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We report the results of thermoelectric pow@EP) of a Cr doped LgsPhygMn; ,Cr,05 (x=0-0.45)
system measured both in the presence and the absence of magnetiB ficldb(T). The small field depen-
dence of the Seebeck coefficient is observed around the metal-semiconductor traigibntemperature
(Tp) of the samples. The field dependence of TEP is stronger in the undoped sample. It is noticed from the TEP
data that the small polaron hopping conduction mechanism is valid for all these safopl@s>T,). The
polaron radiusr, is found to decrease with increase of magnetic field. Low-temperghaiew T,) field-
dependent and field-independent TEP data can be fitted Stl$,+ S;,T¥2+ S,T* suggesting that the
electron-magnon scattering strongly affects the low-temperdéteremmagnetic phagelrEP data of the man-
ganites. Activation energy gradually increases with increasing Cr concentration both in the presence and the
absence of magnetic field. Field-dependent thermopower also indicates the importance of spin fluctuations
affecting the phonon scattering. Power factBf/p) estimated from the Seebeck coeffici¢8t and resistivity
(p) (at zero and 1.5 T fie)dshowed a minimum around the MST temperature similar to the field-dependent
thermal conductivity data.
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[. INTRODUCTION of merit ZT=S?T/(p«k), wherex is the thermal conductiv-
ity, p is the electrical resistivity, and is the absolute tem-
The antiferromagnetidAFM) insulating (semiconduct- perature. The Seebeck coefficid® of the manganite sys-
ing) oxides such aRMnO; (R=rare earth elements such as tem shows very complicated behavior indicating both
lanthanum of current interest can be driven to ferromagneticpositive and negative signs depending on the temperature as
(FM) metallic state by partial substitution of the trivalent rarewell as on the degree of substitution that determines the car-
earth by divalent metat? The basic structural, magnetic and rier density of the system. In the low-temperature metallic
transport properties of these oxides viz;LgA,MnO3; (A phase, TEP is related to the changes in electronic structure
=Sr, Pb, Ca, et¢>~® were widely studied in recent past. For and scattering process. In the insulating phaseT,), the
a wide range of doping (02x<0.5), there is a semicon- temperature-dependent TEP data can provide information on
ducting to metallic transitiofMST) with the lowering of the energy dependence of the parameters governing the high-
temperature. The high-temperatiedbove MST temperature temperature charge transport through the small polaron hop-
Tp) semiconducting phase showed paramagn@id) be-  ping mechanism.
havior, while the low temperaturgelow T;) phase exhib- Recently the Pb doped La-Mn-O system has been elabo-
ited ferromagnetic and metallic character. The magnetic antately studied by other research gréupecause of its high
other properties of these compounds have traditionally beemagnetic ordering temperature around room temperature. It
explained in terms of the double exchar{&) mechanisnf,  was found that doping at the Mn sites with forgein elements
which considers the magnetic coupling between*Mmnd  generally decreases Curie temperatlieand metal semi-
Mn** ions. Recently, thorough investigation has been madeonductor transition temperatufg . Both concentration and
showing evidence in favor of strong electron-phonon cou-hature of the doping element are found to have large effects
pling due to Jahn-Teller effect of the Nih ions which has on T, and other properties. The doping element can be biva-
also been considered to play a key role in the transporent such as M§,Cu,’ Ni,*° zn? trivalent such as At! Fe
mechanism of these manganifeShe great structural anal- Co.'%*?Cr2*3and also tetravalent TiRef. 19 etc., but
ogy between superconducting cuprates and the colossal magEP data(both in the presence and absence of magnetic
netoresistivelCMR) behavior of manganites suggested thatfield) of none of these doped samples were thoroughly ana-
the magnetotransport properties of the later should be sendiized. Again, among the various doping impurities, Cr dop-
tive to the doping at the manganese sites. The study of thig has a spectacular effect on the transport properties, which
effects of Mn site doping with other elements is expected tcstimulates more research on these Cr doped samples. Barn-
provide important clues to the mechanism of CMR behaviorabe et al® found that among the various doping elements,
Among various aspects of transport studies in these materiafsr is the most efficient one to induce MST in the charge
showing MST, thermoelectric powéFEP) has also attracted ordering system. Raveaat al!’ also observed that Cr sub-
much attention as it is sensitive to the nature of charge casstitution on such system such ag Ea sMnO; can induce
riers, their interaction with spins, and also to the thermalMST without applied magnetic field. Since electronic con-
conductivity of the material through the thermoelectric figurefiguration of CF* and Mrf* are identical, Cr can replace
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FIG. 1. Thermal variation of Seebeck coeffecie(® of o o

