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Structure, magnetic, and transport properties of Ti-substituted Lay ;Sry sMnO 5
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°Graduate Center for Materials Research, University of Missouri-Rolla, Rolla, Missouri 65409, USA
3Department of Physics, University of Missouri-Columbia, Columbia, Missouri 65211, USA
“Department of Chemistry, University of Missouri-Rolla, Rolla, Missouri 65409, USA
5Tata Institute of Fundamental Research, Colaba, Mumbai 400-005, India
(Received 19 July 2004; published 26 January 2005

Ti-substituted perovskites kaSr, sMn;_,Ti,O3 with 0=<x=<0.20, were investigated by neutron diffraction,
magnetization, electric resistivity, and magnetoresistéltie) measurements. All samples show a rhombohe-

dral structurgspace groufR3c) from 10 K to room temperature. At room temperature, the cell parameters

and the unit cell volume increase with increasing Ti content. However, at 10 K, the cell paranreisra
maximum value fox=0.10, and decreases for-0.10, while the unit cell volume remains nearly constant for
x>0.10. The averagéMn,Ti)-O bond length increases up x&0.15, and thé€Mn,Ti)-O-(Mn,Ti) bond angle
decreases with increasing Ti content to its minimum valug=#2.15 at room temperature. Below the Curie
temperaturdl ¢, the resistance exhibits metallic behavior for #x0.05 samples. A metdsemiconductorto
insulator transition is observed for thie=0.10 samples. A peak in resistivity appears belgwior all samples,

and shifts to a lower temperature xaincreases. The substitution of Mn by Ti decreases 8@ hybridiza-

tion between O and Mn ions, reduces the bandwitlttand increases the electron-phonon coupling. Therefore,
the T¢ shifts to a lower temperature and the resistivity increases with increasing Ti content. A field-induced
shift of the resistivity maximum occurs at<0.10. The separation dfc and the resistivity maximum tem-
peratureT, . enhances the MR effect in these compounds due to the weak coupling between the magnetic
ordering and the resistivity as compared with, L8y sMnOs.

DOI: 10.1103/PhysRevB.71.014433 PACS nun®er75.50-y, 75.47-m, 61.12.Ld, 61.10~i

[. INTRODUCTION was introduced to explain the electronic transport mechanism
in the high-temperature regiod ~T;, where a strong
The A, ,A\MnO; perovskites are interesting systems be-electron-phonon interaction is required to reduce the kinetic
cause of the anomalous magnetic and transport propertigshergy of the conduction electrons. The local JT distortion of
exhibited by them such as colossal magnetoresistanage MnQ; octahedron lowers the energy of teg electron
(CMR), metal-insulator transitions, antiferromagnetic- and the charge carrier can then be localized to form a lattice
ferromagnetic ordering, and lattice dynamics associated withhonon. Therefore local lattice distortion aboVg rapidly
phase transitions:® Zener’s double exchang®E) interac-  decreases electron hopping, thus increasing the resistivity.
tion between MA* and Mrf* ions through charge carriers in Recently, it was found that polaron hopping was also the
the oxygen P orbitals was introduced in order to explain the dominant conduction mechanism beldw.1’~2°A sharp in-
coupling of magnetic and electronic properties in thesecrease of polaron density at temperatures bélgweads to a
compound$-'? Undoped LaMn@ is an A-type antiferro-  charge carrier density collapse, which is related to the resis-
magnetic insulator. By substitution of $awith a divalent tivity peak and the CMR of doped manganités.
cation, LaMnQ can be driven into a metallic and ferromag-  |n order to understand the unusual magnetic and transport
netic state. Both M# and Mrf* ions possess a local spin properties of doped perovskitég_,D,MnO;, many studies
(S=3/2) from their lowert3, orbitals, and MA* has an extra have been carried out by doping the trivalent rare earth site
electron in theg orbital which is responsible for conduction. (A site) with divalent atoms(Ca, Sr, Ba, etc>?2-26 Other
The spin of theeé electron in MA* is ferromagnetically studies have also shown that substitution for KB site)
coupled to the local spin crgg according to Hund's rule. Sr dramatically affects the magnetic and transport properties of
doping induces holes in the, band near the Fermi energy, perovskite$’=3°The B site modification has merit in that it
producing mobile holes and conduction. However, recentlirectly affects the Mn network by changing the fMAvIn**
studies have shown that DE is not sufficient to explain theatio and the electron carrier density. Therefore in order to
complex physics in these compounds, especially with regartietter understand the role of Mn and its local environment in
to the lattice distortions coinciding with the emergence ofLa, ;Sr, sMnO;, we studied the effects of replacing some of
CMR 314 An understanding of the Sr-doped systems re-the Mn with Ti. The structural, magnetic and electrical phase
quires one to consider both DE interactions in the®#4®-  transitions and transport properties ofgk&r sMn;_, Ti,O3
Mn“* pairs and the strong electron-phonon coupling, includ-with 0<x=<0.20 have been investigated by neutron diffrac-
ing lattice polarons and dynamic Jahn-TellefdT)  tion, magnetization, electric resistivity, and magnetoresis-
distortions!®>6The polaron effect arising from JT distortion tance measurements and the results are presented here.
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FIG. 1. X-ray diffraction patterns of LlggSryaMn;_TiOs O === f TR e "%m
(0=x=0.20 at room temperature. 5
Bl w020
Il. EXPERIMENTAL 10 T=10K
: : . : [

