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The structure, resistivity, thermopower, and magnetic behaviors of two sets of samples_GBM@; and
CaMn,_,Mo,0; (0.04<x=0.08; 0.02<y=0.04) have been studied. All samples exhibit a magnetoresistance
effect. The high-temperature region of all samples can be fitted well by a small polaron hopping model. The
activation energy of Ru-doped samples decreases with doping while that of Mo-doped samples increases.
However, for the same Mn valency, the Mo-doped system exhibits ferromagnetism in contrast to the Ru-doped
CaMnQ;. The antiferromagnetic state of CayyRy, (05 has been confirmed by neutron diffraction. This
strongly suggests that the RuO-Mn** antiferromagnetic superexchange for low doping levels prevails over
ferromagnetic exchanges, i.e., MrO-Mn** and RG"-O-Mn3" interactions. These electron-doped oxides
exhibit large absolute values of thermopower at room temperdggebeck coefficientS|>100uV K 1)
accompanied by low values of their resistivityp<€0.03Q) cm) and thermal conductivity «
~5WK ™ tm™1). Therefore, they are good candidates for applicationstgpe legs of thermopower genera-
tors to be used at high temperaturds<300 K).

DOI: 10.1103/PhysRevB.67.024430 PACS nuni§er72.20.Pa, 75.30.Kz, 75.47.Gk

INTRODUCTION EXPERIMENT

Manganites with perovskite structure have been widely CaMn,_,RuO; and CaMg_,Mo,O; ceramic samples

investigated after colossal magnetoresistatC#R) was Were synthesized in the form of bars at 1400°C in air ac-
found in La_,BaMnO; by Helmolt et al® in 1993. The cording to the procedure detailed in Refs. 17 and 18. X-ray

basic mechanism for transport in these oxides is believed tBatterns were registered at room tempera(ERr‘E? b_y using a
be double-exchang@E) together with the Jahn-Telld¢dT) Philips diffractometer working with ClKK « radiation. Neu-
effect?® Most of the studies concentrated on the hole-dopedron powder diffraction data were also obtained, versus tem-
manganitesL; ,A,MnO; (x<0.5),""8 where L is a lan-  perature, for the CaMypRuo O3 composition, in Labora-
thanide andA is an alkaline-earth cation, while the electron- toire Leon Brillouin Saclay (France. The patterns were
doped manganites such s ,Ca -MnO; which corre-  recorded on the G41 diffractometex € 2.4266 A) from 1.4
spond to MAT-rich contents, have not been extensivelyto 300 K by steps of 5 K. All these data were refined by
studied since they do not exhibit magnetoresistanceising theFULLPROF program.
effects® ™ In recent years, the discovery of new ferromag- The magnetizatiotM data were recorded upon warming
netic (FM) metallic manganites Ga,L,MnO; and with a dc superconducting quantum interference device
Ca,_,Bi,MnO; (x~0.10) (Refs. 12 and 1Bhas attracted (SQUID) magnetometef0—5 T, 5—400 K. The resistivity of
much attention because it suggests the possibility of magnehe samples was measured using standard four-probe method
toresistance effects for electron-doped systems. The latter ifn a Physical Properties Measurements System Quantum De-
vestigation of the seriek,_,CaMnO; in the range 0.80 sign system(5—300 K, 0—7 J. The thermoelectric power
<x=<1 demonstrated thi¥. (TEP) and thermal conductivity measurements were carried
We know that theseA-site-doped oxided ; ,A,MnO;  out in the same PPMS Quantum Design system. The four-
with high Mr** content have a large absolute value of ther-point steady-state method with separated measuring and
mopower (S at room temperatur€. Since theirS value is  power contact§sample extremitiosvas applied to eliminate
increasingly negative with increasing temperature, these oxhe thermal resistances between the sink and the heater, re-
ides are interesting astype legs for a thermoelectric device spectively. The temperature gradient and voltage drop were
in air at high temperatur¥. It has also been shown that monitored using two separated differential chromel-
substituting the Mn site of CaMnQwith a high-valency constantan thermocouples. A typical temperature difference
metal (superior to+4) can induce MA" species and conse- across the sample was 1.5 K. The influences of the ther-
quently lead to CMR/?! So it is interesting to check if mopower of chromel, in the case of thermovoltage measure-
Mn-site-doped manganites would also have large abs@ute ments, sample radiation, and thermal conductivity of differ-
values in the low doping range. In this paper, we compare thential thermocouples, in the case of thermal conductivity
structure, resistivity, magnetism, and thermopower resultsneasurements, were carefully taken into account and corre-
between lightly doped CaMn,Ru0O; and  sponding corrections were made. The experimental setup
CaMn,_, Mo, O3, which are promising thermoelectric mate- was checked using reference samples and the error within all
rials. It is shown that these magnetic and nonmagnetic subrange of temperatures did not exceed absolutelyuV K ~*
stituted cations induce different properties in the low-doping(thermopower and ~0.1 W m 1K ~! (thermal conductivity
regime. or relatively of 5% of measured value.
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5.32 , The v dependence of the lattice parameters and volume is
similar for the three series, as illustrated Fig. 1, suggesting
~ 53yl the reasonableness of the assumption that Ru is pentavalent,
< > in agreement with previous observatidAg®?? Ther-

