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Lattice effects on the transport properties of (R, Sr);sMn,0,(R=La, Eu, and Pr)
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The resistivity, magnetoresistance, and thermoelectric poW&P) of R, 4(Sr,_,Ca);Mn,0; and
R(Sr;-,Ca),Mn,0; (R=La, Eu, Pr) have been studied to investigate the lattice effecken the MA*
concentration is 30 and 50)%n the transport properties. The semiconducting behavior in the resistivity curve
can be explained with the nearest-neighbor small polaron hopping. A changeover from the adiabatic to the
nonadiabatic regime in the hopping mechanism is observed when the ratiodf(Mn®* +Mn**) changes
from 30 to 50 %. The behavior of the magnetoresistanci,ig(Sr, - ,Ca,) Mn,0; is different from that in
R(Sr;-,Cq),Mn,0; which might be due to the presence of a more complex magnetic interaction dominated
by superexchange inR(Sr,_,Cq),Mn,0;. The TEP data below the metal-insulator transition of
Ry 4(Sr_,C3q)1¢Mn,0; are the combinations of the phonon drag and the diffusion thermopower but in
RSrL,Mn,0; some other terms may be present.

[. INTRODUCTION and 0.5 compounds. Subsequently, the resistivity, magne-
toresistance, and thermoelectric powW&€EP) measurements
The panorama of propertfes? exhibited by Wwere investigated and the special attention was paid on TEP
R;_,A.MnO; (whereR and A are rare-earth and alkaline- since it is one of the most sensitive experiments which
earth elements, respectivilpuch as colossal magnetoresis- Probes the carriers in the system.
tance (CMR), metal-insulator transition, charge and mag-
netic ordering, etc., have generated an impulse in these Il. EXPERIMENTAL DETAILS
manganite systems, particularly on the interplay among the
structure, magnetism, and electronic transport. Depending on R1.4(Sh-,C8)1.eMN0; and R(Sr-,Ca),Mn;07 (R
the doping levelx) and temperature, these systems present - EU; Pr) polycrystalline samples were prepared by stan-

different phases of conduction and complicated magneti ard solid-state reaction method. Stoichiometric mixtures of
phase transitions. However, recently, large magnetoresi ligh-purity oxidesR,05, SrCQ;, CaCQ, and MnQ were

. irst calcined in air at 900 °C for 12 h, and reground and fired
tance has been observed in other crystal structures, name

i air at 1200°C for 12 h. Then, the obtained powder was
Erllled pg)rol\;:loore 1P'I\r/|hnéo(7R %efl\j'n %)1 izngogiiggeéaﬁrfge pressed into pellets and sintered in air at 1400 °C for 24-48
) 3 2T )3 27

) _ h with intermediate grindings for three times. Powder x-ray-
n=2 member of the familyR,A)n 1Mn,Os,+ 1, wherenis  gigraction data were obtained using SIEMENS D5000 dif-
the number of perovskite layers. In this series, the observeg,ctometer with CWK o radiation at room temperature. The

magnetoresistance effect is even stronger than in the perovggtice parameters of different samples are listed in Table I.
kites but occurs at a lower Curie temperatdig.** The  Electrical resistivity was measured on samples of rectangular
average structure is tetragonal, made of a bilayer perovskitgarallelepipeds using standard four-probe technique. Ther-
unit in the ab plane of the crystal, separated by a singleénoelectric powerS) was measured using the standard dc
rock-salt-typeR/A-O layer along the axis giving it a two-  method with the use of closed cycle cryocooling system. A
dimensional(2D) characte!’® In particular, the Mn-O-Mn  temperature difference of 1-2 degrees was maintained be-
bond angle in the (L&)3;Mn,0; system is about 180° and it tween the two parallel surfaces of the samples under inves-
does not change significantly with internal and externaligation. To eliminate the effects from the Cu electrodes and
pressurg® !’ in contrast to the (La&)MnO; system where reference lead&Cu wire9, the absolute thermopower of Cu
the bond angle is in the range 155-19?which plays a was subtracted from the measured thermoelectric voltage.
crucial role in these perovskite compounds. Moreover, the
bond-length variation with external and internal pressure in
(La,A)3Mn,0; and (LaA)MnO; is different!®”2° There-
fore the study of lattice effects on the transport and magnetic Figure 1 shows the temperature dependence of the elec-
properties in the R,A)3Mn,0O; system might provide an- trical resistivity for La ,(Sr, -, Ca)); Mn,0; with y=0, 0.1,
other idea to elucidate the fundamental understanding of the.2, and 0.3. Each plot has a maximum resistivjsy,X at a
CMR properties. temperaturer ,,. It is found that in each case,, increases