Samples of Tl-substltute_d LaSry sMn; 'I_'|X03, w_|th 5 i |
0=x=0.2, were prepared using the conventional solid state O o e e R
reaction method. Highly purified L®,, SrCG;, TiO,, MNnO -5 o
were mixed in stoichiometric ratios, ground, and then pellet- Br 020
ized under 3000 psi pressu@d 1 cmdiameter. The pellet-
ized samples were fired at 1500 °C in air for 12 h, then
reground and sintered at 1250 °C for 24 h in air. X-ray dif-
fraction of the powders was carried out at room temperature

using a SCINTAG diffractometer with CHl« radiation.
X-ray diffraction data indicated all samples to be single 20 (degree)

phase. Powder neutron diffraction experiments were per-

formed at the University of Missouri-Columbia Research FIG. 2. Neutron-diffraction patterns of kaSr Mn;_Ti,O3
Reactor (MURR) using neutrons of wavelength\ (x=0.0, 0.03, and 0.20at 10 K and RT.[The bottom curves
=1.4875 A. The data for each sample were collected befY,usY.,) are the difference between experimental data and refine-
tween ¥=5.65-105.60° at 300 and 10 K. Refinement of thement data. The vertical bars indicate the magnéticttom) and
neutron diffraction data was carried out using theLPROF  Bragg (top) peak positiond.Arrows indicate some of major mag-
programs! which permits multiple phase refinements as wellnetic diffraction peaks.

as magnetic structure refinements. Magnetic measureme%s

were conducted with a SQUID magnetomet@PMS e structural distortion and the magnetic interactions in
Quantum design The magnetization curves with zero-field these compounds, powder neutron diffraction measurements

cooling (ZFC) and field cooling(FC) were measured in an were performed at different temperatures. Figure 2 shows the

. L L neutron diffraction patterns of aSr, sMn;_Ti,O5 with x
ap_plled magnetic fleld_ of 50 Oe. Res,lstlwty data were ob ~0.0,x=0.03 and 0.20 measured at RT and 10 K. All pat-
tained using a physical properties measurement system

(PPMS, Quantum desigwith a standard four-point probe (€rns can be fitted with thB3c rhombohedral space group
method. (No. 167 in which the atomic positions are [v):