mopower measurements had indeed been used to estimate
the Ru valency® The room-temperature value Sfdirectly
depends on the carrier concentratiband gives therefore an
estimate of the doping cation valency. TEP measurements
had been performed in the system CgMiM 05 with
M=Nb, Re, Sn, and Ru. For Nb and R&", Swas ranging

from —80 to —120 uV/K at 300 K while S was close to
—320 wVIK for Sn**. As Sis equal to—140 uV/K at 300 K

for CaMny /R, 003, the valency of Ru was estimated to be

o
w
o

Lattice parameters
¢} [$)]
[ [
© [{e}

5.27 close to R@*.

Figure 1 also shows clearly that, in this valency range, the

3.90 3.95 400 perovskite cell remain® type, which isa>b/v2>c, i.e.,

Mn valency without the cooperative Jahn-Teller effect.
FIG. 1. Mn valency dependence of the RT lattice parameters Resistivity and magnetic behaviors

(@nd volume in insgt for the CaMn_,RuO; (circles, Although the substitutions of Ri or Mo®" at the Mn
CaMn, Mo, 0; (squares and Sm._,CaMnOs (triangles series.  sjte are both responsible for a valency change of Mn, the
The lines are only a guide for the eye. transport and magnetic properties are found to exhibit differ-

ent features. Figure 2 gives the temperature dependence of
RESULTS AND DISCUSSION resistivity of CaMn _,RuO; (x=0.04, 0.06, and 0.08All

samples exhibit insulating behavior at the lowest tempera-
ture. Under an applied magnetic field up to 7 T, the resistivity
In our previous studies, the results of the substitution agt |ow temperature shows a large negative magnetoresis-
the Mn site has been investigated on the basis of a “valencyiance. The resistivity ratio defined as(0)/p(H=7T)
effect. Substituting arM cation characterized by a larger (eaches 12t K for the x=0.06 sample. At the same time,
oxidation state than tetravalent in CaMpn®Oreates MT the doping with ruthenium induces an obvious decrease in
species that are able to participate in a WWD-Mn*"  yeqistivity. The resistivity &5 K of the x=0.08 sample is
double exchange responsible for the resistivity decreasq, gx 103 (. cm, two orders smaller than that of=0.04
weak ferromagnetism, and CMR properties. Nevertheles&‘,amme, 4.510° Q cm. From previous work&8we know
for M=Ru the situation is not so simple if one takes into tnat the transport mechanism at high temperature can be de-
account the possible RU/RWP" oxidation states encoun- scribed by small polaron hopping model. So we uged
tered for ruthenium in oxides. In order to clarify this point, — ot exp(WksT) to fit the high-temperature regiofL50—
the RT structural parameters of several CaMiRu,Os, 300 K) of the resistivity at zero field. The fitting parameters
CaMn, Mo, O3, and Sm_,CaMnO; (Ref. 2] series have  are Jisted in Table I, which shows that activation enewy
been refined in thePnma space group and compared. It jocreases from 45.4 meVx£0.04) to 36.2 meV X
should be pointed out that the cell parameters and unit-cell g og)  confirming the more conductive character induced
volume of t_hege manganites are very sensitive to th_e M’P)y the Ru doping. From the fitting results shown in Fig)2
valency. This is ex+pla|ned b{ the large difference of ionicit’can pe seen that at low temperature the fitting curves do
radius between M and Mrf*. By supposing pentavalent not agree with the experimental data, indicating some transi-
ruthenium, one can easily calculate the Mn valefigyac-  tjons with cooling. MagnetizatiofM) measurements demon-
cording to the chemical formulas Caff,,MN3*RWE O3  strate this point of view.
[v=(4-5X)/(1-x)], CaMri’; Mn3 Mo, O, [v=(4 Figure 3a) shows theM-T curves of all Ru-doped
—-6y)/(1-vy)], and Cq,xSm(Mn‘l‘fonT% (v=4-Xx). samples. At about 125 K, which is just the antiferromagnetic

