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ABSTRACT

Temperature dependent thermoelectric power (TEP) of La, ;Sr; 9Mn3Oyq system has been studied in the temperature range 80—
373 K. In the low temperature ferromagnetic regime, TEP (S) follows an expression of form §=S8y+5; 5T 1'5+S474 over the wide range
of temperature. The broad peak below the ferromagnetic transition and complicated temperature dependence of S may be understood
on the basis of electron-magnon scattering as predicted for an itinerant ferromagnet. High temperature TEP data can be well fitted with
Mott's small polaron hopping model.
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Fig. 1. Temperature dependence of magnetization measured at
magnetic field of 10 Oe.
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Fig. 2. Resistivity of LSM as a function of temperature in the
zero field and in a magnetic field of 0.85 T. The inset
figure shows a high temperature resistivity measure-
ments fitted with Eq. (1).
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Fig. 3. Thermoelectric power (S) vs. T. The open circles are
experimental data and the dash line is Eq. (3) with
parameters. The inset figure shows thermoelectric
power vs. 1000/T plot. The straight line represents the
Arrhenius relation between S and T.

et el

71 Ee E7148e] @gglduRoln gpe dA
T A3 EduAel EReHe HHAATE o
<18l 749+ small polaron®] A=7} TASH, an>2%0
7% Wbl BH9 band A=7h e AR
gdeiA qleh' 7 gurg o s P bandS A
ARAA G 29 Fridge 22EY JA 4
2 FAY 4 Jo. 7k e, €71489 &3
Azt o) T3 #HA JdE €9 TES UEle A
ooz, AW HAMA] F A 2P0 o
oA = AN YA AEF(energy gap)= B7t
£ duixeltt. wEh FH bandE 7HAE A BN
Az e /1A 243 JquAe ARHR 2o
st oA % Atk 22t small polaron®]
hopping® Z°] narrow band HEe] A5, 717
gA st R e AxtdTFo] EAT 759k EAA R
S AL A7e AUAR HFEH7] g AFHE
o Bad AR st wlg- Zrh Fig. 39
Aagel B £ o] Z2PGoA ALBAL
o]Zoix| 3 glow o] Mo 2HE Hojz E= 0.01eV
2 AFAENA LoJA wyoll Blste of$ S &
4 gl olsh e Aoz B u LSM H/|HET
small polaron®] hoppingdl] &J&te] o] FJRA| 2L UTHAL A}
s5¥9oh

2 AyoA dojR g 0.84Z Mott7t AAIEE small
polaron FAxA H3ltt ALEETh 3 Mottt
Austin®e] o]5td Aad sites} B] FHH siee7re] 43
o] FAA AUAY e BAE op=(WylkgD)(1-6)
(1+0)2 EZ3tgth. 9714 05 systemolA] FE A}
BA JE AFEE =10 FAA7 EXER] For
W 9<19l S systemUlols FEXT7E EASHE
A0z BT ATk 300KANA S LSME] 6=0.642
ABWF-o AFe TN 7E EAL IS &
F 9er, ol I F AAEEHNM A5 carrier

18 93t F& 8% a4 A

flo

ty

LT

of

7} small polaron
g4t}
Fig. 2¢] AFE 2x=o&doA AFd A3 7ol
120 KoM A HaA dej7h vebsdth. ol 22 &
o

2
oX,
2
18
1o
i)
e
)
1o
)
ki
N
-4
1
2
o
o
—>fl—'
2,
of
4
1o
i

AA Y HA=7|77 2o AL ouigit itk 7t
AR AAA Y Zr)Ao| 2L oo HE carriere
magnetic polaron®l] ¢]3ted xjulj whg 2tk ® Mag-
netic polaronS F-& ZFAd B A A o] F9¢] =714
RHES o3l E3¥ AxE FAATH WEbA magnetic
polaronS B8 e 2713 Juzhgol ofste] &ukst
= F& 0= hoppingdtAl Bth. ZZ#v} magnetic polaron

A 407 A9 5(2003)



