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Large thermopower in a metallic cobaltite: The layered TI-Sr-Co-O misfit

S. Hebert, S. Lambert, D. Pelloquin, and A. Maignan
Laboratoire CRISMAT, UMR 6508 assoeiau CNRS, ISMRA, 6 Boulevard du Meial Juin, 14050 CAEN Cedex, France
(Received 6 April 2001; revised manuscript received 5 July 2001; published 5 October 2001

The magnetic, transport, and thermoelectric properties of a Tl-based misfit cobaltite have been investigated.
Although this material exhibits a metallic behavior, the thermopd®eebeckis large, with room temperature
values close to+-90 u V/K. Compared to previously studied misfit cobalt oxid€3,C0,04,(Bi, Pb)SrCoQ
this Tl-based misfit is the only compound of this family which remains metallic and paramagnetic down to 2
K. On the one hand, this behavior emphasizes the importance of the edge-shared octahedra in thge€oO
for the thermoelectric properties of these materials. On the other hand, the absence of a magnetically ordered
state at low temperature explains the absence of low temperature negative magnetoresistance. It gives support
to a mechanism based on quantum fluctuations stabilizing the paramagnetic state rather than a magnetically
ordered state.
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Materials with a large thermopowdTEP) are potential (although their separating rock-salt type layers are of very
candidates for applications to convert heat into energy. Indifferent chemical natures Ca/Co/O or Bi/Pb/St/@xhibit
this respect, transition metal oxides have been the focus afery similar transport properties, with a reentrant increasing
recent investigations after the discovery of high figure ofresistivity at low temperatures along the conducting €00
merit Z in NaCo,0, single crystals (Z=S?c/«x where§ o, planes together with a large negative magnetoresistance,
andx are for Seebeck coefficient, electrical conductivity, andMIR= 100>< ((p(H)—p(O)]/p(0O)), reaching~—60% in 8 T
thermal conductivity, respectivelyThe NaCgO, structure at 2 K?
consists of the stacking of CgQayers with the Cdl type Consequently in both NaGO, and misfit cobaltites, the
structure, in which the edge-shared Go@tahedra form a CoG, layer plays a major role for the large TEP values but
layer of triangular cobaft.In the separating sodium layer the exhibits very different transport properties. In order to extend
occupation of the crystallographic site is only 50% and ran+this conclusion and to search for other misfit oxide with large
dom. Several explanations have been proposed to interpréiermopower, we have reinvestigated the properties of TI-
the large figure of merit of NaG®,.3~® First, the random  based misfit of formula Fl{ St §O]; 12000, for which only
and partial filling of the Na site may help in the reduction of resistivity data have been publishédn the present Brief
the thermal conductivity, necessary to obtain laigeby  Report, we report on the thermal, electronic, and magnetic
analogy with the so-called “phonon glasd.Second, the properties of this Tl based misfit cobaltite. In contrast to
thermopower is unusually large for a metal and severabther known misfit cobaltites CaCoO ar{Bi, Pb)SrCoO,
mechanisms have been proposed as the origin of such a largés oxide remains metallic dowo 2 K and does not exhibit
S The degeneracy of the €oand C4™ low-spin(LS) elec-  negative magnetoresistance. The existence of a paramagnetic
tronic states, induced by the competition of Hund’s rule cou-state, even at the lowest temperatures, is shown to be con-
pling and crystalline field, together with strong electron cor-nected with the lack of upturn in the resistivity at low tem-
relation could be responsible for the lar§é Thermopower perature in this TI-misfit cobaltite. Despite these differences
should also be enhanced in these cobalt oxides because iofthe low temperature background state, its thermopower is
the triangular geometry of the Co(planes which favors also characterized by a large value at 300 K. This result gives
magnetic frustration, as emphasized by Mernal’® Lastly,  support to the model based on a mixture of low-spirt‘Co
by using density functional calculations within the local den-and Cd" species, characteristic of the edge-shared £o0
sity approximation (LDA), the electronic structure of octahedra of the triangular lattice of cobalt: the correspond-
NaCgQ, has been proposédThe threet,y of LS cobalt  ing narrowa, 4 bandwidth yields a high value of the density
species orbitals are further splitted by the rhombohedral crysef states at the Fermi leVithought to be responsible for the
tal field in onea,y and twoe orbitals and by applying the Seebeck values.
TEP formula to this band structure, realistic valuesSafre The chemical preparation of the polycrystalline Tl-based
obtained. misfit cobaltite was previously reportédPolycrystalline