Valency of ruthenium in CaMn;_,Ru,O4

0.04 FIG. 2. (8 p—T curves of
(b) o x=0

CaMn,_,RuO;. The solid lines
and the dashed lines represent the
curves at zero field and 7 T mag-
netic field, respectively. The resis-
tivity ratio po/p77(T) of x=0.06

is also given (right y-axig. (b)
Small polaron model fitting re-
sults, the open symbols are for ex-
perimental data and the solid lines
for fitting curves.

0 100 200 300 400 50 100 150 200 250 300
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TABLE |. Fitting parameters of the transport and magnetic flection of p-T curve fory=0.04 at about 100 K is caused by

curves. a magnetic transition. In Fig.(&), theM-T zero-field-cooling
— curve ofy=0.02 sample shows a peak at 75 K. The differ-
Composition A@cm)  W(meV) 0O (K)  ence between the zero-field-cooling curve and field-cooling
CaMnO, 269 104 54 curve is small compa_\red to the other comppund. The fit_ting
of the 1M-T curve[Fig. 5b)] shows that antiferromagnetic
CaMn, _,Ru,0; x=0.04 3.0%10° 45.4 —165 fluctuations dominate the paramagnetic regimé =(
x=0.06 2.00<10°° 40.0 —28 —13K). As the doping content increases to 4%, the transi-
x=0.08 1.46<10°° 36.2 39 tion temperature shifts to about 90 K, just near the inflection
_ temperature op-T curve. The difference between the ZFC
— 5 _
CaMn_,Mo,O;  y=0.02 2.56¢10 6.18 13 and FC curves becomes obvious. The magnetization in-

— -5
y=0.04  1.4510 10.5 53 creases and the fitting paramet@ris positive (53 K). All

these indicate that below the transition temperature there are
some ferromagnetic clusters existing in the system. As a re-
(AFM) transition temperature of CaMnQ the magnetiza- sult, the itinerancy of the electrons is reinforced below that
tion rises and keeps increasing with cooling. The zero-fieldtemperature, but the content of FM clusters does not reach
cooling (ZFC) curves and field-coolingC) curves also dis-  the percolation threshold. Therefore only a shoulder appears
perse at that temperature, which suggests that there is gn thep-T curve.
complex magnetic structure in the samples. With the increase
of ruthenium content, the magnetization is enhanced al-
though still small. We replotted the zero-field cooling curves
as 1IM~T relations[Fig. 3b)]. Above the transition tem- The emergence of ferromagnetism in the samples can be
perature the curves can be linearly fitted very well. The fit-explained by the fact that the high-valency dopants can in-
ting parameters listed in Table | show that the Curie-Weissluce Mri* species in the samples. As a consequence, the
temperature® in the relationy=C/(T—®) changes from double exchange between ffnand Mrf* can be estab-
—165 K (x=0.04) to 39 K &=0.08), which means that the lished. So at a certain temperature, many ferromagnetic clus-
magnetic interactions change from antiferromagnetic to ferters come into being in the system. With the increase in
romagnetic with doping. All these results indicate that ruthe-doping content, the number of FM clusters increases, which
nium induces ferromagnetism in the antiferromagnetic maenhances the magnetization. However, compared to the
trix of the samples. ruthenium-doping case, the magnetization of Mo-doped
For the Mo-doped samples CaMnMo,O; (y=0.02and samples is much larger(Table ). For instance,
0.04), the situation is somewhat different. The resistivity CaMny ggVl0g 003 and CaMp gRUy 03, Which both ex-
(shown in Fig. 4 goes through a broad minimum around 170 hibit a very similar Mn valencyyy,~3.96, show very dif-
K for y=0.02 and 200 K fory=0.04 and increases again ferentM values. The maximunM value under a 100 Oe
with cooling at lower temperature, while for Ru doping this magnetic field from the zero-field-cooling curve for the Ru-
minimum is expected to take place at higher temperaturesioped sample is 1:610 *ug, while that of the Mo-doped
The value of resistivity is much smaller than that of Ru-sample is 3.k 10 2ug. This suggests an antiferromagnetic
doped samples. Under an applied magnetic field, the resistivsehavior for CaMp_,Ru,O5; with x<0.06, contrasting with
ity of the samples is also strongly reduced, the CMR ratiothe FM properties observed for CaMn Mo, O; and also for
reaches 12 at low temperature for 0.04. With the increase other CaMn_,M,O; series withM =Nb, Ta, and W’ In
of molybdenum content, the resistivity decreases and exhiberder to check the magnetic state induced by Ru, neutron
its a shoulder on thg-T curve at about 100 Ky=0.04, Fig.  powder-diffraction experiments have been performed for
4(a)]. The fitting, which is done according to the small po- CaMn, gRUy 0dO3. The temperature dependence of the pat-
laron hopping model, shows that despite the fact that théerns shows that no structural transition occurs from 1.5 to
resistivity decreases, the activation eneWyincreases with 300 K (Fig. 6). The cell lattice remain®nmawith small
doping (Table ), which is opposite to the Ru-doping case. orthorhombic distortiorD =0.137 and 0.198 at 1.5 and 300
The magnetization measurements demonstrate that the i respectively(calculated from theD =33 (a;—(a))/(a)