In this paper, size effects of the interpolated cations areand T, decreases with the increase of Ca. In the manganite
compared by studying Ry 4(Sr,_,Cq)16Mn,0; and system at high temperatures the lattice becomes distorted
R(Srl_yc?)zMnZO7 (with- R=La, Eu, and Pr where around the electrons in the conduction band, and due to the
Mn**/(Mn®**+Mn**) is 30 and 50 %, respectively. These strong electron-phonon interaction, small polarons are
correspond to thé&R;_,A,MnO; with most studiedx=0.3  formed. AboveT,, the thermally activated hopping of these

IlI. RESULTS AND DISCUSSIONS
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TABLE I. The values of lattice paramete@andc), T,, (metal-insulator transition temperatur& ., [the
temperature where the magnetoresistance (&) shows the maximum valled T,,,/dH (the change of ,,
with magnetic fielg and MR at 2 T magnetic field for the investigated samples.

Tw T (K)  dTy/dH MR at

Sample a(h) c (A (K) at2 T (KIT) 2T
Lay .St Mn,0; 3.8718810) 20.16988) 108 105 9 63%
Lay 4(Sty «Cay 1)1.6MN,07 3.861 4410) 20.180%8) 96 90 11 80%
Lay 4(Sty §Ca 21 MN,0O; 3.8648810)  20.09618) 78 60 15 87%
(Lag E U 1)1 4Sh gMN,0; 3.8673%10)  20.13817) 80 75 10 90%
(Lag §EUp o)1 4St gMN,0; 3.863 639) 20.121Q7) 70 25

Pr, Stk Mn,0; 3.8337919)  20.25988) 85 80 2 35%
LaSKLMn,0, 3.8711813) 19.964Q9) 162 1.66
La(Sry Cay 1),Mn,0; 167 4
La(Sr ¢Cay »),Mn,0; 175 3

PrSpMn,0;, 3.8515612) 19.93548)

Lag CasMnO5? 255 5 70%

@Data have been taken from Refs. 24 and 25.

polarons plays an important role. We have shown the high2. |n La(Sk-,Ca)),Mn,0; a minimum is observed in the
temperature resistivity as lgg(vs 10007 in the inset of Fig.  p(T) plot around 60 K and an upturn in resistivity is devel-
1. These data can be analyzed with the nearest-neighbor hopped at lower temperature. In fact, there is also a minimum
ping of small polaron. The expression for the resistivity asand an upturn in La,(Sr,_,Cg), Mn,0; for y=0.1 and

proposed by Moft can be written as 0.2 as seen in Fig. 1. This upturn becomes more pronounced
asy increases. But the origin of this feature for the two cases
p=AexpE,/kgT), (1) may be different. The minimum and upturn in

. ; - _ La(Sr_,Ca)),Mn,0; correspond to the formation of charge
wherekg is the Boltzmann constang is the resistivity co ordering’ whereas in LaASh_,Ca): MOy, it may be

efficient, ancE,, is the activation energy. It is found in Fig. 1 due t in canting which will be di d later. The resi
that the data fit nicely to the E@l) with a straight line. The ue fo spin canting which € discussed fater. The resis-
vity data aboveT,,, which are similar to those of the

activation energies estimated from the slope of the straighL .
: : a1 4(Sr -, Ca)1.eMn,0; systems, can also be analyzed with
line vary from 82 to 101 meV in La(Sh,Ca)1 Mn07 0 nearest-neighbor hopping of small polatshown in in-

system. oS N :
The temperature dependence of resistivity ofzgt ig;'%;e%/ fo:TZ(alertlvgt;)n '\‘deégyﬁpi)s (\j\;qc:lrﬁartr?(f:‘jni?or?e
= ' in Fi - —yLd)) o MN;07. -
La(Sh-,C8) Mn;0; (y=0, 0.1, and 0.2is shown in Fig. ing that in La ,(Sr,—,Ca,)1Mn,0; as x increasesp also

