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Stretched exponential behavior in remanent lattice striction of a(La, Pr); ,Sr; gMn,O- bilayer
manganite single crystal
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We have investigated the time dependence of remanent magnetostrictigih.anRy; ,Sr gMin,O; single
crystal in order to examine the slow dynamics of lattice distortion in bilayered manganites. A competition
between double-exchange and Jahn-Teller-type orbital-lattice interactions results in the observed lattice profile
following a stretched exponential function. This finding suggests that spatial growth of the local lattice distor-
tions coupled withej-electron orbital strongly correlates with the appearance of the field-induced colossal
magnetoresonance effect.
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The discovery of the colossal magnetoresistaf@®IR)  states after a very long time. Recently, Gordgiral® have
effect in doped manganites with perovskite structure haseported that the time dependence of the remanent magneti-
stimulated considerable interest for the understanding ofation of(La,Pn; ,Sr gMn,O; follows a stretched exponen-
their physical propertiesThough the insulator to metdM) tial function, which is closely related to a magnetic frustra-
transition and its associated CMR are well explained on theion between FM double-exchange and AFM superexchange
basis of the double-exchangBE) model, it is pointed out interactions. In several reports concerning cubic manganites,
that the dynamic John-TellgdT) effect due to the strong the magnetization and resistivity relaxation effects have been
electron-phonon interaction plays a significant role in thediscussed within the framework of the phase segregation be-
appearance of CMR as well as the DE interacti®further- tween FM metal and AFM charge-ordered insulating
more, Dagotteet al. propose a phase separation model wherestatest!~14 In addition, there are a few reports on magnetic
the ferromagnetic(FM) metallic and antiferromagnetic and transport properties in doped bilayer manganites which
(AFM) insulating clusters coexist and their model stronglyextend our understanding of a spin-glass-like phase related to
supports recent experimental studies on the physics dhe phase separation modéf However, to our knowledge,

manganite$. the slow dynamics of a lattice relaxation in doped mangan-
The bilayer manganite LaSr; gMn,0O, exhibits a para- ites has not been reported so far.
magnetic insulatoPMI) to ferromagnetic meta(FMM) In this paper, we report the time dependence of remanent

transition aroundT,=~120 K and its associated CMR magnetostriction in the Pr-substituted bilayer manganites. A
effect® In comparison with cubic manganites, the MR effectfrustration of lattice deformation between double-exchange
of the compound under consideration, due to its layerednd Jahn-Teller-type orbital-lattice interactions plays a cru-
structure, is enhanced by two orders of magnitude, at 8 Tcial role in the observed slow relaxation going from the FM
aroundT,. It is well known that Pr substitution on the La site metal to PM insulator.

leading to(Lay_,, Pr,); »Sr gMn,O; causes an elongation of Single crystals of(Lag 4, Pry ¢)1 5SH gMn,0O; were grown
thec-axis length in contrast with a shrinkage of #ié) axis, by the floating zone method using a mirror furnace. The
resulting in a change of they-electron occupation from the calculated lattice parameters were reported in Ref. 8. The
dezy2 t0 dg22 Orbital®’ For z=0.6, a strong suppression dimensions of the=0.6 sample are 343 mn¥ in the ab