Lag sPhy sMn;_,Cr,05 with x=0.0, 0.075, 0.15, 0.3, and 0.45 FIG. 2. Thermal variation of resistivity p) of

(without showing MST. Lag sPky sMn; _,Cr, O3 with x=0.075, 0.15, 0.3, and 0.4fot
showing MST).

Mn and affect the DE interaction between #nand Mrf+*.
As with conductivity and magnetic measurements, TEP issample, i.e., LgPh, sMnO; agrees excellently with those
also expected to depend on magnetic field and can also preptained by Mandaf who studied TEP of this sample in
vide interesting information about the mechanism of chargeypsence of magnetic field. It is seen that for the Cr free
transport in the system. o sample, there is a change over in the sign of Seebeck coef-
In this paper, the effect of Cr substitution on the thermo-ficient (S) with the change of temperature. This is a signature
electric power and power factor of &Py sMny xCrOs o the change in the nature of charge carrier. Interestingly, for
(OO<X<O45) have be-en studied. ThETEP data of thethe heaVily Cr doped Sampl@\/lth X>O.3), Sis positive
samplemeasured both in presence and in absence of maQﬁroughout the measured range of temperature. It is interest-

netic field have been c.rmcally "’.‘”a'yzed- Tempe.rature—ing to note that the magnitude 8fincreases with Cr doping
dependent Seebeck coefficiefit®th in presence and in ab- .~ . : o o )
similar to the increase of resistivity with increasing Cr con-

sence of magnetic fieldof different doped samples have tent (Fig. 2 indicating the importance of impurity scattering

been fitted with the theoretical model. o . ) . .
with increasing Cr ion concentrations. Figure 2 shows the

resistivity curve for some typical chromium doped samples,
where the peak temperatureT, indicates metal-

Polycrystalline LgsPhyMn;_,Cr,05 (0.0<x<0.45) semiconductor transition. FOF>T, the samples showed
samples of uniform grain size were synthesized by convensemiconducting nature, but far<T,, the samples indicated
tional solid state reaction method discussed eaffiéppro- metallic character. For these samples, the ferromagnetic to
priate amounts of LACOs);, PbO, Mn(GHs0,), and paramagnetic phase transition temperat(Cerie tempera-
Cr,0, (each of purity>99.99%) were mixed and preheated ture Tc) lies in the vicinity of T,.* But the highly doped
at 500°C for 5 h. Then they were grounded and heated g@mples(for example, withx=0.45) showed no such MST
900°C for 70 h with intermediate grindings. The powderand it behaved as a semicpnductor throughout the tempera-
thus obtained was annealed at 900 °C for 24 h and furnaciire range of our investigatio50—80 K. Figure 3 shows
cooled. The phase purity of the samples were checked b€ temperature-dependent TEP both in the preseiice (
powder x-ray diffraction(XRD) using CiK« radiation at =1.5 T) and absenceB(=0.0 T) of magnetic field for the
room temperature. The XRD patterns proves that all thdhree typical Cr doped samples. It is seen from this figures
samples are in single pha¥eResistivity (p) was measured that application of a magnetic fieldB&1.5 T, maximum
by conventional four probe technique. Thermoelectric powefange of our investigatiorcauses a decrease of Seebeck co-

was measured by standard differential technique in the goefficient (S) nearT,. Decrease inS| nearT, is associated
300 K temperature range. with the magnetoresistand®R) effect. Thermal variation

of magnetothermoelectric powefMTEP) (AS/Sy=|(S,
—S;5/S9X100%) plotted in Fig. 3 indicate a large
anomaly aroundT,. It is interesting to note that the field

