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In this paper, we report polarized optical microscopy and electrical transport studies of manganese oxides
that reveal that the charge ordering transition in these compounds exhibits typical signaturaeartérssitic
transformation We demonstrate that specific electronic properties of charge-ordered manganites stem from a
combination ofmartensitic accommodation straend effects of strong electron correlations. This intrinsic
strain is strongly affected by the grain boundaries in ceramic samples. Consistently, our studies show a
remarkable enhancement of low field magnetoresistance and the grain size effect on the resistivity in poly-
crystalline samples and suggest that the transport properties of this class of manganites are governed by the
charge-disordered insulating phase stabilized at low temperature by virtue of martensitic accommodation
strain. High sensitivity of this phase to strains and magnetic field leads to a variety of striking phenomena, such
as unusually high magnetoresistance'f%) in low magnetic fields.
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Martensitic transformations, i.e., cooperative motion ofand is different from the external strains associated with
atoms resulting in a formation of different crystal structuregrain boundaries or substrate lattice mismatch in thin fims.
(martensitic phase omartensit¢ within a parent crystal, In martensitic transformations, growth of martensitic do-
have been known in metals and alloys for more than amains across a grain boundary is prohibited. As a result,
century!~3In transition metal oxides, where strong electron-morphology of the martensitic particles and the accommoda-
electron and electron-lattice interactions govern such phetion strain strongly depend on the grain size. Concordantly,
nomena as magnetic ordering, metal-insulator transitio®ur studies of polycrystalline manganite samples demon-
(MIT) and superconductivity, phase transitions are often acstrate thap becomes extremely sensitive to the grain size in
Companied by structural deformatio‘hﬁowever’ the struc- the presence of the martensitic CO phase. The mechanism of
tural transformations are often considered a secondary dhis effectis essentially different from the spin-polarized tun-
even a cumbersome effect. Here we demonstrate that tH¥eling across a grain boundary, which was found to be re-
synergy between martensitic accommodation strain angPonsible for grain-boundary effects in non-charge-ordered

HA fild4-16
strongly correlated electrons underlies the extraordinary e|eépa_lr_1r?anlte f|Irr:1§|. t the CO bh d the t .
tronic properties of the manganite compounds. € morphology of the phase an € transpor

Recent research on manganites has revealed that tfsCPerties of = BiCagMnOs  Pr;Ca,MnO;  and

physical properties of these compounds are governed by ccl)‘-ao.-”EP f0.35C8 37MNO; have been investigated by polarized
; I . : optical microscopy at low temperatures. These compounds
existence and competition of different magnetic and struc-

. ) d t ition f thy thigh-T cubi -
tural phases—paramagnetic insulating, charge-ordez€y uncergo a fransition from thgarenthignh-/ cublc paramag

. . ; : netic state to themartensitic CO insulating state aflcq
insulating, and ferromagnetic metall(EM) phases to list a =180, 230, and 210 K, respectivéiy-°Due to optical an-
few.* In particular, the coexistence of metallic and insulating ; ’ ’ '

! ! " Yisotropy of structurally distorted phases, the CO and cubic
phaseg_gleads to the percolative meta_l-_lnsulator tr_ans't'OBhases appear as bright and dark regions, respectively, in
(MIT),>" which is found to be very sensitive to a variety of gpservation with 90°-crossed polarizer and analyzer, with an

0-13 . . .
parameteré_. ~overall contrast increased when the distortion of the CO
Our studies show that many of the transport properties ophase is stronger.
charge-ordered manganites are determined byngensitic The CO transition in these compounds exhibits essential

natureof the CO phase manifested by nucleation and growttsignatures of a martensitic transformation. For example, Fig.
of the lenticular shaped CO domains, the rapid propagation shows a nucleation and growth of the CO domains within
of domain walls through the crystal during the formation ofthe parent cubic crystal in Bi,CaMnO; as a function of
martensite, and by thermal hysteresis of the resistiyilyat ~ time, whenT is set and stabilized just beloW.o=180K.

the CO transition temperatur@ o). Physical properties of Some of the domain walls were isothermally propagating
martensitic alloys are governed by the long-range deformathrough the crystal in a rapidly jerking motion—the phenom-
tions of the crystal lattice, the so-calleaccommodation enon known in martensitic transformations as “umklapp”
strain, which is induced as a result of nucleation of the mar-transformatior:> All mentioned systems exhibit large ac-
tensitic particles within the parent matrix® Growth of the ~ commodation strain at the CO domain boundaries. Indeed,
accommodation strain with lowering the temperat@i@ the peculiar shape of the CO domains, thin plates or lenses,
dominates the establishment of the thermoelastic equilibriun®s a morphological signature of martensites and is dictated by
between the parent phase and the martensite. This straiminimization of the elastic energy of the structural
inherent to martensites and transformation twins, is intrinsiaistortion’~3 Transport measurements of single crystals of
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La Pr04SSCaO.375MnOS

FIG. 1. Micrographs of Bj Ca, gMnO; single crystal taken with

a polarized optical microscope just beldo=180K in time in- 0 R R S U T
tervalsAt=1 s. Bright regions correspond to the CO domains; dark 0 20 40 60 80 100
ones to the cubic parent lattice. Nucleation and growth of the plate At (hours)

and lenticular shaped CO domains is evident.