Comparison between CaMn_,Ru,O3 and CaMn;_,Mo,04

0.0006  ° ' _ . ]
1 FIG. 3. (8 The temperature
0.0005 - (a) X< 0.08 dependence of magnetization of
— 0.0004 - 0006 CaMn,_,Ru0O3. The open sym-
3 H = 100 Oe bols represent zero-field-cooling-
p0.0003 0.000 curves, the solid ones represent
S o0002h 0 50 100;:’»2)200 250 300 | field cooling curves(b) 1/IM—T

curves. The high-temperature re-
gion can be linearly fitted well.

T S . . . . . s L] All data were registered under 100
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 Oe magnetic field

T(K) TK

0.0001 | x=0.04 - g

024430-3



L. PI, S. H’EBERT, C. MARTIN, A. MAIGNAN, AND B. RAVEAU

p(Qcm)

3
=

=

Intensity (arb. units)

0.1

0.01

0.20

0.15

0.10

0.05

0.00

PHYSICAL REVIEW B 67, 024430 (2003

) j i i " " FIG. 4. (& p—T curves of
CaMm,_,Mo,0;. The solid lines
and the dashed lines represent the
curves at zero field and 7 T mag-

E netic field, respectively. The right
g y-axis curves correspond to the re-
< sistivity ratio po/p,1(T) of y
=0.02. (b) Small polaron model
. ' . ’ . fitting results, the open symbols
0 100 200 300 400 100 150 200 250 300 350 400 450 are for experimental data and the
T(K) T (K) solid lines for fitting curves.
- (@) H =100 Oe 1 2t -
—o— y=0.02 ZFC 10+ .
r —=— y=0.02 FC 1 ~ —o— y=002 FIG. 5. (& M—T curves of
—o— y=0.04 ZFC P8 o y=004 P CaMn,_,Mo,0O;. The open sym-
- —— y=0.04 FC E § 6} E bols represent zero field cooling
% 4l ] curves, the solid ones represent
r 1 s field cooling curves(b) 1/M—T
=2r ] curves. All data were registered
r 7 o} . under 100 Oe magnetic field.
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T (K) T (K)
TABLE II. Comparison of magnetization and resistivity values between GalRuO; and
CaMn, _, Mo, O; with the same Mn valency. The magnetization values are obtained from zero-field-cooling
curves measured under a 100 Oe magnetic field.
VMn Doping content M mad 8) p (5K) (Qcm) p (300 K) (2cm)
~3.96 Ru, 0.04 1510 % 5.0x 10° 5.6x 1072
Mo, 0.02 3.x10°? 2.0 9.7x 1073
~3.92 Ru, 0.08 321073 1.6x10° 1.9x102
Mo, 0.04 6.1x 102 7.0x10°2 6.5x10 3
70000 ——
63000
56000 B
49000 B
42000 | mee— ] FIG. 6. CaMn giRUy o053 neu-
o tron powder diffraction patterns
85000 (A=2.4266 A), recorded from
ww [ 1.4 to 300 K. The intensity of the
21000 110 peak, characteristic of the

14000
7000

G-type AFM state, versu§ is also
given in inset.