6a(0,0,1/4, Mn(Ti): 6b(0,0,0; O18(x,0,1/4. The P1
space group was used to fit the magnetic structure with col-
IIl. RESULTS AND DISCUSSION linear Mn magnetic moments because of its flexibility. Re-
_ ) ) fined structural and magnetic parameters are listed in Tables
Figure 1 shows the x-ray diffraction patterns of | ang || for RT and 10 K, respectively. For samples with
Lag 7St aMn,Ti, O3 samples, with 8x=<0.2, at roomtem- > 10, there is no magnetic ordering at RT sifge<RT,
perature(RT). All the samples are single phase and all peakyhereas for samples witk< 0.10, Tc > RT magnetic order-
positions can be indexed t0 451 sMnOz01 JCPDS S0- ing is observed. The arrows on the neutron-diffraction pat-
0308, space groufR3c. In order to investigate the details of terns of thex=0.0 sample(Fig. 2) indicate magnetic reflec-

014433-2



STRUCTURAL, MAGNETIC, AND TRANSPORT... PHYSICAL REVIEW B 71, 014433(2005

TABLE |. Refined parameters for kaSry 3Mn;,Ti,O3 compound withR3c space group at room tem-
perature(T=300 K). Numbers in parentheses are statistical errarand c are the lattice parametens is
magnetic momen is the unit cell volumeB is the isotropic temperature paramejgris [Rup/ Rexp]2 where
Rup is the residual error of the weighted profile.

Composition 0.00 0.03 0.05 0.10 0.15 0.20
a(A) 550382) 551071 5.51572)  5.52282) 5.53062)  5.531G2)
c(A) 13.35535) 13.363%4) 13.36995) 13.384%5) 13.40326) 13.41246)
V(A3) 350.36418) 351.44%16) 352.26118) 353.50821) 355.04222) 355.34123)
m(ug) 2.51428)  2.12133)  1.02263 0.0 0.0 0.0
X2(%) 2.81 3.28 3.60 3.23 4.64 2.98
0, 1%&,x 0.54222)  0.54372)  0.54482)  0.546G2) 0.54692)  0.54612)

B(A?), La(Sn, 6a 0.88233) 0.812433)  0.87335) 1.03042) 0.97543 1.14940)
B(A2), Mn(Ti), 6b  0.42354) 0.55656) 0.57459) 0.36466) 0.39467) 0.40463)
B(A?), O, 1& 1.221(25) 1.24825) 1.30627) 1.50137) 1.47537) 1.58635)

tion peaks that are not present for tke0.20 sample at RT. At 10 K, the lattice parametex shows a maximum value at
The peak intensities of the magnetic reflections decrease=0.10 and then decreasesxas0.10, and the unit cell vol-
with Ti substitution at both RT and 10 K. In addition, the ume increases up t0=0.10 and becomes almost constant for
refinement results confirm that the substituted Ti ions go into«>0.10. The refined magnetic moments of the Mn atoms
B sites, not into A sites, because the ionic radius of indicate that Mn atoms have a high spin state, and the aver-
Ti“* (0.605 A lies between the ionic radius of age valence state of the Mn varies from3 to 3d®2 for x
Mn** (0.530 A) and Mr#* (0.645 A).32 The tolerance factor, =0.0 andx=0.15, which suggests that the Ti atoms are in the
which is the geometric measure of size mismatch of perovsTi** state. The values of the temperature fa&asf oxygen
kites increase with increasing Ti content which is consistent with
_ the increase of the Mn-O bond length. This is likely related
t=(rasy+ ro)/l(ronTi + ro)V2] (1)  tothe structural disorder in the position of oxygen atoms due
to the substitution of Mn for Ti.
decreases linearly from 0.928 for J#r, ;MnO5 to 0.921 The average(Mn,Ti)-O bond length and(Mn,Ti)-O-
for Lag 7S15 aMng gTig 205, Which is in the stable range of the (Mn,Ti) bond angle extracted from the Rietveld refinement at
perovskite structure 0.89t<1.0226 Therefore, substitution RT and 10 K are shown in Fig. 4. The bond length of
of Mn by Ti does not change the crystal structure itself butLa, ;Sr, Mn,_, Ti,O5 increases up t=0.15 and remains
changes the bond lengths and the bond angles of thegMnQonstant thereafter fox=0.15, while the bond angle de-
octahedra. creases and attains an anomalous minimum valuexfor
Figure 3 plots the lattice parametersc and the unit cell =0.15 at RT. At 10 K, the bond length increases upxto
volumes of Lg 7Si sMn;_,Ti,O3 versus the TiTi**) content  =0.10 and remains constant far>0.10, while the bond
at room temperature and 10 K. The lattice parametecs  angle decreases with increasingThe bond length and the
and the unit cell volume increase with the Ti content at RT.bond angle are closely related to the oxygen positions.