Figure 1 shows the thermal variation of thermoelectricdependence d§(T) is limited aroundT, or T.. Analysis of
power (TEP) of Lag sPhysMn;_,Cr,O5 with x=0.0, 0.075, the experimental results has been made in the following sec-
0.15, 0.3, 0.45. The TEP cur¢Eig. 1) for the chromium free tions.

II. EXPERIMENTAL

Ill. RESULTS
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500 supports the gradual increase in the resistivity with doping of
400 Cr* as doping of Ct" localizes more and more;
] electrons:*
z 1300 It is known that very little attempt has so far been made to
- ” study and explain the field dependent TEP of the manganite
2 120 5 sample$? The feature of temperature-dependent transport
e l100 °© property of this system can be qualitatively understood in
terms of Mott’'s formula for charge contribution to the See-
= —Zoo beck coefficient in metads viz.
150 S=—(7?KgT/3e) o’ (er) o(€p), )
x wheree is the electronic charges;(eg) is the conductivity at
Z {300 & the Fermi level, an@' (e¢) stands for §/de)o(€). The ob-
e P served decrease faroundT./T, in presence of magnetic
1150 = field can be attributed to the increase in conductivity due to
the phase transition to the metallic FM st&te due to the
10 decrease of resistivity with the application of magnetic field
—500 provided that the change of (eg) or the phonon-drag effect
1400 is regarded as a minor contribution. The large MTEP peak
nearT./T, suggests its correlation with MR effect. It is in-
< 1300 > teresting to note that the field dependenc&(r) is limited
i ol 1200 g toa small temperature range néar/T,, whereasp(T) re-
= B / a tains its field dependency to a much lower temperayure
® (c)x =0.15 F'\g}g 1100 range? Though several attempfshave been made to explain
I b QX lo this behavior on the basis of individual grain contribution to
8L , ) : thermopower and resistivity, but the total picture is still not
75 150 225 300 clear. Thermoelectric power is usually less affected by the
T (K) ?rains since heat flow from grain to grain is additive in na-
ure.
FIG. 3. Temperature dependent Seebeck coeffedigntand In recent years, there has been extensive discussion on the
magnetothermoelectric power for {. gty sMn; ,Cr,O3 with x= polaronic transport in the high-temperaturéXT,) para-

(@) 0.0, (b) 0.075, andc) 0.15 atB=0.0 and 1.5 T magnetic field. magnetic phase of this type of systéfif®> We also noticed
that the high-temperature TEP data fit very well with Mott's
IV. DISCUSSION well known equatioff of Seebeck coefficient which has the
' form
A. High-temperature (T>T,) TEP data

. o _ S=kg/e[Eg/kgT+a'], (2
It is quite justified to assume that the electronic structure