. . . . — increases but T, decreases, whereas in
S0r La, 4(Srl_yCay)l‘GanO7 ] La(Sr_,Ca)),Mn,0; asx increasesp decreases ant, in-
40 | creases.
30 T T T T T T T T T
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FIG. 1. Temperature variation of resistivity of
Lay /(S —,Ca,)1 gMN,07 with y=0, 0.1, 0.2, and 0.3. Insets: Plots FIG. 2. Temperature variation of resistivity of
of log(p) vs 10007 to show that the conduction above the metal- La(Sr_,Ca),Mn,0; with y=0, 0.1, and 0.2. Insets: Plots of
insulator transition is due to the small polaron hopping. log(p) vs 10007 .
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FIG. 3. Plots of log(}$) vs activation energy K,) for w

Lay A(Sr,_yC8)1.MN0; (O) and La(Sy_,Ca),Mn0; (M) to . ; . .
show that the hopping mechanism is in adiabatic or nonadiabatic | La (Sr, Ca)Mn0, —

regime.T, is the estimated temperatuf@iscussed in text Mno50% ///’/’\"\\h/ .
6t N <

The hopping mechanisrfadiabatic or nonadiabajicof ‘j\\___//é/" kN
these manganites could be sugge<teg plotting In(1p) vs 3p T \-Q 1
E, at a fixed temperature. The temperatdig (say, esti- ‘
mated from the slope of such a plot would be close to the % 50 100 150 200 250 300
experimental temperature when the hopping is considered tc :
be in the adiabatic regime. On the other haiid, would T (K)

be very different from experimental temperature if the hop-

ping is considered to be in the nonadiabatic regime. Such FIG. 5. Temperature variation of resistivity —of

plots for a fixed temperature TE250K) for  La1(Sh-yCa)1gVMn,0; and La(Sy-,Cq),Mn,0; at 0 and 2 T

Lay (Sn_,Ca)1Mn,0; and La(Sy-,Ca),Mn,0; are magnetic fields foy=0.1 and 0.2.

shown in Fig. 3 and the estimatdd value is 245 K for the

former and 650 K for the latter. This implies that the hoppingbatic regime. Therefore the hopping mechanism is changing

mechanism in La,(Sn_,Ca)1Mn,0; is in the adiabatic from the adiabatic to the nonadiabatic regime with increasing

regime whereas in La(§r,Ca,),Mn,0; is in the nonadia- the Mrf"” from 30 to 50%. It has also been shown by
Worledgeet al“° that in the Lg;;sCa,sMnO; thin film, where

30 : , , , : the concentration of MH is 33%, the conduction in the

high-temperature region is governed by the adiabatic small

polaron hopping.

The magnetic-field effect on the resistivity for
La; ,Sr Mn,0O; and LaSgMn,O; is shown in Fig. 4. On
applying magnetic field there is a large decrease in the resis-
. tivity around the transition temperature and a shiftTig
towards the higher temperature. However, the decreasg of
e and the increase df,, on applying magnetic field is larger in
20 e : ' ' Lay ,Sr gMn,0O; than that in LaSiMn,O;,. Figure 5 presents

1T LaSr,Mn,0, the temperature dependencies of the resistivity of
16+ \/ = Mn*~50% Lay 4(Sr-,Ca); gMn,0;(y=0.1 and 0.2 and

La(Sk-,Ca),Mn,0;(y=0.1 and 0.2at zero ad 2 T mag-
netic field. For the La,(Sr, _,Ca)); §MNn,O; with y=0.2, the
] observed upturn at low temperatuf@ound 50 K is sup-
pressed with applying magnetic field. It may be due to the

4t 7 fact that the disordered spins resulted from the lattice distor-
tion reorient orderly with applying magnetic field which in
00 5'0 1(')0 1 50 2(')0 25'0 300 effect suppress the upturn. The negative magnetoresistance
(MR) is higher in Lg 4Sr,_,Ca),¢Mn,0; than that in
T (K) La(Sr_,Ca)),Mn,0;. In addition the estimatedT,,/dH of

Lay 4(Sr;-yCq)); Mn,0O; for y=0 is about 9 K/T and in-
FIG. 4. Temperature variation of resistivity of 1 #r, Mn,0;  creases with increasing and becomes~15 K/T for y
and LaSsMn,0; at different magnetic field€0—6 T). =0.2, which is much larger than that in L3 A,MnO; (~1
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f FIG. 7. Temperature variation of resistivity of
(Lag—yEw)1 S Mn,0O; with y=0.1 and 0.2 under 0, 2, and 6 T
magnetic fields.