24 2 40 48 56 64 72 80 88 96
2 Theta (deg.)
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X100 formula. Nevertheless, a clear magnetic transition is T T T

evidenced around 125 Kinset of Fig. 6. Below this Ty 0 L s
~125 K, CaMn oRUy 005 exhibits aG-type AFM state, the -407 7
magnetic moment is refined to 2.33(23 at 1.4 K(i.e., 78% -80 -
of the theoretical expected vajueNo FM component has -

been detected contrary to the case of,3@® MNnO;,% in < -1207 )}
agreement with the lower magnetization values registered fol=S -160 .
the Ru series than the Sm one. Thus, the magnetic charact¢= I ]
of RUP™ (4d%t3,;S=3) must be considered to interpret this 2007 ]
result. The antiferromagnetic coupling betweegwations, -240 T
R and Mrf* dominates clearly for lower doping con- -280‘ 4

tents. This interaction prevails over positive MRO-Mn**
and Rl?*(eg)—O—Mn:”(eé) magnetic exchange. On the
other hand, for molybdenum doping (®1o;d®), this non-
magnetic dopant does not couple with Mnand Mrf* ions. 6
It just indirectly induces ferromagnetism via the Rncre-

ation at the expense of the Kii-O-Mn** antiferromagnetic

-328

interaction. The effect of Mo doping is thus very similar in “'; 4 i
this respect to theA-site doping in the Ca ,SmMnO; -

system** This emphasizes the peculiar role of Ru: the domi- §

nating AFM interaction between Ru-O-Mn** explains = 2 ]
why the ferromagnetism in Ru-doped system is much weake! *

than that in the Mo-doped system for small concentrations. 0

But for larger Ru content, FM properties are found to be in
agreement with increasing numbers of ¥Mnin the matrix
that favor the FM Re"-O-Mn>" interaction. 0.012
For the same doping level, the amount of the ferromag-
netic phase inside the samples is larger in the case of Mc 0010
than that forM=Ru, and the resistivity of the materials |
tends to decrease because the dopants also increase the nu |
ber of Mr?™ carriers in the MA™ matrix, and the DE inter- 0.006
action reinforces the itinerancy of these carriers belgw 'ﬁ ' I
So by increasing the doping content, the conductivity is glo-  g.gg4
bally increased. Introducing M carriers in CaMn@ by .
A-site doping had also the same influenteBut for M 0.002
=Ru, the conductivity, especially at low temperature, is far -
smaller than that foM =Mo (Table Il). For the same Mn 0.000
mixed valency induced by small amounts of impurity, the
resistivity & 5 K for Ru-doped samples is several orders
larger than that for Mo-doped samplighich exhibit resis- T (K)
tivity values close to Ca ,SmMnO; with x<0.1 (Ref.
14)]. Obviously the antiferromagnetic coupling between L
Rw™ and Mrf* at low temperature in Ru-doped samples isg;n,\jucmtg’ ; nd factor ZT of CaMmbaRlooOs and
responsible for this big difference. Nevertheless, for higher - 020" 00042s"
Ru content the conductivity starts to increase as a result

0.008

0 50 100 150 200 250 300 350

FIG. 7. The temperature dependence of thermopower, thermal

cFeaches a certain percentage, this effect would become domi-

+ 3+ H H 0,24
the R *-O-Mn®" FM mteracupnsz._ nant, which decreases the activation energy rather than in-
On the other hand, the M# ions induced by the dopants creases it.

