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Anomalous Nernst effect in Lg gqMnO 4
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Nernst coefficient measurements ofylegMnO; (T,~265 K) are reported as a function of temperature
(100-320 K in moderate applied magnetic fields (038 <1.8 T). For T>T., our data can be accounted
for by the transport behavior of small polarons. We find the semiconductor to metal transition is dominated by
an increase in the hole density. FB=T,, an anomalous suppression of the Nernst coefficient was observed
when the field increased from 0.38 to 1.8 T. The giant magnetoresistance effect is attributed to a field increased
mobility of the charge carrier$§S0163-182€09)50214-2

The observatioh of giant magnetoresistancéGMR)  tion of AT. The most simple theory in the case of metallic
in La,_,PbMnO; followed by similar and more conduction with a single type of carrier is given?By
pronounced effects in other perovskites such as
R;_,D,>"MnO; (R=La,Nd,...;D=Sr,Ca...) has led to
an extensive investigation of several other physical Q=(m?k?/Bm)T[d7(e)/de]e=¢F, 2)
properties ™ Partial substitution of La by a divalent ion in
the antiferromagnetic parent insulator LaMnf@ads to the
presence of a mixed valency of M (t3,e;) and Mrf*  wherek is the Boltzmann constanty is the effective mass
(tggeg). Thee, electron(hole) can then hop to the neighbor- and 7 is the energy dependent relaxation time of the carrier
ing Mn*" ion via a “double exchange” mechani§rwhich ~ near the Fermi energyg. Q is normally expressed in units
mediates ferromagnetism and metallic conduction. In addiof NV/KT. To our knowledge, no attempt has been made to
tion to the “double exchange” model, several other measureQ in the manganites, the main reasons being the
model€~* including the role played by a Jahn-Teller type Smaliness of this effect and the difficulty of theoretically
electron-phonon coupling, have been proposed to further agnodeling the energy dependent relaxation time. In fact even
count for the appearance of a giant negative magnetoresi#? the case of the well studied highs cuprates, very few
tance occurring close to the paraferromagnetic transitiolatd’~>* are available. However, we undertook such mea-
temperature T.) and the associated semiconductor to metasurements on the manganite olggnO; which is
transition (SMT). However, a complete theoretical under- knowr??%to be a ferromagnet belo,~ 265 K and found
standing of these properties seems to be still lacking. Soman anomalous suppression of the Nernst coefficient in mod-
of the crucial experimental quantities that would be interesterate fields forT<T.. Our data indicate that in this com-
ing to determine in these materials are thermal variation opound the carriers are localized for>T, and the SMT is
hole density and mobility and their relation to the GMR, controlled predominantly by a change in the delocalized car-
which would improve our comprehension of the fundamentarier density. Furthermore, the GMR effect is dominated by a
mechanisms involved. rapid increase in mobility of the carriers in the presence of

Recently several attempts’® have indeed been made to the magnetic field.
determine these quantities by means of Hall measurements. Polycrystalline samples of l,gdVinO; were prepared by
However, the interpretation of Hall data is rather involvedsolid-state sintering of a mixture containing adequate quan-
especially in the case of magnetic materials such as these dtiies of La0; (99.99% and MnQ (99.5% as described
to the presence of a rather large anomalous term. In thigarlier’® The mixture pressed into pellets was repeatedly
respect it would be interesting to measure also the Nerngground and fired at temperatures which were increased pro-
coefficientQ, which is the ratio of the transverse electric- gressively from 980—-1200 °C. A final sintering was done at
field component to the thermal gradient and magnetic field1300 °C in air for a period of 36 h and furnace cooled. The

At appropriate experimental conditions, pellets were then annealed in oxygen at 850 °C for a period
of 24 h. X-ray diffraction(XRD), resistivity, and magnetiza-
Q=ud/HIAT, ) tion were carried out to check the quality of the sample, The