of the doping element plays a crucial role in explaining thewhereE; is the activation energy obtained from the TEP data
TEP data of the La-Mn-O system. The dopant Cr is a neighanda’ is a constant, where’ <1 suggests hopping due to
bor of Mn in the periodic table and normally in the perov- small polaron ande’>2 suggests the existence of large
skite system Mn and Cr ions exist in the form off€rand  polaron®® Figure 4 shows th&vs 1/T curve for some typi-
Mn3" and M (Ref. 19. Their electronic structures are cal Cr doped sample witk=0.075, 0.15, 0.3 both in the
Cr3+:t§’2 (S=3/2), Mn‘”:tglz (S=3/2), and Mr’ﬁ:tglzeé absence and presence of magnetic field. The solid lines in
(S=2), among whicte] electron of Mii* is the only elec-  Fig. 4 give the best fit curve to E). From the slope 05
tronically active electron. Due to nearly same ionic ragiii, VS 1/T curves, we obtain the values of activation enegy
the doped Cr ions replace Kih ions in the form of c¥+.  for all the samples. The values of obt_aln.ed from flttlng
Hence with Cr doping, M /Mn** ratio decreases and the the curvegboth at 0.0 and 1.5 T magnetic f|elalre_shown in
presence of G in the MrB*-O-Mn** network structure Table I. The values of activation energl ) obtained from
disturbs the lattice. Again, as Mh and C#* are isoelec- the fitting of high-temperature resistivity data with Motts
tronic, there should be ferromagnetic double exchang&d- (3 Viz.,
(FMDE) interaction between M1 and CF*. But it is also o T extE- JkaT 3
known that the strength of Mi-O-Cr**, double exchange p=poT eXp(Ep/keT) )
(DE) interaction is smaller than that of Mh-O-Mn** (Ref.  are also displayed in Table (at zero and 1.5 T fieldfor
21). Hence with Cr doping, the effective DE interaction be- comparison. It is clearly seen from Table | that activation
came weaker, resulting localization of only electronically ac-energies Es andE,) gradually increase with Cr doping both
tive eIectroneé of Mn®*", which again causes the gradual in absence and presence of field. InterestinBly,obtained
shift of Seebeck coefficiers towards higher positive value from thermopower measurement is nearly one order of mag-
with increasing Cr dopingFig. 1). This explanation also nitude smaller than that,) estimated from the resistivity
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24f (a) . s;B-0.0T basis of localization of charge carrieeé(electron of Mi*
20p x=0.3 ion) as discussed above. For a fixed Cr conteff (hagnetic
IrE field decreases the activation energy. This may be due to
~ 160 o e 1 . o
X ke f delocalization ofe; electron, which decreases the activation
Z 2y :’E 12 : energy. UnlikeE,, E varies slightly with Cr content. Simi-
Y 8t f © g o 8;8u16T lar result was also reported by othéfsChange oW, with
4l 3 5,804 06080572 field, implies an increase of the radius of the polaron with
ol TR field>> which is also supported from the relation due to
8 (), m S;B=0.0T| MOU:Z3
j .rb\-....::_"" ° Wy =e/4e(1lr ,— 1R), (4
< T 12“’),,’;%%% wherer, is the polaronic radius and it is found the{,
;1 o} ’ij . f varies inversely withr ,, which also supports that polaronic
o 4l s sl radius increase with field. From the calculated values of
[ ¢ P Lf = sseersT from Eq. (2) for both 0.0 T field and 1.5 T field, we find
8| " LT a'<1. This supports small polaron hopping conduction
Al(©) ! P"‘-- s;B-0.0T valid for the present systeffiMoreover, increase af’ with
L mad g 0-079 field, is a strong evidence in support of our claim thgt
[ f. o '}gm% increases with magnetic field.
— | — 3l
§ ol E é 0 7 B. Low-temperature (T<T,) TEP data
c‘f -4t f @ :Z f » smar It is to be noted that strong temperature dependenc® of
-6} § 060905080513 and the appearance of broad maxima in FM phase have not
sl LT KD been analyzed in detail to ddfé. Unlike the high-
0.004 0.008 0.012 temperature T>T,) paramagnetic phase, there is no stan-
1/T (K" dard theoretical relation to explain the TEP data correspond-

ing to the FM phase. Similar to electrical conduction, several
FIG. 4. Variation of thermopowe§ as a function of inverse factors viz. impurity, complicated band structure, electron-