of theeg-electron bandwidth leads to a PM insulating groundplane and 1 mm along the axis. Magnetostriction, both
state? However, the FM metastable phase with a metallicin the ab plane and along the axis, was measured by
conduction is easily obtained by the application of a mag-neans of a conventional strain gauge method at the Tsukuba
netic field. The field-induced first-order IM transition is fur- Magnet Laboratory, the National Institute for Materials
ther accompanied by a memory effect of magnetoresistanc&cience and at the High Field Laboratory for Superconduct-
magnetization, magnetostriction, and magnetothermaihg Materials, Institute for Materials Research, Tohoku
conductivity8-1° This memory effect may be explained by a University!® The magnetization measurements were made
schematic picture of the free energy exhibiting two localby using a superconducting quantum interference device
minima corresponding to the FMM and PMI states, as showrmagnetometer at Iwate University. A magnetic phase
in the inset of Fig. {a). In the absence of a magnetic field, diagram in the(H,T) plane was established from the mag-
the system stays in the stable Pl state but, upon field appliRetic measurements on tle=0.6 crystal as shown in the
cation, the FMM state becomes metastable against the PMilset of Fig. 1b).®'” The phase diagram is separated
state. After removing the field, the system should go back tanto three regions labeled as the PMI, FMM, and mixed
a pure PMI ground state through the various kinds of mixecphasegthe hatched area in th@l,T) pland. In the mixed
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0.1 . . . . ' ' axis, for the (Lag.4,Plye12SH gMn,0O; single crystal, are
< e shown in Fig. 1 as a function of magnetic field applied par-
R ""’"",'-’-‘." i allel to thec axis at selected temperatures. At 20 K, the value
f— L .‘/' of dL.(H)/L.(0) exhibits an abrupt decrease around 3 T,
X ab while the value ofdL,,(H)/Lay(0) rises at the same field
: 0 seegess 8 voUo;‘O;‘ o | value. Here, the value afl;(H) is defined ad ;(H)-L;(0).
— In other words, thec axis length suddenly shrinks around
; 005 | Wie at 2OKL \‘ ? 3 T in contrast with the expansion of tlab) axis accom-
E c 8 panied by the field-induced IM transition.. Combining
= (a) ' = dLap(H)/Lap(0) anddL(H)/L(0), a volume shrinkage asso-
= 01| ciated with the IM transition is deduced, indicating a drastic
© suppression of the local lattice distortion associated with the
=y PlQn transition from the localized to itinerant stafeThe resultant
B3 ] volume striction remains invariant down to zero field
P050000000, meoe: o - M@? although its magnitt_Jde depends on the resp_ective tempera-
02 L® it L tures. In the insulating state of hole-doped bilayer mangan-
0 1 2 3 4 6 7 ites, there exists a lattice disorder between the®1dg
Magnetic field (T) and Mrf*Og octahedra, with and without the JT local lattice
distortion, respectivel{? As we passT, from the insulating
o1 ' ' ' ' ' state, the Mn-O bond length disorder is increasingly
H//c at 25K - suppressed and, in the metallic state, it becomes less inho-
005 - ,,W | mogeneous than that found in the insulating state. Giant
= gosesese L ..-' 60 T T magnetostriction of thez=0.6 crystal is understood on
é b e / sol the basis of a strong suppression of the local lattice disorder
O fessevemenio, due to the field-induced FM phase, where the double-
8 %o A4° i exchange interaction is favorable against the orbital-lattice
d 005 L Lc ° gso interaction. Moreover, a polarized neutron diffraction
—~ ° study on thez=0.6 crystal suggests that the field-induced
am (b) \O 2 metallic state, where the field is parallel to theaxis, is
~ o1} % 10} characterized by a high population of tdg._,> orbital of
% se0q, % © Mn3*.20 This finding is consistent with the axis distortion
i %w%oee%% . %0, 6 based on the local JT effect in the insulating state, preferring
) o0 %Oo occupation of thed;,2_2 orbital through the orbital-lattice
S coupling.
02 ' ' ' ! ! ' Next, let us show in Fig. 2 the remananaxis magneto-
0 1 2 3 4 5 6 7 striction data of thegLag 4, Pry ¢)1 551 gMn,05 single crystal
Magnetic field (T) as a function of time, just after the field was switched off.