TABLE Il. Refined parameters for lggSry sMn,, Ti,O3 compound with theR3c space group at low
temperaturd T=10 K). Numbers in parentheses are statistical er@ndc are the lattice parameternsi.is
magnetic momenV is the unit cell volumeB is the isotropic temperature paramejgris [Rup/ Rexp]2 where
Rup is the residual error of the weighted profile.

Composition 0.00 0.03 0.05 0.10 0.15 0.20
a(h) 5.48111)  5.494G1)  5.49891) 551161 5508942  5.50533)
cA) 13.27563) 13.30374) 13.31374) 13.33544) 13.34216) 13.374610)
V(A3) 345.39713) 347.75614) 348.64416) 350.82015) 350.65222) 351.05635)
mM(up) 3.44325)  3.46127) 3.50832)  3.42228)  3.28236)  2.91351)
Y2(%) 3.23 3.51 2.89 2.69 3.72 4.90
0, 18&,x 0.54311)  0.54422)  0.54481) 054671  0.54692)  0.54722)

B(A2), La(Sn, 6a  0.16726) 0.24028) 0.30233) 0.31829) 0.44937) 0.26948)
B(A2), Mn(Ti), 6b  0.12745) 0.23049) 0.27157) 0.16947) 0.29162) 0.17481)
B(A?), O, 18 0.32821) 0.53623) 0.59527) 0.64922) 0.92628) 0.94536)
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FIG. 3. Lattice parameter a,c, and volume of FIG. 4. AveraggMn,Ti)-O bond Ien.gth:éa), (Mn_,Ti)-O-(Mn,Ti)
Lag 7St 3Vin;Ti,O; versus Ti content at room temperature and atbond angles (b), and electronic bandwidth — parameter
10 K. cosw/ (dyn.0)3° (¢) of Lag Sty Mn,_Ti, O3 at room temperature

and at 10 K.

Therefore, an increasingvin-Ti)-O bond length and a de- th tic ordering t T I E h
creasing(Mn,Ti)-O-(Mn,Ti) bond angle are strongly corre- 0 N rr;agne ICI c;r e',;'r?g bemgera urg as we .th or a CI a:_rge—
lated. The changes in bond length and bond angle of MnO ransfer insulator, the band gap enefgyin the insulating

compensate one another to diminish the internal strain inphase can be written #5,=A-W, whereA is the charge-

duced by Ti*. Since the exchange interaction between'ansfer energy anVis the O-2-like bandwidth. In prac-

. tice, A changes little in the La,Sr,MnO5; system and thus
Mn-Mn depends on both the bond angle and the bond dis; . XX 3 .
tance, the decrease in bond angle and the increase in boflef bandw'ﬁtQN bt(;cotwessa T/Ia'n f_?.Ctg n tuning ghe tt;]and
length decrease the Mn-Mn exchange interaction which Ieadgap energ 'b O:j .ZWQW fo.3 nlj[?] be 3 céompound IS de
to a lower magnetic ordering temperattrg (see later dis- ecrease In bandwidtivincreases the ban g&g and leads
cussion ofM-T curves. to th_e metal to insulator tran3|t|0r_1 f<x_r> 0.10.