AgE SEFA gl ExjaiA Ak 0
0 992 magnetic polaron®] A= 7|+
- £ R0y, 27t At kA FAE A
7174 ZAM(long range magnetic order)”} A HE A4
@A A= polaron©] &bl BlojubAl =™ magnetic
polaron®] @Ao] o AXA o} A= 2 AR 9
oMo A=Y= &utald magnetic polaron9]
hopping®] ¥HH, A G GolA 2] Axr]|7E duta el
ZH 9 W E=(broad band)ollA] A8 o]-T_— hopping 2.2 A}
s¥oh
A2 AR g4 ZAE= Ruddlesden-Popperd (La,
M)y iMn, 05, A1 E71-HEAZ ] 4 & S3le o
7k mdo] AtElm kY zEyg ARG elx 9
71 gk exoEg 2 Gr1x"e] $hekgl peak
of it A+= dA7EA BaEo A o AFge] &
LoEAT 2 FU1dgY] LrENL ITEkA] g2
o AubAQ) A EAstA] 9k=th. Bhattacharya 5,7
Mandal 5°? 282 Jaime S w2w A3 A7y
La;,M,MnO;2] 7P1]' FHolr 2] B7IHE &
Qe §=Sy+8,s T +S, T2 BTAE 4 o o= 7t
3ol X9 electron-magnon®] Atghel] o)sle] whAlEiTH
Al BAEY. 2 ”b‘qoﬂ’ﬂ #5371 2EE
e La, AMNOCIA B2HE Ir1dge) B4 2627
-3 FALEE7] w o 7}?(}"“’:‘ lxe] LsMme] €7
dEe] s Ed g Po] XET - AL A
= Atz"n - 39

:;l,

S=So+8; 5T +8,T* 3)

o714 Sy 71 1%?%94 91*&‘:”‘311 95t
AR = Agoltt. o] FFe
o ©@x] A2 datad] A EAS *a“é‘% I Ho}oq éu‘%l
Hrh Fig. 2¢] EAIS A& Xi%‘ﬂ]*ﬂi’% F71xEe 2
_._-4 /(-]O /\1(3)o§ 74- 14:",5‘]_ T 9) O o]m] ﬁo{;q
fitting A4 Sy=—5.31 uV/K, 815_654><10 UV/K2.5
233 §,=-1.53x107 pv/K At Q4714 5, 5>8,2 84
S AgoM gy Gr1Adgy LxoEAe 50 gFan
Rnom o]z g FdL electron-magnon AFEEAAF 7120
sk Zlojg i

Jaime 520 @AA Lagg(CaPb)y;sMn0,2 97142
o] 2EoEA ety this} o] BRI3th 80K
olate] exgely QrlAYe exe) kst A Z
7} e, @71 2ER4-LS 30-80Ke] &Y
oAl e FES YePAT T B89 Lay Sty oMn;Op
2] 735 80-120KS] 2=HHol|lA g% E%‘s% 2xel
AL Fe FEE VR den o] &= YA
G718 T15°ﬂ A o2 HH S & F 2
t}. Bhattacharya 57" 94 Na2 H7}s L Lag 70Cap3.yNay

Al kel

3.5 a -3.5
40}
45
g g
S S
= =
3 o]
5.0 -
|
55 Q
e}
6.0 L v L -6.0 L L .
0 1000 2000 3000 0.0 3.0x10° 6.0x10° 9.0x10°

T3/2 (KBIZ) T3 (KB)

Fig. 4. Thermoelectric power (S) vs. 7' and T° plot for the
LSM. An almost linear variation of thermoelectric
power with T '3 and T3 below T, suggest the presence of
both phonon and magnon drag effects in the low
temperature region.

MnO;ollM &3 dd4d7
A 3

g #2319 th Batle 592
4 Fed] €71AE S 3

s At J2gdax 759
E4E AE3AY. 25 AN gr)Adge 117
©]&/d2 phonon drag ©]&3# H]$ magnon drag ©| 22
2 Asiiit. 28l o2y 27323 ¥4 = phonon
drag(S,)?} magnon drag(s,)el S&e] F88, ST’ 2
23 S,ocT el Welgtky B 7sAct. Fig. 49 JeRd
ZAAYE LM AL FAAGS grHde s

7' HaHoz v YSS & 5 Aok o} 2
& HAPAAF}E= AT AR ofsle] WAy
gt magnon drag & 7}9} electron-phonon & ZH-g- s}
o] WAYS phonon drag d/go] LSME] AX 7] 75 A|H)
3t A& AlAFSHTE

electron-magnon

.7 =

‘E‘ ?ﬂ?’{‘ Laz_lsrl.gMn?,Olo /"“a]'tﬂk-’] 657]?’% 'F,r
Wab) sl 4RAmst QM) LrelE sl
Sl AR ALelN e AV Qrldde) ex