FIG. 6. Temperature variation of magnetoresistance ratio o
La; 4(Sr—yCa,)1 MN,0; and La(Sy-,Ca),Mn,0; at the mag-
netic field d 2 T for y=0, 0.1, and 0.2.

K/T—6 K/T, A=Sr, Ca.2*?*ThedT,,/dH and other param- implies the chemical pressure not only affects the magnetic
eters for all samples in the present investigation are listed iground states through changing the effective transfer integral
Table | and compared to those of.LgA,MnOs. The nega- in the double-exchange interaction but also the magne-
tive MR value here is defined as[p(H)—p(0)]/p(0) totransport properties by varying the strength of carrier lo-
[wherep(0) is the resistivity at zero field ang(H) is the  calization effect. Most recently, Argyrioat al?” and Me-
resistivity at magnetic fieltH]. Figure 6 shows the tempera- darde et al?® have demonstrated that the temperature
ture variation of MR of La,(Sr_,Ca);Mn,0; and dependence of lattice distortion and magnetic structure are
La(Sr_,Ca,),Mn,0; with a field of 2 T. In Fig. 6, the MR  dramatically sensitive to the doping levglarticularly in the
values of La (Sr,_,Ca)); gMn,0; are 63, 80, and 87 % for range 0.3x=<0.4) in Lay_,,Sh ,,Mn,O;. Therefore the
y=0, 0.1, and 0.2, respectively. Similar to the resistivity, thedifferent MR behavior of La(Sr ,Ca),Mn,0;(x=0.5)

MR ratio data also show a maximum at a temperaffyye ~ from that of La ,(Sr,_,Ca)) 1 MNn,0; (x=0.3) might be due
which is a little lower than the corresponding metal-insulatorto the presence of a more complex magnetic interaction
transition temperatureT(,). The MR value decreases rapidly dominated by superexchange over double exchihgae

as the temperature deviates from fhg.. It is obvious from  possible charge ordering of Mh and M in

the above data that the doping of Ca enhances the MR ratiea(Sr, —,Ca,),Mn,0; could also lead to electron localization
largely in La 4Sr_,Ca)1MNn,0;. It seems that the Ca and contribute to the complex nature of this transifion.
doping in La 4(Sr—yCa); MNn,0; may induce a chemical Therefore when MH™ concentration is increasing from 30 to
pressure which in effect may induce an anisotropic lattice60% the localization also increases. In addition, the MR of
distortion and a canting of ferromagnetic manganese spithe (LaA)3;Mn,0; compounds are larger in magnitude than
configuration and as a consequence, the charge carriers stifiat of the (LaA)Mn05.2>* This difference in MR is not
fer more from scattering by Mn spin which will result in an only due to the narrowing of the one electron band width in
increase of electrical resistivity. As magnetic field is applied,(La,A) sMn,O; but also due to the spin correlation which is
the canting of the ferromagnetic Mn spins are suppressed aridherent in the two-dimensional compourids.

thus electrical resistivity decreases. On the other hand, the The magnetic-field effect on the resistivity of
MR of La(Sr_,Ca),Mn,0; (Fig. 6) increases as the tem- (La;-yEu)1,4Sr gMn,0; (shown in Fig. 7 is different from
perature decreases and no pronounced peak is found aroutigt of La 4(Sr,_,Ca)1 ¢MN,O. Itis found that for Eu con-
T.,. The presence of the significantly large MR at low tem-taining (with y=0.1) sample the suppression of resistivity
perature T<T,, where spin fluctuations are negligible under magnetic field is more than that of the Ca containing
suggests an additional source of magnetoresistance in thee=0.1) sample. But foly=0.2 the resistivity suppression
samples. The increase of resistivity and low-temperature upinder magnetic field for Eu containing is much less than that
turn seen in Fig. 1 can be explained by a ferromagnetic-toef Ca containing sample. The MR ratio af,, for
antiferromagnetic transition as Ca content increases. Th@.a; yEu), Sr gMn,O; with y=0.1 is 90% whereas foy
overlap between the MnBorbital and the O P is the cru- =0.2 no prominent peak is observed in the temperature
cial factor in exhibiting electronic conductitwhich is very  variation of MR ratio data. This indicates that the substitu-
sensitive to bond lengths and angles of Mn-O-Mn that resultion of Eu for La is more effective than the substitution of Ca
from the variation of the size of the lanthanide idh&this  for Sr in the lattice effects on the transport properties of
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FIG. 9. Temperature variation of thermoelectric power of

FIG. 8. Temperature variation of resistivity of,B8r Mn,0; La; A(Sn_yCa)1Mn,0; with y=0, 0.1, and 0.2 and

and PrS;Mn,0; at 0 and 2 T ragnetic fields. (La;_yEW); ,Sr Mn,0; with y=0.1 and 0.2. Inset: temperature
variation of TEP of Py,Sr; Mn,0;.

