pattern (Figure 5b), the majority phase is now fype to the departure 0f0.4 mol of “free water”, leading to an
phase, whereas there remain only weak spots associated witl@xyhydroxide form whose crystal structure is intermediate
the pristinen = 2-RP phase (see the enlarged image). Note between that of the pristine (Figure 3a) and hydrated phases
that the sharpness of the spots is diminished with regard to(Figure 3b). This hypothesis is confirmed by a high-
those of the pristine phase. Last, in the third pattern (Figure temperature XRPD study carried out at 28D (Figure 2):
5c), a set of nodes appears that corresponds to the finalthec-axis length is drastically shortened, and a new derivative
derivative phase witla ~ a, ~ 3.8 A, c ~ 28 A. The ED phase has appeared. On the other hand, the weight loss
pattern of the fully hydrated sample exposed to air for 7 days between 150 and 408C, corresponding to 1.52 8 per
is identical to the latter. The lack of stability of this formula, can be attributed to the destruction of OH groups
oxyhydroxide hydrate, which transforms rapidly into the RP in the structure, involving 3.04 OH per formula. Bearing in
structure under the electron beam, does not allow a completemind that the cobalt valence deduced from the chemical
reconstruction of the reciprocal space. Taking into account titration is +3.28, the formulation of the derivative phase
only the intense spots of the latter phase, the conditions ofshould be S 5Co1.9Nbp.104.86-5(OH)s.040.4H,0, in agree-
reflection suggest ahtype space group for the final phase, ment with the proposed structural model (Figure 3b) where
but a deteriorated crystallinity of the grains forbids a the “O, OH, HO” sites of the medium layers are half-
determination of the real symmetry. One indeed observesoccupied.
weak diffuse lines along the reciproceti axis, indicating A close structural relationship between the pristine and
that the periodicity is not perfect along this direction. its derivative phases strongly suggests that the reaction of
Moreover, it clearly appears that the latter phase is poorly the presenh = 2 RP cobaltite with water is topotactic. Thus,
crystallized since most of the crystallites exhibit ED patterns from the similarity to the action of water upon the iron oxide
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Figure 6. Thermogravimetric curve for the hydrated sample,
Sr3-5C01.9Nbo 104.86-5(OH)3.040.4H:0, recorded in nitrogen flow. The water
content §) was estimated from the sample weight loss, assuming that all
c=125 A of water molecules are completely released from the lattice at’@00
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is in fact a combination of these two sorts of reactions that
involves hydrolysis, hydration, and reduction of cobalt. The
global reaction can be written as:

Stz_5Coy NBg 106 655 + 1.92H0 —
St;_5C0y Nby 10, g5 5(OH)3 4,0.4H,0 + 0.135Q¢ (4)

011 Magnetic Properties of the Pristine and Oxyhydroxide
011 Hydrate Phases Considering a significant difference in the
structure and cobalt valency between the pristine RP oxide
Sr3-5C01.90Nby 106 65-5 and the oxyhydroxide hydrate phase
c=28A Si3_5C01.9Nbg 104 86-5(OH)3.040.4H,0, one can anticipate a
magnetic modification in the course of the topotactic reaction
with water. The temperature dependence of dc magnetization
Figure 5. Typical [100] ED patterns observed afte h exposure in air, (M) for the pristine RP phase, registered in a magnetic field

illustrating the structural transformation. (a) The pristine phase witmthe : : i :
= 2-RP structure. A weak spot from a secondary phase is indicated with a of 0.3 T (Flgure 7a)' suggests a typlcal spin glass behavior

right arrow in the enlarged image. (b) The intermedi#iype phase with with a freezing temperaturg, of 50 K. This statement is

c = 12.5 A, Diffraction spots from the pristine phase (indicated with a supported by a large hysteresis in th€H) loop at 5 K

Rght arrow) are now very weak. (c) The majorligype phase witfe ~ 28 (Figure 7b). In the pristine RP phase, the system is subject
' to magnetic frustration due to strong competing (i.e.,

SrNdFe0y-5,'° a topotactic hydrolysis/hydration can take ferromagnetic and antiferromagnetic) interactions and dis-

place according to the equation: ordering phenomena originating from the statistical distribu-
tion of Nb at the Co site and the presence of oxygen
St3_5C0y NBg 106 655 + (¥ + Y)H,O — vacancies.

St3-5C01.NBg 106 65-5-y(OH)zy 'Y HZO (2) Surprisingly, the hydrated sample is found to show a totally
different behavior compared to the pristine sample: a
“Brillouin-like” temperature dependence of magnetization is
seen (Figure 7a), clearly indicating that weak ferromagnetism
appears after reacting with water. In fact, t1éH) loop of

this hydrated derivative shows magnetization increasing
abruptly in low fields with a lack of saturation in high fields.
The maximum magnetization value of Qid/Co site in 5 T,
being much smaller than the value of the pristine oxide,
suggests that the latter is antiferromagnetic. A small spin
canting in low magnetic fields would create a ferromagnetic

Nevertheless, this equation is not sufficient to describe the
formation mechanism of the oxyhydroxide hydrate derivative,
since it does not account for the change in the cobalt valency
through the reaction with water. Thus, another reaction must
also be considered to explain the fact that the cobalt valency
has been accordingly reduced fro#t8.57 to +3.28. The
latter corresponds to the reduction of tetravalent cobalt into
trivalent cobalt by the action of # at room temperature,
observed in several layered cobaltites, as for instance for
CoOx:1t