Zﬁ‘%ﬂ]}‘ig Lay ;Sr; oMn3049 A—]]E}-‘?J,Z;Q] %71%1@! ‘—Eu‘)‘g

NEHOZHE Ao FAFNUAE v A
Lay Sr; oMn;0y A2t 20 A E7]F+ small polaron®]
hoppingd ©] B3l 120K F2A vbk=Awk=A] 2
ol7b YElter m2ddore] AH71HEE magnetic
polaron 183 A& ZFAFFFAA Y M7= ARt
291 broad band hopping®-Z AL ETH WHEA A A
o2& olEte] 2EPHA Fr|He RELELNL S
=So+SisT oS, BN & Ao §,1 5, Bk
g F AR B o FAHFGANX Y A electron-
magnon AH&o] ¢ Fa% AEE = FOE AlsE
th AL goelx dr1AHo] T°9 7 W sle A
& A& ARG HAA electron-magnon-phonon drag &
o] EAghE ¢ul gt

REFERENCES

—

. G. J. Snyder, C. H. Booth, F. Bridges, R. Hiskes, S. DiCar-
olis, M. R. Beasley, and T. H. Geballe, “Local Structure,
Transport, and Rare-earth Magnetism in the Ferrimagnetic
Perovskite Gdg¢,Cag33MnQO3,” Phys. Rev. B., 55 6453-59
(1998) and references therein.

2. J. W. Park, M. S. Kim, J. G. Park, I. P. Swainson, H. C. Ri,
H. I Lee, K. H. Kim, T. W. Noh, S. W. Cheong, and C. H.
Lee, “Study of Low-temperature Magnetic Properties of
Ndg7Sry3MnOs,” J. Kor. Phys. Soc., 36 412-16 (2000).

3. I. G. Park, M. S. Kim, H. C. Ri, K. H. Kim, T. W. Noh, and
S. W. Cheong, “Magnetic Properties of Prg ¢3513;MnO; and
Nd, 751y 3MnO; Single Crystal,” Phys. Rev. B., 60 14804-08
(1999).

4. W. H. Jung, J. H. Sohn, J. H. Lee, J. H. Sohn, M. S. Park,
and S. H. Cho, “Alternating-current Electrical Properties of
CaMnO; below Néel Temperature,” J. Am. Ceram. Soc., 83
797-801 (2000).

5. Y. D. Li, J. H. Zhang, C. S. Xiong, and H. W. Liao, “Fer-
romagnetism and Magnetroresistance in Lag¢751933F€0,07
Mng 303, J. Am. Ceram. Soc., 83 980-82 (2000).

6. A. I. Mills, “Cooperative Jahn-teller Effect and Electron-
Phonon Coupling in Stoichiometry and Electronic Prop-
erties of La; ,A,MnQO3,” Phys. Rev. B., 53 8434-41 (1996).

7. A. L. Mills, “Orbital Ordering and Superexchange in Man-
ganites Oxides,” Phys. Rev. B., 55 6405-08 (1997).

8. 1. S. Zhou, J. B. Goodenough, and J. F. Mitchell, “Unusual
Thermoelectric Power of Single Crystal La; »Sr; sMn,O5,”
Phys. Rev. B., 58 R579-82 (1997)

9. C. D. Potter, M. Swiat, S. D. Bader, D. N. Argyriou, J. E.
Mitchell, D. J. Miller, D. G. Hinks, and J. D. Jorgensen,
“Two-dimensional Intrinsic and Extrinsic Ferromagnetic
Behavior of Layered La; ,Sr, sMn,O, Single Crystal,” Phys.
Rev. B., 57 72-5 (1998).

10. H. Asano, J. Hayakawa, and M. Matsui, “Preparation and
Properties of Triple Perovskite Laj;,Cay,3,Mn30, Ferro-
magnetic Thin Films,” Appl. Phys. Lett., 71 844-46 (1997).

11. H. Asano, J. Hayakawa, and M. Matsui, “Magnetotransport

in Perovskite Series La,_,,Ca;,,,Mn,O3,,; Ferromagnets,”