Interestingly, the misfit-layered cobaltites are also built ofsamples in the TI-Sr-Co-O system were prepared with two
similar Cd}, type layers as in NaG@,, but they are stacked steps. A precursor was firstly synthesized using a mixture of
with rock-salt type separating layers and the structural dis€0;0, and SrCQ. The reactants were weighted according to
cordance of their two kinds of sublattices make them com-a molar ratio Sr/Co of one. The mixture was ground in an
posite crystalé=® This class of cobalt oxides exhibits also agate mortar and heated in air at 950 °C for 24 h, for decar-
high Seebeck values and low thermal conductivity, but, inbonatation. Secondly, the thallium oxide,®k was added
contrast to NaCgD,, much lower electrical conductivities. according to the relative ratio TI/Sr equal to 0.6. The powder
This behavior is illustrated by the misfits {&0,04 (Refs. 9  was pressed in the form of bars, packed in an alumina finger
and 10 and Bi,,Phy,J SrO]; 0eC00,. 1 This misfit cobaltites and sealed in an evacuated silica tube. The samples were
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heated at 880 °C during 24 h and then slowly cod&@ h).
Magnetization data were collected with a commercial dc
SQUID magnetometdil.8—-400 K; 0< uoH=<5 T). A physi-
cal properties measurements systéPPMS from Quantum
Design was used to measure resistivify), thermopower
(Seebeck,9), and thermal conductivityx). Electrical con-
tacts were made of ultrasonic deposited indium oxn22
X 10 mn? bars of ceramic for the four-probe technique. The
sample holder used for thermopower and thermal conductiv-
ity has been previously describ&t. o5l
The x-ray diffraction pattern and transition electron mi-
croscopy observations of the as-prepared ceramic are com- 0.0
patible with a monoclinic symmetry. EDS analyses carried
out on numerous crystallites lead to the cationic composition T(K)
“Tl y.,SrCo” and in the following, for sake of clarity, this
phase will be written TISrCoO. It should be pointed out that
the cationic distribution is very homogeneous from part to
part of the bar. Moreover, within these preparation condi-
tions, the chemical reaction is very reproducible leading to
constant 0.4:1:1 ratios for TI:Sr:Co. All attempts to increase
the oxygen content by postannealing treatments under oxy-
gen pressure (150 atm,480 <600 °C) were unsuccessful,
if one judges by the absence of change in Thdependent
resistivity. In fact, the synthesis of these materials is very
sensitive to the internal oxygen pressure in the sealed tube
during the reaction. The JD5; decomposition in TO and Q
controls the oxygen partial pressure. Consequently, by keep- , , ) , , , )
ing constant the D5 quantity in the tube, the experiments 0 50 100 150 200 250 300
are very reproducible. By changing this internal pressure via T(K)
the use of different precursors, the thallium content can,
however, be modified. This chemical aspect is outside of the g 1. T dependent resistivity of the TISrCo@) and CaCoO
scope of this paper and will be published separately. Powdgfom Ref. 8(b) misfit cobaltites.
x-ray diffraction pattern can be described with the coexist-
ence of twoC centered sublattices with commanc, and through a minimum af,,,~75 K below which they exhibit

parameterd4.94 A, 11.38 A, and 97.8°, respectivelput 5 reentrant behavior shown in Fig(bl for Ca,C0,0. This

with two different incommensurate relatell parameters  omperature dependence contrasts with the positive slope
(5.01 A and 2.80 A A first structural model was already dp/dT>0 observed at alf for the Tl based misfit.

proposed. There is also a great analogy between the lattices The resistivity is not the only physical properties of
parameters for the present compound and those' of the thahSrCoO which differs from that of théBi, Pb)SrCoO and
lium free compound of general formula £20,0, which x- caco0 layered cobaltites. Fromdependent magnetization

hibits cholﬁe structural parameteré1.83 A, 10.76 A, (M) registered in 0.3 T, the inverse susceptibity’(T) has
p=98°).""" A structural study involving the aperiodic char- peen obtainedFig. 2) from which a clear paramagnetic re-
acter of the structure is in progress. Both models imply the

alternation along: of a rock salt type subsystefsublattice .
1) and of[ CoO,] layers(sublattice 2 displaying a distorted 3.0x10° ¢
pseudo hexagonal Cgiype structure §,~b,v3). Similari- 2 5x10°} _
ties in the structural parameters of TISrCoO and CaCoO in- -
dicate that the thicknesses of their sublattice 1 are close. The
block of rocksalt type layers is thicker in thBi/Pb)SrCoO

misfit cobaltite if one refers to the structural parameters
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The T-dependenp of TISrCoO shows that this compound 50107y
exhibits a metallic behavior down to the lowé&sof 2 K, p 0.0}
decreasing from 20 @dcm at 300 K down to 2.5 1 cm at 0 50 100 150 200 250 300 350 400
2 K (Fig. 1). This room temperature value is close to the T(K)
pan(300K) values reported for othdBi, Pb)SrCoO (Ref.
11) and CaCoO (Ref. 9 misfit cobaltites, p,,(300K) FIG. 2. T dependent inverse susceptibility (*) of TISrCoO