) FIG. 2. Micrographs of polished polycrystalline
these compounds demonstrate a thermal hysteresis B, 7P 3:Cay 57 MNO; samples sintered af=1380°C for time
Tco, which is very typical for martensitic transformations intervalsAt=0 (initial pellet), 10, 40, and 100 fipanels(a), (b),
and is a result of partial irreversibility of domain wall (c), and(d), respectively. The average grain siz@l is indicated.
motion on cooling and heating. We note that the propertieThe dependencéd)? vs At is shown in the lower panel.
of other charge-ordered manganites are consistent with
martensitic phenomenology. For example, the CO transierystal lattice of each grain is nearly cubic and the micro-
tions in (Nd, Sm)_,SrMnO; (x~1/2) (Ref. 1§ and in  graph at 300 K shows almost uniform dark surfaceTAtear
Lay Ca sMnO; (Ref. 19 demonstrate signatures of marten- Tco~210 K we observe nucleation and growth of small lens-
sitic transformations. and plate-shaped CO domains within each grain. With fur-

Grain boundaries are known to affect nucleation andher cooling belowl o, the dominant effect is an increase of
growth of martensitic phases and, as a result, accommod#ie contrast of the image without further growth or shrinkage
tion strain is expected to be very sensitive to the grain size iof the CO phase. The increase of the contrast is a result of
polycrystalline samples. In order to investigate the influencencreasing long-range structural deformation of the CO
of grain boundaries on the accommodation strain, and thergghase. The amount of the CO phase does not noticeably
fore on physical properties of manganites, we have perehange even when the system is driven below the MIT by
formed systematic studies of single crystalline and polycryseooling [for this sampleTy,~130K; seep(T) data below.
talline samples of the same chemical composition withThis observation is consistent with recent x-ray and neutron

different average grain sizel)=3, 6, 9, 12, and 17m. All scattering studies, reporting no reduction of the volume frac-
the polycrystalline samples were prepared from a hightion of the CO belowT,, in related sample® 22
quality L&y 741 3:Ca 379MN0O5 pellet, which was synthe- Remarkable dependence of the transport properties on

sized by the standard solid-state reaction. The pellet wagrain size(d) is revealed by the resistivit{p) and low-field
carefully ground to obtain fine powder and then a set ofmagnetoresistancé MR=(py—o— pPskod!/P5Koel Measure-
additional sintering at 1380 °C was performed for differentments of polycrystalline Lgy74Pr 3:Ca 374MN0; samples
time periodsAt. The grain growth is described by the diffu- (Fig. 4). Data for a single crystal of the same composition are
sion relationshig d)?—d3=DAt, whered, andD are con-  shown for comparison. Althouglfico~210K is similar for
stants(Fig. 2. all samplesTy, , defined as the temperature of the maximum
Phase morphology of individual grains in the polycrystal-of d(log p)/dT on cooling, systematically decreases from 125
line Lag 27415 3:Ca 379MINO5 samples observed under a po- to 30 K when(d) is reduced from 17 to @um (the inset in
larized optical microscope throughout the temperature ranggig. 4). Finally, the specimen with the smallest grain size, 3
T~20-300K can also be understood in terms of large acum, does not exhibit the MIT down to 20 K below whigh
commodation strai{Fig. 3. Above the CO transition, the becomes too large to be measured reliably. Surprisingly, a
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FIG. 3. Polarized optical micrographs of the polycrystalline
Lag o740 3:Ca 37MNO; sample with average grain sized)

Ps x0e (©cm)
8&

=17pum and the MIT temperaturd&y,~130K, taken at various 102 F178m cooling |
temperatures on cooling. Bright regions correspond to the CO [ Crystal /.7 .. heating Teo
hase; dark to the cubic parental lattice. 4 L L :
phase; dark ones to the cubic p i 10 0 700 00 700
change of the grain size by a factor of 2 is sufficient to T (K)
switch the lowT state of the same compound from metallic o _
to insulating. The lowF resistivity, po=p(20 K), appears to FIG. 4. Temperature dependence of the resistiity) in zero

be the most grain-size-sensitive characteristic of the sample§1agnetic fieldd =0 (upper pangland in 5 kOe(lower panel of
For(d)=3-17um, p, varies systematically over the range the polycrystalline Lgyu7dr 3¢Ca 574IN0O;5 samples with different
0.1-16 O cm in H ’:6) grain size(d)=3-17um and a single crystal of the same compo-

sition measured during cooling and heating. The upper inset shows

ho d wh I ic fisld the dependence of the MIT temperatufg, , on (d) for zero field
much less pronounced when a small magnetic fi cooling (closed circles and for field cooling in 5 kOe(open