La; 4Sr Mn,0;. 1t is well known that the transport proper-
ties, magnetoresistance, and magnetic transition are strongiiown to 50 K and below 50 K it increases. These data are
correlated in these CMR manganese perovskites. The lattiagimilar to those obtained by Fishet al23in L,,3Sr;,;MnO;
effects(chemical pressuyenduced by Eu substitution for La (L=Pr and Nd. Furthermore, the less temperature depen-
or Ca for Sr on the transport properties of;L8n ¢Mn,0O;  dence of TEP in this compound beldw might be due to the

are consistent Wzith those reported in absence of bulk ferromagnetism which is consistent with that
(Lal_zl\_ldz.)1..4Sr1,6Mn207.3 The effect of magnetic field on claimed by Huret al. in a recent papet®
the resistivity of Py,Sr; gMn,O; and PrSyMn,0O; are also It is noted that the small values &below T are typical

shown in Fig. 8. It is found that the MR ratio decreases fromin the metallic system. It is obvious from Fig. 9 that an
La to Pr. We have already seen in Fig. 6 that with increasingxtraordinary thermopower develops accompanying the
Ca in La 4Sr_,Ca); Mn,0O; and La(Sy-,Cq),Mn,0;,  CMR and theS(T) curve mimics the measured resistivity.
the MR ratio increases. Thus even the Mn valence level igherefore theS(T) data and particularly the peak &t are
same, theA-site ionic size is not an only responsible factor signatures of ferromagnetic-paramagnetic and metal-
for the MR value. It may indicate that the MR value is alsoinsulator transition. It is found that th&, always occurs
related to the magnetic interaction betwekssite ions and  above theT,,. In fact, atT,, the TEP shows the normal-
Mn ions. The data described above clearly show that thenetallic-like value. In general, the feature of diffusion ther-
transport properties ofLa, SpsMn,O, strongly depend on  mopower in the metallic regiotibelow T and above the
the electronic nature of lanthanide ions, the ionic radius ofipturn can be qualitatively understood in terms of Mott's

the cations, and the Mn valence level. formula for the charge contribution to the Seebeck coeffi-
The temperature dependence of thermoelectric power fagient in metals?

La; 4(Sr;-yCq), Mn,0; with y=0, 0.1, 0.2 is shown in

Fig. 9. The high sensitivity of the TEP to the composition S= —(772/3)(kéT/e)g,(EF)/U(EF), (2)
variation is strongly pronounced. It is found that the TEP

increases with decreasing temperature and after reachingveheree is the elementary charge(Eg) is the conductivity
maximum value(say at temperatur&,), the TEP value de- at Fermilevel, and’ stands fod[ o(E)]/dE. The observed
creases and becomes to a value in the range of guiéii. decrease it below T, can be explained as the increase in
Finally it shows a minimum value in the temperature rangeconductivity due to the phase transition to the FM state pro-
50—-80 K. We also notice that thE; shifts downward sys- vided that thes’ ~const. However, if one assumes thdtis
tematically with increasing Ca content in a very similar man-constant and almost isotropic electrical transport properties,
ner as theT,, does. With increasing Ca content, the TEPi.e., o 1=p then according to Mott's formulaAS/S,
value increases which is also in close analogy with resistivityxAp/pq is expected. The plotting aAS/Sy vs Ap/pq for
data. The temperature variation of TEP of data points of La,(Sr,_,Ca);¢Mn,0O; are shown in Fig.
(Lag—yEw)4 4Sr gMn,0; (shown in Fig. 9 is similar to that  10. The present data obviously deviate from the theoretical
of Lay A(Sr,-yCa), Mn,0;. The temperature variation of prediction(linearity). In fact, the Eu containing samples also
TEP of Py ,Sr Mn,O; is also shown in Fig. 9. In this show the same deviatidmot shown in figurg Therefore the
sample, theS (T,<T<300K) value increases with decreas- assumption that-’ is constant is not justifiable. This argu-
ing temperature. Below,, the TEP value is nearly constant ment supports the conclusion made by Uhlenbratial %
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FIG. 10. Relative changes of the TEP plotted vs relative changes
of the resistivity for LaSr_,Cq);Mn,0; with y=0 (Tq
=110K), y=0.1(Ty=95K), andy=0.2 (T,=70K). The dotted
line represents the prediction of Mott's formUlag. (2)].