1 . 1 (10) Pelloquin, D.; Hadermann, J.; Giot, M.; Caignaert, V.; Michel, C.;
Co0, + /;H,0 — CoOOH+ 7,0,t ®) Hervieu, M.; Raveau BChem. Mater2004 16, 1715
. ) . (11) Amatucci, G. G.; Tarascon, J. M.; Klein, L. @. Electrochem. Soc
The topotactic reaction of $r;C0; Nbg 106 65-5 With water 1996 143 1114.
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Figure 7. (a) Temperature dependence of dc magnetizatidnfor the i Do" 1
pristine RP oxide, SrsCoidNbg 106655, and its oxyhydroxide hydrate ) °
derivative, Sg-sC01 dNbp 104 86-5(OH)3.040.4H,0. The data were recorded 9 °
in a magnetic field of 0.3 T. (b) Thi! vs H loops & 5 K for the pristine g o
RP oxide and its oxyhydroxide hydrate derivative. - 100k hydrated derivative, |
= o
like component. Such a very different behavior in low fields E °
is best highlighted by the results of ac susceptibility as shown W °
in Figure 8. They'(T) andy''(T) curves of the pristine RP
phase clearly depend on frequency and a peak temperature
systematically increases with increasing frequency (see inset
of the lower panel in Figure 8). The frequency shift, defined 1
as ATw/[TmA(log f)], is determined at 0.04, which is 0% 10 200 300
comparable to the values reported for typical spin glass T(K)

materials'? For the hydrated derivative, on the other hand, Figure 9. Curie-Weiss plots for the pristine RP oxide, sS5Coyo-
the peak position#180 K) in the y'(T) curve does not  NboiOses-s, and its oxyhydroxide hydrate derivative, s§Cog
depend on frequency, being in contrast to the pristine RP Nbo.10 g6-(OH)a.040.4HO.

phase. A Curie-like temperaturéd) is determined at 200

K from the onset of/''(T) that corresponds to the appearance
of dissipation linked to weak ferromagnetisti This result
indicates that spin canting develops frow200 K. It is
worthy to point out that this transition temperature is much

higher thanTc = 150 K of the ferromagnetic perovskite
cobaltite, SrCe@ yNbOs-5.1>16Thus, the magnetic behavior
of the hydrated sample cannot be explained by a trace of
such perovskite impurities.

The Curie-Weiss plots (Figure 9) show very distinct
x~XT) curves for the pristine RP phase and its hydrate

(12) Mydosh, J. ASpin Glasses: An Experimental Introductioraylor
and Francis: London and Washington, DC, 1993.

(13) Mukherijee, S.; Ranganathan, R.; Anilkumar, P. S.; Joy, FRhys. (15) Motohashi, T.; Caignaert, V.; Pralong, V.; Hervieu, M.; Maignan, A.;
Rev. B 1996 54, 9267. Raveau, BAppl. Phys. Lett2005 86, 192504.
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derivative. Theue value calculated for the former (3.7&/ derivative, S§-sC01 N 104 56-5(OH)3.040.4H,0, by reacting
Co) could be explained by considering high-spinCand with atmospheric water at room temperature. The topotactic
low-spin Cd™, leading to an expected valugs = 3.47ug.t’ reaction with water not only changes the crystal structure
Nevertheless, the presence of large amounts of oxygenand intercalates OH groups and@®molecules by hydroly-
vacancy creates different kinds of oxygen coordination for sis—hydration but also concomitantly involves a partial
cobalt, which makes very hazardous any interpretations for reduction of C4" into Cco®*. As a consequence, a large
the spin state of cobalt. In this respect, the topotactic reactionnumber of OH groups is located on the anionic sites, in
with water most probably creates Cg@H polyhedra in contrast with other cobalt oxyhydroxides reported in previous
which the Ce-OH distance is larger than the €E® ones. literature>® More importantly, we have demonstrated that
This means that the majority €ocations may be considered the magnetic properties of the material dramatically change
as 5-fold coordinated rather than 6-fold. This tends to from a spin-glass behavior with a freezing temperaflye
stabilize the high-spin state €oas in the SiICoOCl ~ 50 K to weak ferromagnetism with Curie temperatiige
oxychloride!® which is an antiferromagnet witfiy = 330 ~ 200 K in the course of the topotactic reaction. Such a
K.1® As a consequence, the present hydrate derivative phaseossibility opens the door to the exploration of other
is probably a 2D antiferromagnet or a 2D canted weak members of the RP series, not only with cobalt but also with
ferromagnet with high-spin Co. The presence of Gb may other transition metal elements such as iron. This great ability
disturb the complete antiferromagnetic alignment setting at of water to induce a topotactic reduction of cobalt in layered
the origin of spin canting. The change in thél) curve cobaltites, in a simultaneous action with hydrolysis and
(Figure 8) could reflect the antiferromagnetic state induced hydration, should also be taken into consideration to under-

by the reaction with water. stand the superconductive properties of x8laQ,-yH,0",
_ which may as well form N&oO,—,(OH),yH,O or
Concluding Remarks Na(H30"),Co0,ryH,0O%2° with closely related structures.

In the present study, we have shown that a layered cobaltitecp1051334w
with the n = 2-RP structure, SrsCopoNbp10665-5, IS
immediately transformed into an oxyhydroxide hydrate
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