~10ml cm. However, resistivity values of the latter go (u,H=0.3T).
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FIG. 3. Isothermal T=5 K) magnetic fieldH) dependence of FIG. 4. T dependent thermopowéBeebeck, ') of two misfit
resistivity (p) for the Tl-based misfit cobaltite. Inset: corresponding cobaltites TISTCoQ®) and CaCo,0, (O) '
4 .

isothermalM (H) curve.

other misfits, i.e.(Bi, Pp)SrCoO and CaCoO. Reduction in
gime extending downat 2 K is deduced. The absence of the spin scattering at low temperature under magnetic field
magnetic ordering at low differs thus from the weak ferro- application was thought to explain the large negative MR of
magnetism ofBi, Pb)SrCoO(Ref. 11) and they 1(T) devi-  (Bi/Pb)SrCoO misfit and CaCoO which both exhibit mag-
ating from linearity for CgC0,0,.° From the slope of the netically ordered states at loW. In this respect, observed
x~X(T) curve(Fig. 2), the effective momenk.¢ is found to  metallic behavior together with the absence of a large nega-
be 1.14.5/Co for TISrCoO assuming that all cobalt sites tive MR even &2 K in the TISrCoO misfit is most probably
contribute equally to the Curie constant. This smally  linked to the absence of magnetic ordering phenomena.
value can be explained by considering a mixture of low-spin The existence of metallicity in the TISrCoO oxide down
Ca®"(S=0) and C8" (S=1/2; ues=1.73up) in the to very low temperatures and the absence of magnetic order-
TISrCoO misfit, yielding a ratio 57:43 for the €aCo*" ing makes this compound more similar to the other cobalt
species. oxide containing CoQlayers of Cdj type NgCoO,,° the

An interesting property of the misfit cobaltites is their most studied composition being=0.5' However, at very
large negative magnetoresistance which is connected witlow temperature, the resistivity behaves differently in these
spin polarized transport at temperatures below or close to thisvo compounds: the residual resistivity of NaQg is very
magnetic ordering transitions. But, as aforementionned, themall whenT— 0 K and corresponds to 5% of the room tem-
absence of magnetic ordering in TISrCoO precludes a largperature resistivity, independently of the quality of grain
negative magnetoresistance to be observed in the Tl baséundariey’ whereas in TISrCoO it goes down to only 15%
misfit. This is confirmed by they(H) curves showing that of the resistivity at 295 K a§—0 (Fig. 1). Sincep de-
the magnetoresistance under 7 T is small and positive reaclereases a3 decreases down to the loweBt the electron-
ing ~+1% at 5 K(Fig. 3). This is in accordance with the phonon scattering is weak at loWwin the TISrCoO which is
corresponding paramagnetic behavior attested by the lineacharacteristic of the strongly correlated system. For the latter,
ity of the M(H) curve (inset of Fig. 3. The samep(H) one expectpaT? temperature dependence, which is verified
behavior is also observed at 2 K. A positive and small MR isin the temperature range 20-150 K whereepends qua-
typical of metals and it originates in the cyclotron magne-dratically on the temperature as shown in the inset of Fig. 1.
toresistance. This behavior is characteristic of a Fermi liquid. For

At first glance, compared to the misfits CaCoO and>150K, p exhibits a quasilinear behavior as a function of
BiPbSrCo, the TISrCoO cobaltite exhibits differences in theT. Note that for NaCgO, the T?> dependence of is never
resistivity (absence of reentrant behavior at |Gy magne- observed which again emphasizes the existence of subtle dif-
tism (absence of magnetic orderingnd magnetoresistance ferences in their transport properties. Also, negative magne-
(positive with a small magnitudeNevertheless, despite this toresistance is reported for Nagy, (Ref. 18 which is,
different behavior, the “TEP” is not strongly affectedfig.  however, more metallic than TISrCoO.