enhance the Jahn-Teller distortion in the materials and make

the system tend to form small polarons. The dopants play the

role of scattering centers inside the Mn network. Therefore, Thermopower

the activation energy should increase as the doping content These different magnetic behaviors for low doping of Ru
gets larger. For the Mo-doping situation, the fitting resultsand Mo are also reflected in the thermopower measurement
confirm that point. As for Ca ,SmMnOs;, the activation  results. TheS-T curves(shown in Fig. 7 have a change of
energy increases with doping. But for Ru-doped samples, thélope at 120 K for CaMgoRuy Qs and 110 K for
activation energy decreases with increasing doping contenEaMn, ,dVloy /03, Which are just their magnetic transition
We believe it is due to theg states of ruthenium that can temperatures, respectively. If  we plot  the
participate in band formation by coupling with ¥h (eé) d[In(p/T)J/d(2/T)-T curve, inflections can be seen at those
and contribute to make it broad@rAfter the doping content temperatures. This indicates that the electronic transport
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mechanism has changed because of the magnetic transitigserature. Furthermore, as in the case of Nalo a large

which also alters the behaviors of the temperature depeneduction ofp is expected in the case of single crystals,
dence of thermopower. The interesting point is that the abwhich could strongly imprové&.

solute value of the thermopower at room temperature of
these electron-doped materials is rather large, together with
low thermal conductivity. For CaMypRUp 003, Sat 300 K

is about —140 wVK™! and kx~5WK 'ml For In summary, we have synthesized two sets of samples,
CaMny ggM0g 105, Salso reaches about110 VK ' with  CaMn,_,Ru,0; and CaMnp_yMo,O;. In the low doping

k~3.5WK Im™ It is well known thatS is sensitive at range for both sets, the doping decreases the resistivity and
high temperature to the carrier concentration and follows théncreases the magnetization, which indicates the creation of

CONCLUSION

fomula ferromagnetic clusters with doping. This is consistent with
5 2 the pentavalent and hexavalent oxidation states for ruthe-

S— 7Kg (wﬂzonsa nium and molybdenum, respectively. Nevertheless, for low

3e n - ' dopant concentration, at the same doping level, Mo-doped

- F samples have much smaller resistivity and larger magnetiza-
in which N(E) is the density of states antlis the carrier tion. This can be explained by two features. First, Mo has a
density™® The smaller then, the larger théS. Although the  higher valency than Ru and creates a larger concentration of
doping content of the foreign cation in CalyyaMog 005 is  Mn®*, favoring a Mi*/Mn*" double-exchange interaction.
smaller than that in CaMyyRuy O3, the carrier concentra- Second, the antiferromagnetic state revealed by neutron
tion in CaMny ggM0, 003 is larger because the Mo valency is powder diffraction competes with FM interactions for low
+6 while that of Ru is+5.2%?? Therefore the Ru-doped doping levels in the case of Ru as exemplified for
sample has a largg§ value at 300 K. The large negative CaMn o/RuUy 0Oz, due to an AFM coupling between Ru
thermopower of these materials makes them valuable to band Mrf* ions. Another difference is that Mo doping in-
n-type legs for a thermoelectric device as previously reportedreases the activation energy while Ru doping decreases it.
for Ca_,La,MnO; manganite® In order to make a com- This can be understood by the fact that for Ru-doped
parison of their ability for application, we calculated their samples, theeg states of ruthenium can contribute to the
figure of merit,Z=S% p« (Fig. 7), wherep(T) is from Figs.  broadening of the band due to the

2 and 4 and5(T) and«(T) are from Fig. 7. It is known that RW*-O-Mn®*"<RuU*"-O-Mn** equilibrium. With large

the material that is suitable for application should have largehermopower, low thermal conductivity, and small resistivity,
S, small x, and small resistivity and be characterized by athese materials are good candidates for applicationstgse
large figure of merit. As can be seen, tA& value of the legs of thermopower generators to be used at high tempera-
Mo-doped sample starts to decrease with increasing temperaires (T>300 K).

ture (T>250 K), which is unsuitable for the application at
high temperature. In contrast, for the Ru-doped sample, the
ZT value is still increasing with temperature. Therefore, al-
though itsZT value at 300 K is rather smdlabout 0.01 but The authors are grateful to G. Andfer neutron diffrac-
not far from the value of NaGC®,, 0.032(Ref. 26], we can  tion experiments. L. Pi thanks the French Minister of Edu-
estimate that it would have a largéf value at higher tem- cation and Research for financial support.

ACKNOWLEDGMENTS

*Corresponding author. Email address: antoine.maignan@ismra.f’roY. Murakami, D. Shindo, H. Chiba, M. Kikuchi, and Y. Syono,
IR. Von Helmolt, J. Wecker, B. Holzapfel, L. Schultz, and K. Phys. Rev. B55, 15 043(1997).