The electronic bandwidttW has been used to discuss Figure 5 shows the magnetl_zatlon versus temperature
magnetic and transport properties of perovskites with varie(?_M'T) curves measure_d_ und_er f'eld'COOI.éaQ and zero
A-site dopingt®23The empirical formula of the bandwidt ield-cooled(ZFC) conditions in a magnetic field of 50 Oe
for ABOstype perovskites using the tight binding for the x=0.05, 0.10, and 0.15 samples. A sharp paramag-
approximatiof®* is

Wee 2 E e B
(dvin-0)™ AP T iR
g K “20, —A— xa0.15, FC
where w:%(w—(Mn-O-Mn)) and dy.o is the Mn-O bond g Mm“““
length. The calculated values of ce$(dy,.o)>° using the g1t
refinement results are shown in Figcy We assumed the g ) L
bandwidth W is proportional to the values of %, ‘\J\O ;
cosw/ (dyn.o)®>. It is found that the bandwidtiv decreases ot . . . .
0 100 200 300 400

with increasing Ti content. Further, the bandwidth at RT is
smaller than the bandwidth at 10 K for a given Ti content.
The evolution of the bandwidth follows the change in the G 5 The magnetization versus temperatiMeT) curves of
(Mn-O-Mn) bond angle. The decrease in bandwidth reducesa, sy Mn,_,Ti,0s (x=0.05,0.10,0.16 measured under field

the overlap between the Opind the Mn-8l orbitals, which  cooling (FC) and zero field coolingZFC) conditions in a magnetic
in turn decreases the exchange coupling ofMxn**, and  field of 50 Oe.