XRD pattern indicated a rhombohedral symmetry with no
whereU is the Nernst voltage measured,is the magnetic extra phase® The lattice parameters were found to &g
field applied perpendicular to the surfades the distance =5.475+0.001 A anda=60.57°. Comparing our data with
between the Nernst lead&T is the temperature difference those published earliéf,we estimate the oxygen content to
across the sample, anlds the sample thickness in the direc- be ~2.98.
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FIG. 1. MagnetizatiorM of LaygdVinO; as a function of tem-
perature. The upper and lower branches denote, respectively, field FIG. 3. Nernst coefficienQ as a function of temperature at
cooled and zero-field cooled data poirtisised M as a function of ~ three different magnetic fields.
Hat5 K.

leads according to Eq1). The error in the determination of
MagnetizationM as a function of temperature measuredQ Was estimated to be-0.2 nV/KT. The Nemnst coefficient
in an applied field of 0.01 T using a MPMS5 Quantum De-Of the sample as a function of temperature taken at three
sign superconducting quantum interference dev@@uip)  different magnetic field¢0.38, 0.92 and 1.8 JTpresents sev-
magnetometer is shown in Fig. 1. A sharp increasifor era}l .|nterest|n'g and original featurelslg. 3). The first most
T<275 K was observed indicative of a paramagnetic to &U'King result is the strong suppression@irom ~280 K to
ferromagnetic transition at arourB.~265 K. At 5 K, M 100 K, when the applied field was increased. Looking at the
increased rapidlyFig. 1 inset for H>0.1 T and saturated data taken at the lowest field of 0.38 T, we note that the

for H>0.5 T. The magnetic moment at5 T was 3.57 value ofQ increased rapidly from about 2 nV/KT at 310 K
wg/Mn atom. to a well defined maximum value of 31 nV/KT at 230 K

Resistivityp as a function of temperature, measured usin ollowed by a slow increase reaching a value of 35 nV/K T at

a standard a¢20 Hz) four-probe method and in a field of 10 K. Note the remarkable decrease in the valu® efhen
H=0 and 1.25 T, is shown in Fig. 2. IH=0, a SMT was H was increased from 0.38 to 1.8 T &sapproached and

observed with a maximum value pfat ~265 K (close to decreased further beloW, . For example, at 110 KQ was
T,.). In an applied field of 1.25 Tp reduced considerably reduced from 32.6 nV/KT to 9.95 nV/KT when the field

especially neal, and the maximum shifted to a lower tem- Was increased fron=0.38 T toH=1.8 T. For materials
perature. A giant magnetoresistance, GMR100(o without magnetic ordering, the measured Nernst voltage is

— polpo), as noted earlié? 28 in La deficient manganite, linear in applied field so that the value @fis independent of

was observed with a maximum value of around 35% at? according to Eq(1). One should note that in the case of
T~265 K. YBa,Cu;05, at 250 K (far away from the superconducting

The Nernst coefficient was measured in a constant rever ._r|t|cal temperature of 92 K and fluctuation effectsuch a

. 2 . .
ible magnetic field by soldering two thin gold wires placed 'néar behavior ol was found” in fields O<H<12 T. The

on the sample surface. The measured voltage was checkedaeﬂomalous behavior of the Nernst coefficient observed here
~320 K to be nearly Iihear iAT H. and distance between Must naturally be related to the para- to ferromagnetic tran-
T sition and the associated magnetotransport properties. This

will be more evident from the following discussion.

N ey We further note that the temperature at whighwas
- e H=0 1 maximum(close toT,.) shifted to higher temperatures as the
40 | + Hel2sT [A field strength was increased, a feature obsérvedhile tak-
e H ] ing the GMR data. One would think if we could increase
© 30 | §I - further the magnetic field, the maximum@aroundT; may
E X ] be completely suppressed and one might be left with a
g 20 | 3 monotonic increase or a fairly constant value@fsT de-
- i . creased. Unfortunately the available magnetic field, which
o 10k ] was limited to<2 T, did not allow us to demonstrate this.
I ] With the present incomplete understanding of the trans-
0 e . port properties of the manganites, the above data are difficult
100 150 200 250 300 to interpret quantitatively. We will make an attempt here to
T (K) discuss our findings in the light of recently reported data on

magnetoresistance and Hall effect on divalent substituted
FIG. 2. Resistivity as a function of temperaturehn=0 and  LaMnO;.
1.25T. For the sake of clarity, first let us discuss the data taken at
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H=0.38 T forT>T,. Though our data are available over a O T e o

narrow temperature range, one could deduce an activation . OF° ) A

energy ofAE=480 meV. ForH=1.8 T, a similar argument 4 3 .

gave a reduced value afE =206 meV. To account for these e jz .

data, we will assum@««= 7, the scattering time. In the case of R 3 .

small polarons, the carriers hop from site to site with a low S LE :

mobility u that is thermally activated. It is givéhby u g oE . .