FIG. 11. Fitting of thermoelectric power dathelow T, dis-
cussed in tejtwith Eq. (5) for La; A(Sr_,Ca)1Mn0; (with
y=0, 0.1, and 0.2 samples. Inset: Same fitting of
(La;—yEW)q 4Sn gMN,07 with y=0.1 and 0.2.
that the assumption by Asamitst al*® (¢’ is constantis
not valid for the moderately doped sample, such ascreases and diffusion thermopower increases. It is known
Lag gsS1p.1gMIN0O5 in the vicinity of the metal-insulator transi- that the phonon drag effect decreases with the increase of
tion. Furthermore, in addition to the diffusion term, anotherresistivity, since the increase of resistivity means the reduc-
important contribution to the TEP, namely the phonon dragion in phonon heat current and also there is a reduction in
effect, may be present. momentum transferred to the electrons, i.e., of the phonon

Now we shall see that whether the deviation is due to thelrag effect®4° This also explains that the doping in tfea,
phonon drag effect. The phonon drag thermopo$ecan be  Si) site may induce a canting of the ferromagnetic Mn spin
expressed a5 configuration. This spin canting leads to the increase of elec-
trical resistivity and so th&, decreases and ti& increases.

Spec LT. 3 While describing the resistivity data in the semiconduct-
The diffusion thermopower Eq2) can be simplified as ing part, we have shown that thos_e data can be discussed
with small polaron hopping. According to the small polaron
Sy T. (4) theory the thermopower can be expressed as
Combinin398 Eqgs(3) and(4) we obtain a simple relation valid S(T)=kg/e[Es/kgT+ ], (6)
for metal: whereEg is the activation energy for the TEP aidis the
S=A/T+BT. (5)  sample dependent constant. Abdlg the thermopower for

samples studied here obeys the prediction of the small po-

The fitting curves for La,(Sn_,Ca);Mn,0; and laron theory, since& vs 10007 curves fit well with straight
(Lay—yEw); 4Sn gMn,0; based on Eq5) are shown in Fig. lines (Fig. 12. From the linear fit of the curves the obtained
11. It is seen that the experimental data can be well repreactivation energies for thermopower vary from 4 to 8 meV
sented by Eq(5) above 60 K and beloWy. Fitting param-  With the Ca content. The different values of the activation
etersA and B are listed in Table Il. It is found that with €nergies for the resistivity and the TEP are consistent with
increasing Ca and Eu content the magnitude of the phonofie conduction due to the hopping of charge carriers.
drag term(A) decreases whereas that of the diffusion term
(B) increases. Therefore the deviation A8/S, vs Ap/pg
plot (Fig. 10 from the theoretical prediction is due to the
presence of considerable phonon drag effect. Combinin
Egs.(2) and(4), if one assumes that’ is constant, then the
ratio of B for two different samplesas for example, foy
=0.1andy=0.2) in La; 4(Sr,-,Cq)1eMn,0; is equal to the

TABLE II. The best-fit parameter@ andB) obtained by fitting
the metallic part of the TEP data to E(), and theT (the tem-
%erature where the TEP value is maximum and which varies with

a similar manner toT,) of La 4Sr_,Cg)¢Mn,0; and
(Lay_yEWw); 4SH gMN, 0.

2
reciprocal ratio of the magnitude of resistivity at a fixed '[em—samloIe A V) BVK) T.K
perature for those two samples. The obtaigd,/By—q» La; ,St MN,0O; —1698.3 0.12912 154
is 0.683, whereap,_q,/py—g1is ~6 (at T=120K), i.e.,  Lay St ¢Cay1)1.Mn0; —1625.9 0.15021 146
both are not equal which implies that the is not constant  La, ,(Sr sCa 21 MN,0; —1306.2 0.21992 136
and again supports the argument mentioned above. Morgta, [Eu, 1)1 St Mn,0O; —1521.8 0.13306 140
over, it is observed from previous discussion that as the TER_a, Eu, ,); ,Sr; Mn,0; —1306.2 0.20003 150

becomes more positive the phonon drag thermopower de
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La, 4(Srl_yCay)l_ Mn. O,
Mn'"~30%
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FIG. 13. Temperature variation of thermoelectric power of
FIG. 12. Thermoelectric power vs 1000/ for RS,Mn,0, (R=La and Py.