TK)
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netic to ferromagnetic transition is observed at a critical temT..2% For the x<0.15 sample, a metasemiconductor to
peratureT.. Figure 6 shows the Curie temperatuigs of  insulator transitior(MIT) appears in the low-temperature re-
Lag 7SIy sMn,_, Ti,O5 for differing Ti content. The decrease gion. The field-induced shift of maximum resistivity to
in T is obviously related to the changes in bandwidth ashigher temperature appears for the 0.10 samples, and be-
seen in Fig. &). The T drops at a rate of about 10 K per Ti. comes negligible fox=0.15. The suppression of the resis-
\-shaped magnetization curves in ZFC emergexter0.10  tivity by the applied magnetic field occurs over the entire
samples. The existence afshaped curves under ZFC may temperature range for all samples. At Tc, the suppression
be evidence of the formation of ferromagnetic clusters with &0f the resistivity becomes weaker. According to the DE
spin glass state. The Ti substitution weakens the exchang@echanism, the mobility of the charge carriegselectrons
interaction and breaks the Mn-O-Mn network, and createdmproves if the localized spins are polarized. The applied
short range ordered ferromagnetic clusters. As more Ti iield aligns the canted electron spins which should reduce the
substituted, more inhomogeneous clusters are formed, whictfattering of itinerant electrons with spins and thus the resis-
leads to a broadening of the paramagnetic to ferromagnetidVity is reduced. Therefore an applied magnetic field com-
phase transition peak. A similar phenomenon has been ofetes with the thermal fluctuations and maintains magnetic
served in the Lg-Cay Mn;_,Ti,O5 systen?® ordering arou.ndl'c for the x=<0.10 samples, and thus shifts
Magnetization ~versus field (M-H) curves of theT,mato higher temperatures.
Lag /St aMn,_, Ti,O5 at different temperatures are plotted in Figure 9 ;hows the typical temperature dependence of the
Fig. 7. At 20 K, all samples reach a nearly constant value of’agnetoresistance  [MR=(po=p1)/ po < 100] of
magnetization under a fielti=0.6 T. The estimated mag- L8 7S/ 3Mn;1Ti O3 samples with 6<x=<0.20 under an ap-
netic moments of th&=0.0, 0.05, 0.10, and 0.15 samples pPlied field of 1 and 3 T. The maximum magnetoresistance
from magnetization data at 20 K are 3.79, 3.54, 3.24, andncreases with increasing Ti concentration. For example, the
2.49 ug per Mn atom, respectively. These moment values arén@ximum MR values are 30, 55 % under 3 T $0¢0.05,
in good agreement with the neutron diffraction refinement0.15, respectively. The temperature of the MR peak shifts to
results(see Table Ii. The theoretically estimated magnetic @ lower temperature, approximately 15 K per Ti. It is known
moments of Mn from its valence state taking into account thdhat in A-site electron-dopedA; ,A\MnO5(x=0.3 com-
dilution effect of TF*, are 3.70, 3.55, 3.40, and 3.35, Pounds, the metal-insulator transition temperaflie coin-
respectively. This suggests that the decrease of magnetizatigifles with the T¢, and the metal-insulator transition is
with increasing Ti content is not only due to the dilution of strongly coupled with the magnetic ordering transition.
magnetic MfAi* atoms but also due to the weakening of ex- Therefore, a strong variation of the electrical resistivity up to
change coupling by the cluster formation. several orders of magnitude, namely, the colossal magnetore-
Figure 8 shows the resistivity as a function of temperaturesistanc CMR) effect, occurs upon application of a magnetic
under different applied fields for aSty sMn,_,Ti,O3 com-  field near Tc. However, for Lg/SiMn;,Ti,O3 com-
pounds withx=0.0, 0.05, 0.10, and 0.15. In the temperaturepounds, theTc is different than from the metal to insulator
range 4-300 K, the resistivity of the samples increases as tHgansition temperature. The application of a magnetic field
Ti content increases. The resistivity of 08%=<0.10 shows has much more effect on the change of electric resistivity
a maximum value at temperatufg . below T, and then ~ when compared to LSt sMnO; due to the weak coupling
decreases as the temperature decreases. Finally the resistiyagtween the MIT and the magnetic ordering. An enhance-
increases again a6 decreases further for=0.10. The dif- ment of the MR effect is observed in these compounds, simi-
ference betweeflic and T, ,ax becomes larger as the Ti con- lar to that in Lg /Ca gMn,,Ti,O5 (Refs. 25 and 26and
tent increases andl, a, is lower thanTc. This behavior is ~ Pri«(Ca, Si,MnO; compounds®
quite different from that observed in the Ti-substituted The change of the electronic properties of Ti-substituted
Lay Ca Mn,_, Ti, O series which exhibit large differences Lag LCa 3Vn,Ti,O3 compounds is strongly related to the
betweenTc and T, max (Ref. 25 and T, max is higher than  electron  phonon couplind. Accordingly, in the
La;.SrMnO3 system, the strong electron-phonon coupling
400 localizes the conduction band electron as a polaron, due to

[o]
o

300 %

To Toma®
=23
[=]

N
[=]
T

n
S
Magnetization (emu/g)
B
o

100} .

o
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FIG. 6. The Curie temperatur€lc), and the temperature of
maximum resistivity(T, ma) Of Lag 7Sip gMn; ,Ti,O5 compounds FIG. 7. Field-dependent magnetization of
with 0=<x=<0.20. Lag 7Srp sMn 1, Ti,O3 (0=x=<0.20 at different temperatures.
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the competition between the self-trapping enetgy and the

L ! O

electron itinerant energy. The electron-phonon coupling con- L L . L L
stant\=E;/t, wheret is the electron hopping parameter 0 100 Tenggme (K;BOO 400
which is proportional to the electronic bandwidti. As P

