
MATERIAL SCIENCE C-387 

MS10.06.03 THE STRUCTUR"-L PHASE DIAGRAM OF 
THE l\IIAGNETORESISTIVE OXIDE La1_xSrxMn03+8; RE
LATIONSHIP TO iVIAGNETIC AND TRANSPORT PROP
ERTIES. D. N. Argyriou, Mate1ial Science Division. Argonne 
National Laboratory, Argonne, IL 60439 . ~ 

The structural phase diagram of La1_xSr,Mn03+8 has been 
constructed as a function of both Sr doping (0 ::; x ::; 0.225) and 
oxygen partial pressure dming synthesis (2.1 x l 0-4 atm::; P(02)::; 

1 atm). The phase diagram contains a rhombohedral phase (), an 
orthorhombic phase (Pbnm), and a monoclinic phase (P21/c). For 
a given doping level x, decreasing P(02) yields smaller cation de
fect concentrations and consequently a reduction of the avera£e 
Mn oxidation state. The orthorhombic and monoclinic phases sy71-
thesized under low P(02) exhibit a cooperative Jahn-Teller distor
tion of the Mn06 octahedra, consistent with a high Mn3+/Mn4+ 
ratiO. For the La1-xSrxMn03+8 system a strong conelation is ob
served between structural and transport properties; orthorhombic 
and monoclinic samples are nonmetallic, while rhombohedral 
samples exhibit a temperature-dependent nonmetal-metal transi
tion at a temperature close to the Cmie temperature. Masmetore
sistance is observed for all three phases. We also find that for 
samples of constant Sr doping the effect of P(02) on magnetic 
transition temperature is significant. On cooling both rhombohe
dral and mthorhombic samples exhibit structural anomalies close 
to the magnetic ordering temperature. This anomaly exhibited by 
the orthorhombic phase will be briefly discussed. This work was 
supported by the NSF Office of Science and Technology Centers 
under contract DMR 91-2000. 

MS10.06.04 V. Caignaert 

MS10.06.05 THE TRANSITION FROM POLARONIC TO 
ITINERANT ELECTRONS IN THE ORTHOMANGAN
ITES. John B. Goodenough and J.-S. Zhou, Center for Matelia1s 
Science & Engineering, ETC 9.102 University ofTexas at Austin, 
Austin, TX 78712-1063 

The A-1\II03 perovskites containing transition-metal atoms have an 
M03 an·ay with M-0-M bond angles 180°- 'Pin which the angle 0 in
creases witl1 tl1e mismatch oftheA-0 and M-0 equiliblium bond len~s. 
The tight-binding bandwidtl1s for then-bonding t andcr -bonding e orbit
als of d-orbital parentage are w rc< w cr- In tl1e 01thomanganites Ln1-xAxMn03 
witl1 A an alkaline emth, tl1e octal1edral site high-spin Mn3+ ions have ad
electron configuration t3el:5Eg tl1at is orbitc1lly twofold degenerate, and 
tl1e on-site electron-electron coulomb energy for adding a fiftl1 d electron 
is Ucr= Wcr> w,. Consequently tl1e equilibrium reaction t3el = t3cr*I for a 
first-order trm1sition fmmlocalized-e to itinerm1t-cr* electrons is shifted 
to tl1e 1ight as the spin-dependent integral tij = £cr1cc?cos~cos(8;/2) is in
crea<>ed by decreasing <p, by increasing )YJ witl1 hydrostatic pressme, or by 
reducing tl1e angle 8ij between spins on neighbming Mn atoms witl1 an 
extemal magnetic field. The evolution fi·om polmonic behavior (tij < hvR) 
to nmmw-bm1d behavior (tij > hvR) is shown to pass tln·ough a novel 
vibronic state in which tl1e electrons of e-orbital pmentc1ge m·e strongly 
coupled to a cooperative, dynanlic J aim-Teller deformation mode of fi·e
quency VR. A first-order vibronic-polmonic transition occms at a Cwie 
temperatme Tc. The "colossal" negative magnetoresistance is associated 
witl1 an increase in Tc witl1magnetic field, b;t a gim1t magnetoresistance 
below Tc occms where m1 applied magnetic field either transfers Ander
son localized holes to the dispersionless vibronic bm1d or, at x = 0.5. slllits 
a first-order transition from a charge-ordered, antifeiTomagnetic phase to 
a feiTomagnetic, metallic phase. 

PS10.06.06 STRUCTURE AND GIANT MAGNETO RESIS
TANCE OF La113R113Ca113Mn03; by Guanghui Rao, Jingkui 
Liang, Jirong Sun and Yezhou Sun; Institute of Physics, Chinese 
Academy of Sciences, Beijing 100080, P.R. China 

The crystal structure of Lal/3RJ/3Ca113Mn03 was refined by 
conventional Rietveld method with x-ray powder diffraction data. 
The structure belongs to an orhorhombically distorted perovskite
type, S.G. Pnma. Under our synthesis conditions (sinte1ing the 
mixture ofR203, CaC03 and Mn02 at 1373K for 96hr with two 
intem1ediate grindings), single-phase samples witl1 the mthorhom
bic structure were obtained for R=La, Pr, Nd, Sm, Eu. Ga and 
Tb), while the samples with R=Dy, Er, Tm andY consist of the 
orthorhombic phase (S.G. Pnma) and a hexagonal phase (S.G. 
P63cm). The stability of the orthorhombic structure seems to be 
determined by a geometlical tolerance criterion for the perovskite: 
t 0.9~5. The magnetoresistance in a field up to 1 T and the mag
netizatiOn as well as ac susceptibility of the samples were mea
sured. A negative giant magnetoresistance effect as high as -96% 
was observed in bulk Lal/3Ndl/3Cal/3Mn03 at a filed of 0.67T. 
An insulator-metal transition occurs far below Curie temperature. 
The conductivity of the compounds exhibits a metallic behavior 
at low temperature, and a semiconductor behavior at high temper
ature dominated by magnetic po1m·on hopping. The correlation 
between the distortion of perovskite structure, magnetic structure 
and magnetoresistance was investigated. 