Lay (Sr-yCq)1.MN0; with y=0, 0.1, and 0.2aboveTs, dis-
cussed in tejt IV. CONCLUSION

We have investigated the lattice effects on the transport
properties of R, Sr)sMn,0; by studying the resistivity, MR,
and TEP. In La,(Sr_,Ca)gMNO; aboveT, the conduc-
tion behavior is due to the small polaron hopping. A change-
over from the adiabatic to the nonadiabatic regime in the
hopping mechanism is observed when “¥rconcentration
changes from 30 to 50 %. The maximum MR value is found
in Lay 4(Sr,-yCa)); gMn,0O; for y=0.2 which might be due
to the defects in La sites as well as in oxygen sites in the

The S(T) data forRSrb,Mn,0O, (R=La, Pr) shown in Fig.
13 are more negative than those Rf ,Sr; gMn,O,. Below
T the TEP behavior is a little complicated. Here, fheis
higher than thél',, in RSr,Mn,0O; which is similar to that in
Ry 4SHh gMn,0O;.  In view of the results found in
R;_A,MnOstype oxides, the doping ratio in
Ry 4(Sn_,Ca))1 MN,0;, where Mrt" is 30%, seems very
close to optimal value(i.e., x~X.) to exhibit the CMR

iotin41,42 ; +
characterlstlcé. Therc_afore iNRSKLMN,05, where Mt is compound. The MR data in La(Sr,Ca,);Mn,0; do not
50%, the doping level ig>x.. The more negative value of C oMY . .

show any peak value which is in contrast with that in

TEP for RSr,Mn,0O; might be due to the fact that for>x o

Cc

the hopping barrier decreases with increasing energy, so thLal-“(Srl*VCa/)1-6Mn207' This might be due to the presence

S of a more complex magnetic interaction dominated by super-

contribution to the thermopower from the energy dependence :
. S . eéxchange over double exchange. The possible charge order-

of the hopping barrier is negativé.Furthermore, the com-

i 3+ + i
plicatedT dependence din the low-temperature regime is ing of Mn a_nd Mrf" in RSrpMN,0, could also lead to the
similar to that observed in the doped CaiO, and most electron localization and contribute to the complex nature of

. : ; this transition. The MR value decreases wheigoes from
likely is related to the charge ordering phenom&hdhe ;

. . La to Pr. But the MR increases when the Ca and Eu content
different values ofT,, and T may be due to the different

temperature dependencies of thermopower and resistfvity increase. Therefore the MR depends not onlyesite ionic
We also tried to fit the TEP data &SKMn,0, below T, to size but also the magnetic interaction between lanthanides

Eq. (5). But the experimental data cannot be well fitted with and Mn 1ons. Both the reS|st|V|ty_ and TEP data in
. S RSrL,Mn,0; indicate the charge ordering at lower tempera-
the theoretical curve. This might be also due to the presence - :
: o . ture. In RSLMn,0;, the TEP is more negative than that of
of charge ordering. The activation energi&s, @ndE;) cal- - .
culated respectively from lpf vs 10001 and S vs 10001 Ry4S1.eMn,O;, which is due to the fact that for the doping
P y p level more than optimal, the hopping barrier decreases with
plots (not shown, similar to La ,(Sr, -, Ca); MN,0; sys-

tem, differ from each other. Therefore we may conclude tha'ncreasing energy. Hence the contribution to §ifom the
' : Y ._energy dependence of the hopping barrier is negative. The
the charge transport occurs due to the hopping of carrier

rather than a semiconducting-like activated conduction. Fur_ﬁ)w-temperature upturn in TEP behavior of all the samples

thermore, for each compound, the valuesdends to fluctu- may be due to the phonon drag effect.
ate due to a rather small conductivity at low temperatures.
Since both the diffusion and hoppird presenj terms ap-
proach zero a3 — 0,* the rapid increase i6 (below 50—80 This work was supported by National Science Council of
K) may not be explained unless it has a large contributiorRepublic of China under Contract No. NSC89-2112-M110-
from the phonon drag effect. 008.
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