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30

853

Phys. Rev. B., 57 1052-56 (1998).
W. H. Jung, “Electrical Transport Properties of La;¢Ca 4
Mn,O; o7 System,” J. Kor. Ceram. Soc., 36 [8] 843-47
(1999).
D. A. Argyriou, J. F. Mitchell, C. D. Potter, S. D. Bader, R.
Lieb, and J. D. Jorgensen, “Unconventional Magnetostric-
tion in Layered La, ,Sr; gMn,0; : Evidence for Spin-lattice
Coupling above Tc,” Phys. Rev. B., 55 R11965-68 (1997).
M. Tokunaga, N. Miura, Y. Moritomo, and Y. Tokura,
“High-field Magnetization and Magnetoresistance of Lags
SrgsMnQ,,” Phys. Rev. B., 59 11151-58 (1996).
W. H. Jung, “Small Polaron Hopping Conduction of n=3
Ruddlesden-popper Compound La, ;Sr; gMn3O;q System,”
J. Kor. Ceram. Soc., 39 [3] 294-98 (2002).
W. H. Jung, J. H. Lee, and J. H. Sohn, “Small Polaron Hop-
ping Conduction of n=3 Ruddlesden-popper Compound
La, Sr; oMn30,4 System (II),” J. Kor. Ceram. Soc., 39 [9]
878-83 (2002).
M. Jaims, M. B. Salamon, M. Rubinstein, R. E. Treece, J.
S. Horwitz, and D. B. Chrisey, “High-temperature Ther-
mopower in La,3Ca;3sMnO; Films : Evidence for Polaronic
Transport,” Phys. Rev. B., 54 11914-17 (1996).
S. Pal, A. Banerjee, E. Rozenberg, and B. K. Chaudhuri,
“Polaron Hopping Conduction and Thermoelectric Power in
LaMnOs,s,” J. Appl. Phys., 89 4955-61 (2001).
G. Jakob, W. Westerburg, F. Martin, and H. Adrian, “Small-
Polaron Transport in Lay¢,Cag33MnQOs,” Phys. Rev. B., 58
14966-70 (1998).
E. Quenneville, M. Meunier, A. Yelon, and F. Morin, “Elec-
trical Transport by Small Polaron in LagsSrysMnOs,” J. of
Appl. Phys., 90 [4] 1891-97 (2001).
M. F. Hundley and J. J. Neumeier, “Thermoelectric Power
of La, ,Ca,MnOs,s : Inadequacy of the Nominal Mn**"**
Valence Approach,” Phys. Rev B., 85 [17] 11511-15 (1997).
W. H. Jung “Electrical Transport Properties of Lag 7St 3FeO3,”
J. KIEEME., 14 [16] 376-82 (2001).
W. H. Jung, “Electrical Transport Properties and Magnetic
Properties in (LaMn);;,03,” J. Kor. Ceram. Soc., 35 [8] 885-
89 (1998).
W. H. Jung, “Magnetic and Transport Properties of Cey;
TiO, 081, J. Phys. : Condens. Matter., 10 8553-58 (1998).
T. T. M. Palsta., A. P. Ramirez, S. W. Cheong, B. R. Zegar-
ski, P. Schiffer, and J. Zaanen, “Transport Mechanisms in
Doped LaMnQO; : Evidence for Polaron Formation,” Phys.
Rev. B., 56 5140-07 (1997).
V. H. Crespi, L. Lu, Y. X. Jia, K. Khazeni, A. Zettle, and M.
L. Cohen, “Thermopower of Single-crystal Nd,,(Sr,
Pb),MnOs.5,” Phys. Rev. B., 53 14303-08 (1996).
N. F. Mott and I. G. Austin, “Polarons in Crystalline and
Non-crystalline Materials,” Adv Phys., 18 41-102 (1969).
J. M. D. Coey, M. Viret, and S. Von Molnar, “Mixed-
valence Manganites,” Adv. Phys., 48 167-293 (1999).
S. Wang, K. Li, Z. Chen, and Y. Zhang, “‘Small-polaron
Transport in the Zn-doped Colossal Magnetoresistance
Materials Fe, ,Zn,Cr,S,,” Phys. Rev. B., 61 575-79 (2000).
. S. Bhattacharya, A. Banerjee, S. Pal, R. K. Mukherjee, and
B. K. Chaudhhuri, “Thermoelectric Power of Na Doped

A 40 A 9 5(2003)



854

Lag7Cay 3 y\Na,MnO; both in the Presence and Absence of
Magnetic Field,” J. Appl. Phys., 93 356-61 (2003).

31. P. Mandal, “Temperature and Doping Dependence of the
Thermoelectric Power in LaMnQOj;,” Phys. Rev. B., 61
14675-80 (2000).

32. S. M. Jaime, P. Lin, M. B. Salamon, and P. D. Han, “Low-

EERESEEE

33.

temperature Electrical Transport and Double Exchange in
Lag7(Pb,Ca)y33MnOs,” Phys. Rev. B., 58 1R5901-04
(1998).

F J. Blatt, D. J. Flood, W. Rowe, and P. A. Schroeder,
“Magnon-drag Tthermopower in Iron,” Phys. Rev. Lett., 18
395-99 (1967).