Samwer, Phys. Rev. Letf1, 2331(1993. E. 0. Wollan and W. C. Koehler, Phys. ReM)0, 545 (1955.
2C. Zener, Phys. Re82, 403 (195)). 12H. Chiba, M. Kikuchi, K. Kusaba, and Y. Syono, Solid State
3A. J. Millis, P. B. Littlewood, and B. I. Shraiman, Phys. Rev. Lett. Commun.99, 499 (1996.

74, 5144(1995. 13|, 0. Troyanchuk, N. V. Samsonenko, H. Szymczak, and A. Na-

4S. Jin, T. H. Tiefel, M. McCormack, R. A. Fastnact, R. Ramesh, bialek, J. Solid State Cherd31, 144 (1997).

. and L. H. Chen, Sciepc264 413(1994. 14C. Martin, A. Maignan, F. Damay, M. Hervieu, and B. Raveau, J.
H. L. Ju, C. Kwon, Q. Li, R. L. Greence, and T. Vankatesan, Appl. Solid State Chem134, 198 (1997.

] Phys. Lett.65, 2108(1994. 153, Hejtmaek, Z. Jirk, M. Marysko, C. Martin, A. Maignan, M.
S. S. Manoharan, N. Y. Vasanthachaya, M. S. Hegde, K. M. Sa- Hervieu, and B. Raveau, Phys. Rev6B, 14 057(1999.

tyalakshmi, V. Prasad, and S. V. Subramanyam, J. Appl. I:)hysml. Matsubara, R. Funahashi, T. Takeuchi, S. Sodeoka, T. Shimizu,

76, 3923(1994).
'G. C. Xiong, Q. Li, H. L. Ju, R. L. Greence, and T. Venkatesan,17BanFSI K. Uer::),'\,:p;:; Ph)é:s.l\l;lett?, :IS\;SZ;(ZOQD' dA Mai
Appl. Phys. Lett66, 1689(1995. . Raveau, Y. M. Zhao, C. Martin, M. Hervieu, and A. Maignan,

83. K. Singh, S. B. Palmer, D. Mck. Paul, and M. R. Lees, Appl. J. Solid State Cheni49, 203 (2000.

Phys. Lett.69, 263 (1996. 18B. Raveau, A. Maignan, C. Martin, and M. Hervieu, Mater. Res.
SW. Bao, J. D. Axe, C. H. Chen, and S. W. Cheong, Phys. Rev, Bull- 35 1579(2000.
Lett. 78, 543 (1997). 19C. Martin, A. Maignan, M. Hervieu, B. Raveau, and J. Hejt-

024430-6



COMPARISON OF CaMp Ry O3 AND CaMn,_ Mo, 05 . .. PHYSICAL REVIEW B 67, 024430 (2003

manek, Phys. Rev. B3, 100406(200J. 23C. Martin, A. Maignan, M. Hervieu, B. Raveau, Z. JraM. M.
20A. Maignan, C. Martin, M. Hervieu, and B. Raveau, Solid State ~ Savosta, A. Kurbakov, V. Trounov, G. Andrand F. Boure,
Commun.117, 377 (200])_ PhyS. Rev. B62, 6442(2000.

24 . . .
21 . . . C. Martin, A. Maignan, M. Hervieu, C. Autret, B. Raveau, and D.

A. Maignan, C. Martin, C. Autret, M. Hervieu, B. Raveau, and J. .
d I. Khomskii, Phys. Rev. B53, 174402(2007.

- Hejtmanek, J. Mater. Cher.2, 1806(2092)' 25A. Maignan, C. Martin, F. Damay, B. Raveau, and J. Hejtmanek,
P. D. Battle and C. W. Jones, J. Solid State Ché&®. 108 Phys. Rev. B58, 2758(1998.

(1989; P. D. Battle, T. C. Gibb, C. W. Jones, and F. Studer, J.26 Terasaki, inProceedings of the 18th International Conference
Solid State Cheniz8, 281(1989; P. D. Battle, C. W. Jones, and on Thermoelectrics (ICT'99), Baltimore, 1999EEE, Piscat-
F. Studer, J. Solid State Che®0, 302(199)). away 2000, p. 569.

024430-7