temperature 17 for Lag sPky sMn; -, CrO3 with x=0.3(a) and(b),  electron, electron-magnon scattering, etc., affect thermoelec-
x=0.15 (c) and (d), x=0.075 (¢) and (f) above the metal- tric power data. Though the picture is still not very clear, it is
semiconductor transitiofMST) temperatures. The inset curvi8,  quite justified to assume that the electrical conduction and
(d), (f) represent the data taken in presence of magnetic Beld hermoelectric power data are closely related to the similar
=1.5T. Solid lines are the best fit to the Mott's SPH mofted). mechanism. According to the analysis of SnydﬁTaI.ZS and
21 Urushibaraet al,” the low-temperatureT<T,, FM phasg

conductivity data is dominated by electron-electron scatter-
data. The reason for this discrepancy as originally pointedng term (T? dependency An additional T*® contribution
out by Mott and Davi&’ is the thermal activation nature of was also included by Snydeet al?® and the authors de-
the hopping transport at high temperature. The differencenand that this additional contribution was due to electron-
between the experimentally determined activation energy fomagnon scattering process. On the other hand, Urushibara
the resistivity and thermopower is then the polaronic hop-et al?® showed that this contribution is actually due to spin
ping energyW,=E,—Es. The estimated values of/,; at  wave scattering and the electron-magnon scattering process
0.0 and 1.5 T magnetic field are shown in Table I. It isis better expressed by tHE?® dependency’ We have ob-
observed that all the parametdtg, Es, andW, increase served from the present experimental data that in the low
with increasing Cr doping which can be explained on thetemperature FM phase, & ° dependencéelectron-magnon

TABLE I. The values of activation energies estimated from conductiviy) (and thermoelectric power
(Eg) of LagsPhysMn,_,Cr,O5 in the presence and absence of magnetic field. The estimated values of
hopping energy\(Vy) and the constant termy() are also given for different samples both in 0.0 and 1.5 T

field.
E, (meV) Es (MmeV) Wy (meV) o’

X 00T 15T 0T 15T 0T 15T 0T 15T
0.0 107.3 101.3 8.54 6.62 98.76 94.68 —0.38 -0.31
0.075 111.56 102.98 12.65 11.09 98.91 91.89 —0.56 -0.49
0.15 117.47 108.73 14.45 13.51 102.99 95.22 -0.62 —0.59
0.3 123.00 115.64 14.98 14.28 108.02 101.36 —0.54 —-0.52
0.45 172.00 169.97 15.06 14.43 156.94 155.54 —0.53 —-0.51
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Magnetic field =0.0T Magnetic field =1.5T type of manganites as in the case of electrical conduction.
4 The origin of theS,T* term is still not clear. It may be due to
x=09 x=0.4 spin wave fluctuation in the FM phase, as discussed by
M%‘x Urushibaraet al?® to explain their low-temperature conduc-
. tivity data. Though several authé?<® obtain an additional
-2t T | % T45 (spin wave scatteringsontribution to explain conductiv-
[ (a) P [ (b) o ity data, we observed no such additional temperature depen-
o a dency while explaining the corresponding low-temperature
x=0075[ x=0.075 data in the FM phase of the &Pk, Mn; _,Cr,O; system'*
c%% i %%% Figure 5 shows the best fit curysolid line) in the metallic

X FM phase of the Cr doped samples showing MST. As the
% sample with maximunx (=0.45) showed no MST, and had

8 (nV/K)

S (uV/K)

o (] o w o M
}
E
\

no FM phase at low temperature, TEP data of this sample has

not been fitted with Eq(5). Equation(5) is also used to

@ﬁ@g} =011 &A X018 analyze the TEP data obtained in presence of magnetic field.
N . ‘%% Similar equation was also usécearlier to fit the zero field
%%%: N TEP data of the FM phase of La,A,MnO; (A=Pb, Sr, Ca,

Ba). Experimental TEP data of the Cr free sample, i.e.,

Lay sPhy sMnO3 also shows excellent agreement with Es).

The corresponding fitting parameters are given in Table II.