mentioned above, the substitution of Mn by Ti decreases the g, 9. Temperature dependence of magnetoresistance of
overlap of the O-p and Mn-3l orbitals due to the decrease | 5,_Sr, sMn,_,Ti,O05 (0<x<0.20 compounds in the magnetic
in W, thus increasing the electron-phonon coupling. This refield of H=1,3 T.
sults in a shift ofT to lower temperatures and an increase of
resistivity with increasing Ti content. As a consequence, on
should consider a possible dependenc&gf on Ti content.
We cannot rule out the contribution frofy 1, even though
our data indicate that all the observ@@ and resistivity -
changes can be explained, at least qualitatively, by the p = AT exEno/kT). @
change inW. Especially, forx=0.15, the electron-phonon  Figure 10 shows the plot of (p/T) as a function of 1T
coupling becomes very strong, and the insulator behaviofor Lag-SryMn;_,Ti,O3 compounds withx=0.00, 0.05,
occurs belowT as shown in Fig. 8. The changes in band-0.10, 0.15, and 0.20 in the high-temperature region with zero
width W are not large enough to account for the dramaticfield resistivity data. Resistivity of all the samples shows a
changes in resistivity, and therefoig;+ might be contribut-  similar slope atT=T¢, which can be fitted well with the
ing significantly to the change of resistivity in these samplessmall polaron model indicating the formation of a polaron.
It has been proposed that, abokg charge may be local- The polaron hopping energ§,,, is calculated from the
ized in the form of JT polaror8.At T=Tg, the resistivity of ~ slopes. The calculated values Bf,, are 14.5 49.8, 132.0,

the CMR materials can be explained by the activated adia-
batic polaron equatici
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olLa,_sr, Mn TiO3 range hoppingVHR) polaron modef! and the adiabatic po-
o x::) 50 w’*“f laron hopping model. Only the VHR polaron model works
ot =l . reasonably well for the low temperature regibr:. 75 K, for

the insulating statex=0.10 sample. There may be other con-
tributions, such as ferromagnetic clusters, which would in-
crease the resistivity of the compound.

Saeesgesesse e oo

In{p/T) (QemK™)
b1
\\,

-4 x=0.10
o - >;=o.os X<0.0 | IV. SUMMARY
________ A The magnetic and electronic transport properties of Ti-
-83 r 5 6 _substiputed L§1_7Sr0_3Mn1_)ETiXO3 .have been systematically
1000/T (K') investigated. All the Ti-substituted kaSryMn;_Ti,O4

compositions have a rhombohedral struct(space group

FIG. 10. In(p/T) versus 1T plots in the high-temperature re- R3c). The correlation between ferromagnelig and T, rax
gion of L& 7Srp sMn;, Ti,O3 (0<x=<0.20 compounds. The dotted becomes weaker and spin glass clusters are expected in the
line is the fitting line. low-temperature region with increasing Ti substitution. The
resistivity in the high-temperature region suggests the forma-
138.3, and 152.5 meV for=0.00, 0.05, 0.10, 0.15, and 0.20, tion of localized polarons that affect the strong correlation
respectively. The increase Bf,qpis due to the substitution of between local structural changes and the MIT. The decrease
Mn by Ti which depletes the oxygemholes and leads to an of the bandwidthW decreases the overlap between the O-
increase in the polaron binding energy. This further confirms2p and Mn-31 orbitals, which in turn decreases the exchange
that Ti substitution at Mn enhances the electron-phonon incoupling of Mn-Mn and the magnetic ordering temperature
teraction, which decreas®¥ and increaseBqp at high tem-  T¢ as well. Our studies indicate that Ti substitution at Mn
peratures. The calculated polaron hopping energy shows @nhances the electron-phonon interaction in these com-
large variation between the=0.05 and thex=0.10 samples. pounds, which decreases the bandwidth and increases the
This is in good agreement with the sharp increase in resigeesistivities in the entire temperature range.
tivity and its temperature dependence. Some studies have
also suggested that polaron hopping is the prevalent mecha- ACKNOWLEDGMENTS
nism to explain resistivity belowW..2"-3°However, we were The authors thank Aranwela Hemantha for invaluable
unable to fit the resistivity data of the Ti-doped help in magnetoresistance measurements. The support by
Lay 7SIy sMnO; samples belowl - with several other polaron DOE under DOE Contract No. DE-FC26-99FT400054 is ac-
models such as the semiconducting mdfelhe variable knowledged.
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