=5kOe is appliedFig. 4, the lower pang! First, this field circles. The lower inset shows the grain-size dependence of the

induces the MIT in the sample witfd)=3 um. Secondly, magnetoresistanddIR) in 5 kOe atT =20 K.
p(T) curves for all samples become much more similar in

H=5kOe, e.g.po and Ty, fall into much narrower ranges driven through the MIT. Therefore, both our transport and
for all (d). This behavior rejects possible arguments that thesptical experiments indicate that the martensitic CO phase of
strong dependence @f, on (d) shown in the upper panel is this system does not undergo the MIT and can only affect the
due to the morphological defects of ceramic samples such gsoperties of other phases, which undergo the transition.
grain boundaries or pores, as these “permanent” defects On the basis of our optical observations and transport
would not be sensitive to the magnetic field. Low-field measurements, we propose the following scenario for the
MRy in H=5kOe varies systematically with(d) MIT in these CO manganese oxides. The accommodation
=3—17um over a broad range 0.1-%(ee the insetSuch  strain, introduced by the martensitic CO domains into the
a large low-field MR cannot be explained by the spin-surrounding lattice af -o~210K, significantly affects the
polarized transport across magnetic domain boundariegroperties of the parent paramagnetic phase of
which has been shown to result in MR20—-30 % in system- Lag »78Pry 3:Ca 379MN0O5. When this phase is loaded with the
atically studied epitaxial films grown on bicrystal substratesstrain, its FM transition is suppressed, e, is shifted to
and in polycrystalline filmg?#-1¢ a lower temperature. Therefore, the parent phase tends to
It is well known that the magnetic field of 5 kOe is not retain its highT paramagnetic properties, remainicigarge-
strong enough to “melt” the CO phase and results only indisorderedandinsulating(CD-I) even at lowT. It is known,
rotation of the existing FM moments in the sampié?How-  that the martensitic strain is more difficult to accommodate
ever, the strong suppression of the grain-size dependence a$ the grain size of polycrystalline samples decrea3és. a
po by H=5 kOe is obvious after a comparison of the upperresult, the amount of strain-loaded CD-l phase is higher in
and the lower panels of Fig. 4. This suggests that the insuhe samples with smaller grain size. The presence of this
lating phase responsible for the largg in H=0 is much insulating phase results in an unusually high resistivity be-
more sensitive to the magnetic field than CO and, therefordpw the MIT and leads to the low temperature shift of the
cannot be the CO phase. This result is consistent with outransition with decreasingl). Our optical observations show
optical studies(Fig. 3), where no changes of the volume that the CO phase is not involved in the MIT directly. Thus,
fraction of the CO phase were observed when the sample the transition occurs within the parent phase, when it sepa-

Sensitivity of p, and Ty, to the grain sizegd) becomes
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rates into the FM metallic and strain-stabilized CD-I phasesamples on grain size. Our optical microscopy and magne-
at T<Ty, . It is noteworthy that the ability of strain to sta- totransport measurements at low temperature indicate that
bilize phases, which do not exist at all without the strain, isthe charge-disordered insulatinghase, which is responsible
well known in conventional martensitéd-or an illustrative  for the metal-insulator transition in the charge-ordered man-
comparison with a system without intrinsic martensitic ganites, is the parent paramagnetic phase stabilized at low
strain, recall La ,CaMnO;(0.2<x<0.5) where there is temperature by the martensitic accommodation strain. Vari-
no CO and, hence, little or no internal strain is present. Theyys signatures of martensitic transformations manifested in
MIT in this system occurs at much higher temperatufgi( mixed-valent manganites indicate general applicability of the
~275K) and resembles a second order phase transition. martensitic approach and phenomenology to the structural

~ In summary, we found that the martensitic accommodayhase transitions in oxides with strongly correlated electrons.
tion strain dominates the physics of the charge-ordering

transformation in manganites. Sensitivity of the martensitic This work was supported by the NSF under Grant No.
phase to the grain boundaries leads to the observed strikiigMR-9802513 and by the MRSEC program of the NSF,
dependence of the transport properties of polycrystalliné&srant No. DMR-0080008.
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