20 1 ' Though we made a successful attempt to fit the TEP data of
I N I \ all Cr doped samples showing MST, it is also noticed from

S (uV/K)

ok b~ © B ®
=]
[}
00°

OO

(&) L

S (uV/K)

15¢ Fig. 5 that with increasing Cr content, fitting curis®lid line
10} & . % in Fig. 5 gradually deviates from the experimental data par-
50 () - L @, ticularly for the samples with higher concentrations of Cr
‘ . . ". ‘ Lo content. It may be due to the fact that presence éf Gm the
75 150 225 300 75 150 225 300 Mn3*-O-Mn*" network disturbs the lattice and hence the
T (K) T (K) heat flow as discussed above. From Table Il one also finds a
_ systematic variation of the fitting paramet&s Ss/,, S, for
FIG. 5. Plot of S vs T for LggPy Mn; _,CrO; with x=0.0(@  {he Cr doped La-Pb-Mn-O samples. Thus B fits the TEP
?k:;dgﬂ'r\;(e:(a())'%f ((2) a;: d((dg))’ ;r:e(#llzi (g)ag”gégi:;?f;glggge o data both in presence and in absence of magnetic field with
magnetic fiel' d. v’vher’eas curveéb), (d), (), and (h) are those ob- reasor;(able valli_)es ?ftthhe mfdzl paradmeter. \/fert)r/1 I|tt|_e c|j§,.gowl—
tained in presence of magnetic fiel8€1.5 T). The solid lines fver,_ nEOWHS asouh fi ed_ln er ep(TQ bency ot te mt.IVI l:ta
represent the fitting curves with E¢p) as discussed in the text. term in 9.(5). Such findings wou € more Interesting.
is further asserted that both thermopow®r and resistivity
(p) are determined only by the electronic properties of the

scattering term dominates the conduction phenometibn. terial and th ft bined t fors% 0. th
The importance of magnon scattering has also been reportéﬁa enal an . us orten combinéd to a forsi/p, he
earliefl in the same La-Pb-Mn-O system. We, therefore, at- power factor” which is related to the thermal conductivity

tempted to analyze the thermoelectric power data in the Fl\ﬁ’f th? sample. Ir(; c]?ntzasp the the_tr)mgl condugtlwtylm
phase using an expressidiof the form + ke IS composed of a lattice contributior) and an elec-

tronic contribution ¢.). The power factor estimated from
S=Sy+ Sy, T32+ S, T4, (5)  the TEP and resistivity data are shown in Fig. 6, both in
presence and in absence of magnetic field. Similar to thermal
where theS, term (Sat T=0 K) has no physical origin. The conductivity? the S*/p term first decreases with lowering of
T%2 behavior suggests that electron-magnon scatterintemperature for all the samples showing MST and it shows a
strongly affects the low temperatufEM phas¢ TEP of this  minimum aroundT,. With further lowering of temperature

TABLE II. The values of the parametey,, S;,, and S, obtained from fitting the low temperature
(ferromagnetic phagehermoelectric power data with E¢) both in presence and in absence of magnetic

field.
So (#VIK) Saiz (wVIK®?) Sy (uVIK®)