4). For instance, although the room temperature value at These two different types of low temperature behaviors
300 K is smaller than that of G&o,0O4 (also shown in could be reconciled by considering the calculations of the
Fig. 4), S(300K) decreases only from125 uVK ™! to  electronic and magnetic properties of the oxide NaLJ
+90 uV K~ for Ca;Co,04 and TISrCoO, respectively. This But at first an hypothesis should be made. The Ck®ers
Svalue is still very large if one considers the metallicity of are very similar in both NaG@®, and TISrCoO and the sepa-
this compound. rating layers, partially filled Na layer or rock-salt tygél/

To our knowledge, the TISrCoO oxide is the first exampleSrO layers, play only a role of donors to the Cofetallic
among the misfit cobaltites to show a metallic behavior dowrlayers. According to the composite structure of the misfit, the
to 2 K. The absence of localization in TISrCoO even at 2 K,interaction between the sublattices is probably weak as in
suggests that the carriers mean free path is longer than NaCgQO, between Na and CoQayers. In first approxima-
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density and local spin density approximatipmpade by S=——In

tion, it seems thus reasonable to apply the calculatimtsl kg (93 X )
o )

Singh for NaCgO, (Ref. 6 to the TISrCoO misfit. From the 9a 17X
obtained electronic and magnetic properties, it appears that athere the C&" and Cd" number of configurations which
low temperature weak instabilities of itinerant magneticdepends on the spin configuratidiow-, intermediate-, and
character could be formed, but that the paramagnetic solutiohigh-spin statésandx is the concentration of ¢6,* leads to
could also be stabilized even@K via quantum fluctuations. a reasonable cobalt valency for TISrCoO misfit 0.68, i.e.,
The negative MR of NaG®, would thus reflect a magneti- v.,=3.68, by takingg;=1 andg,=6 for LS Cc"/Co*" in
cally ordered state whereas the positive MR, thel? be-  Eq. (1) and the experimental valug®®®K=+90uV K 2,
havior belowT<<100K, and the paramagnetic state in TISr-this model which does not take into account the peculiar
CoO is more compatible with a renormalized Fermi liquid splitting of thet,, levels in the Co@ layer is probably not
stabilized by quantum fluctuations. A metallic behaviompof realistic enough.
at low T for these cobaltites, would not necessarily imply a  The thermopower calculated from the LDA band structure
positive MR, whereas a reentrgnat low T would go with a  of NaCg,0, (Ref. 6 which takes into account the effect of
magnetic ordering and a negative magnetoresistance. rhombohedral crystal field is thus more correct and it gives
Finally, this study of the TISrCoO misfit demonstrates thats$*® K= + 110,V K 7%, i.e., a value very close to the experi-
a RT high positive thermopower value is always observed irmental oneS= + 100V K ~* observed for NaC®,. In this
layered cobalt oxides in which CgQayer is made of edge- scenario, the smaller TEP value measured in TISrCe@)
shared Co@octahedra. First, this is in strong contrast with xV K %, would reflect a decrease either in the DOS at the
the small negative thermopower value of the 1201-typeFermi level[N(Eg)] or in the band velocity. It should be
TISr,CoO;_; cobaltite (S=—10uVK™! in the metallic emphasized that in this framework, the TEP depends linearly
statg containing a Co@ layer derived from the perovskite on T but this is not what is experimentally observddg. 4).
(corner-shared octahedra like in cuprateith a Co**/Co** Nevertheless, the narrova;q band containing strongly
mixed valency? This difference can be ascribed to the LS electron-phonon coupled holes would be responsible for the
configurations of both CGg'/Co*" which are stabilized in the large TEP values of the cobalt oxides containing Qsipe
Cdl, type CoQ layer. Such a configuration is also found in layers such as NaG®, and misfit layered cobaltites. The
the TISrCoO misfit if one refers to the smallg value ex-  “light” itinerant holes in theeé are responsible for the more
tracted from the Curie-Weiss fitting af dependent inverse or less pronounced metallicity. Respective changes in the
susceptibility. As proposed in Ref. 6 and experimentally ob-handwidths and in the hole filling &sis varying could prob-
served by photoemission wofR the t,4 orbitals of the LS ably explain the low temperature differences from phase to
Co**/Cao*" are further splitted by the rhombohedral distor- phase and particularly the reentrant resistivity and the large
tion of the octahedron in ore, 4 orbital and twoe, orbitals.  negative magnetoresistance only observeBifPb)-SrCoO
Accordingly, even if the modified Heikes formula, and CaCoO misfit cobaltite.
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