~Uo(1/T)exp(—WIKT) whereW is the energy barrier that the Py S S I T

hopping carrier should overcome. U 7, then we deduce 100 o 0 20 0

that Q should increase wheh decreased, as was observed. TR

An increase in the applied field from 0.38 to 1.8 T, leads to

a decrease itV (we suggesW is the same adE) resulting @ .

in an attenuation of) and in resistivity. ;
Now let us look at the data foF<T, for H=0.38 T. The o

thermal behavior of was very different from that abovE.. i b :.

Initially, Q decreased from 31 to 22 nV/K T with decreasing 5 t ;:

T and then slowly increased aslecreased further. Note that o™ %

the small broad maximum at around 220 K was also ob- '\-’\M \

served in thep-T curveé’? and is not understood at present 0 fe NI

though it may be attributed to sample inhomogeneities. The 100 150 200 250 300

reduction inQ may be attributed t@partia) delocalization of T(K)

carriers resulting from a changeover from a small polaron rig. 4. (3 Giant Nernst effect (GNE)=—100(Q
behavior to a large polaron behavior resulting in an increase. g .1/Q, 5as a function of temperaturéh) Giant magnetoresis-

in the itinerant charact&and to a reduction in scattering of tance(GMR)= — 100(p »5— po)/po as a function of temperature.
carriers due to spin ordering. However, Bslecreased fur-

ther, Q began to increase though continued to decrease.

Hence the principal cause for the reduction gn (for ~ GMR corresponds well to a similar increase in GNE. To end
T<T,, in H=0) should be related to a substantial increaseour discussion, we might note briefly that our findings are
in the carrier density. On the other hand, when the appliedhot in contradiction with those reported®*’from Hall data.
field was increased to 1.8 T, for<T,, the value ofQ In the case of divalent substituted LaMa(O' .~ 240 K), it
reduced considerably compared to thatHsr-0.38 T, quite  was shown that the SMT resulted from a strong increase in
similar to the strong reduction ip resulting in a negative the hole density whereas the GMR could be attributed to
magnetoresistance. Hence, the data suggest that the GMRId increased mobility.

results from an increase in the carrier mobility. At these In summary, we have measured the Nernst coefficient of
fields below T., the magnetic moment increased rapidly LagggMnO; (T.~265 K) in moderate applied magnetic
(Fig. D indicating an increase in spin ordering. This would fields. ForT>T_, our data can be accounted for by the
considerably reduce the scattering of carriers resulting in &ransport behavior of small polarofs®*34 The SMT is
reduction in the relaxation rate as observed. A further in-dominated by an increase in the hole density. FefT.., our
crease iMQin H=1.8 T for 100<T<200 K, may be related data support the view that the behavior changes from small
to the influence of additional scattering in the presence opolarons to large polarons with increased itinerant character.
incomplete alignment of spins since the magnetic moment adn anomalous suppression of the Nernst coefficient Tor
these temperatures is still far from the saturation value. It is<sT. when the field increased from 0.38 to 1.8 T points out
interesting now to plofFig. 4@)] the thermal variation of that the GMR effect may be attributed to a field increased
—100(Q15 Qo39/Qo3s Where Q.5 and Qq3g are the mobility of the charge carriers. The present data when ex-
Nernst coefficients measured, respectively, at 1.8 and 0.38 fended to other materials in this class, and preferably in
at a given temperature, and call it a “giant Nernst effecthigher fields and lower temperatures and along with further
(GNEB)” in analogy with the giant magnetoresistance. theoretical inputs, should contribute to a further understand-
Though our GMR dat@Fig. 4b)] are taken in a smaller field ing of the scattering mechanisms controlling the magne-
of 1.25 T, the analogy is quite striking. The rapid increase intotransport behavior.
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