X 00T 15T 0T 15T 0T 15T
0.0 2.479 2.365 3x10°4 4.5x107* —1.01x10°° —1.18x10°°
0.075 2.574 2.499 181073 1.9x10°2 —2.36x10°° —2.54x10°°
0.15 3.593 3.483 201073 3.1x10°% —3.16x10°° —3.37x107°
0.3 20.559 19.527 53102 5.5x10°°3 —2.51x10°° -2.61x107°
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B0 80— - phonons experience scattering proportional to the deviation
= PRO. - o =0.0 . . . . .
wole Frivgr  X70.075 ol o Pt X . of magnetizationsM from its saturation valug Referring to
_ /f the temperature dependence, a peaksih at the critical
= aof éﬁ* % * s eor temperature will cause a minimum in the thermal conductiv-
e g% - afus® ity and power factor as observed from the experimental re-
5 30} s s N @ zot -, . .
g ,r? . 5 o L g sults. Actually, due to the spin fluctuation, the phonon mean
L 2o f s . 8 20l % free path §p) splits into two parts (Np= 1/t 1/ nag
g . . g 'iiﬁ 8 viz. nonmagnetic and magnetic pattsThe magnetic part
10} o 10} [ - . PR . .
_ < %@ 1/N mag is proportional to the deviation of the magnetization
ot (b) s ol (a) from the saturated value vizM. At finite temperaturdl, a
T TR T TR T TR RETT magnetic field will causeasma!ler_spln _fluctuatlon and_hence
TK TK) smaller sM and larger ;. This is indicated by the little
ol T ons B T . smaller values of the thermopower and hence the power fac-
° PF:'-STUEDD soof° PFTER tor in presence of magnetic field, particularly aroufigl.
T 80 o 50| Similarly field-dependent thermal conductivity also show a
" g/ 5 = lower valué than that of the corresponding zero field value.
T 60 = “ 200} °u
§ & E @'5' 150 | DD;&
Lol & . - Ta, V. CONCLUSIONS
5 ; o L o0l N . o
& 5 . . | 2 4 In conclusion, the magnetic-field-dependent transport
w 3 | & Sor %&R property of the Cr doped l@aPkysMn;_ ,Cr,O3 (X
o} (c) Yot ol (d) =0-0.45) system has been investigated. Compared to the
50 100 150 200 250 300 50 100 150 200 250 300 undoped system, the conductivity and thermoelectric power
TK) T(K) of the Cr doped system showed smaller field dependence

observed around the metal-semiconductor transition tem-
perature T,) of the samples. Both conductivity and thermo-
electric power data support small polaron hopping conduc-
tion mechanism in these oxides above the metal-
semiconductor transition temperature. Low-temperature
below T,, power factor increases and shows a peak arountbelow T,) field-dependent TEP data can be fitted w&h
150 K and then again decreases. Bip vs T curve below = Sy+S;,T%?+S,T*. The second term suggests the impor-
the peak temperaturél50 K) approachesT? variation as tance of electron-magnon scattering strongly affecting the
shown by the solid lines in Figs.(®, 6(b). On the high- low temperaturgferromagnetic phas€elEP data. However,
temperature side of the peak, the power factor and hendieT* term is not well understood and not very important for
conductivity decreases presumably as a result of phonorthe present samples of our investigation. Spin fluctuations,
phonon umklapp scattering as suggested by Ghiel® The  which are smaller in presence of magnetic field, are effective
power factor showed a minimum value around the metalin scattering the phonons. Field-dependent transport studies
semiconductor transition temperaturg,f. A similar mini-  on well characterized single crystal would be more interest-
mum (dip) aroundT, was also observed in the thermal con-ing. However, since the overall character of thermoelectric
ductivity vs temperature curve of other sample viz.power of the bulk sample is similar to that of single crystal,
La-Ca-Mn-O° CoF,,*> MnO .2 For the present samples with present experimental results would also be important to ana-
x>0.3, the power factor, however, did not show peak in theyze the corresponding single crystal values in presence of
low-temperature region up to 150 Krig. 6(d)]. The said magnetic field when available.

peak might, however, exist at much lower temperaile
low 100 K). However, because of the high value of thand
thermal fluctuation, we could not measBef these samples
below 150 K. In the present system, magnetic field depen- The authors are grateful to the Department of Science and
dence of thermoelectric power and resistivity indicate thaffechnology, Government of India for financial support.

FIG. 6. Temperature dependent power fact@®?®/p) for
Lag sPhy sMn; _,Cr, O3 with x= (&) 0.0, (b) 0.075,(c) 0.15, and(d)
0.3 atB=0.0 and 1.5 T magnetic field.
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