Here, the value ofdL(t)/dL.(t;) denotes the normalized
dLc(t)=[L(t)-Le(0)] by dL(to)=[L(tg<<0)-L(0)] where
L.(tg<<0) and L (t=0) correspond to the virgin and initial
values, before the application of field and just after the re-
moval of field, respectively. If the system fully relaxes to the
PM virgin state dL(t) should approach an equilibrium value
of dL.(tp). It should be noted that, at higher temperatures,
above 30 K, the remanent striction instantaneously decays
phase, the PMI and FMM clusters coexist, which is characjust after removing the field, while at low temperatures
terized by hysteresis in the magnetization curves. Thus, wéb K), the value ofdL(t) remains constant for 1 day. At
tried to look for a relaxation effect for the=0.6 crystal at 30 K, the lattice striction rapidly rises after removal of the
temperatures selected between 20 and 30 K, covering a lardield; then it relaxes by a half of the total value up to the
to small hysterises region. After cooling the sample down toelaxation time (=1.7x10?s) and finally restores the
the respective temperatures in a zero field, the field was aground-state value. Furthermore, at lower temperatures, it
plied along thec axis up to 5 T at a sweep rate of 0.2 T/min takes a much longer time fall to decay to the ground-state
and was then decreased down to zero at the same rate.Vv&lue, as shown in Fig. 2. The temporal profile of the rema-
dotted horizontal line in the phase diagram represents sudhent magnetostriction follows a stretched exponential func-
an experimental procedure crossing the phase boundation dL(t)/dL(to)=1-exd—(t/7)?], where r and 3 repre-
separating the hysteresis and FM areas. Finally, magnetesent the characteristic relaxation time and exponent,
striction data were recorded as a function of time just afterespectively. The fitted parameters and 8 are plotted
the field was switched off. as a function of temperature in Fig@3 Here, the tempera-
Magnetostriction data both in tlab plane and along the  ture dependence of is well described by a thermally

FIG. 1. Magnetostriction both in thab plane and along the
axis, for single-crystallinéLag 4, Pi )1 25 gMn,0;. A schematic
picture of the free energy with two local minima corresponding to
the FMM and PMI states is shown in the inset(af. The inset of
(b) represents a magnetic phase diagram in(thel) plane estab-
lished from the magnetic measurements carried out orze6
crystal.

132402-2



BRIEF REPORTS PHYSICAL REVIEW EO, 132402(2004)

1
L 6 ]
- (a) T=20K 10" Jos 1,
08 1 0.
P~ r B
R 5 3 0.8
<, 10° | ]
= .07 2
S @ ls &
=, 10° L ] 06 R
g e los B
] i)
1000 | 704
o L v e e ]
0 et 2100 3100 4100 5100 610 i 103
I mwo+— 1 Ty
uf ()
~_~ L
=
e’
%O
S~
~~
Nl
Q
~~
= S
~5
g
0 PR SR W [N SR T S IS WU T SN N ST S S N TR TN S N S T 2
0 2000 4000 6000 8000 10t 1210 ]
127 2t Gl 74
[ (C) T=30K .
1 Tt 1) G S X 7T IR
~ [ S e 0 510* 110° 1.510° 210°
Ho - . - -
~, osf ., time (s)
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8 [ time and exponent and B3, respectively, plotted as a function
° of temperature. The former is well fitted by a thermally activated
| 04
a3 ’ function, while the latter follows &-linear function. For compari-
o L son, in the inset ofa), the fitted parameters to remanent magneti-
’ zation data are also showrh) c-axis normalized magnetization
| . . . of the same crystal as a function of time after removing the field.
°0 T e 2000 ™ 7=3.1x10° s andB=0.16, at 20 K,7=1.2x 10* s and3=0.22 at

3000 4000
t (S) 30 K. In the inset of(b), the data collected fov (H) before mea-
suring the remanent magnetization are also shown.

FIG. 2. The remanenftc-axis normalized magnetostriction

of single-crystalline (Lag 4,Pio¢)1.25n gMn,0; as a function of  represents potential barriers between the metastable state
time, just after the field was switched off. The solid lines corre- 5nd the local maximum. A wide distribution of the potential
spond to a fit by a stretched exponential functid(t)/dLc(to)  parriers is related to a stretched exponential decay, leading to
=1-exj~(t/7)"], wherer and 8 represent the characteristic relax- o1 ynderstanding of the phase separation between FM and
ation time and exponent, gSpeCt'Ve@ =6.9x10's and B p\ clysters. For comparison, teaxis magnetization of the
;(l)gi féff;gg;&g;:tlsoSKandB'OAZ at 25K, andc) same crystal is presented in Fig(bB as a function of

' ' ' time after removing the field. In the inset of Fig(b3 are
activated functionr=A exp(A/kT) whereA=2.0x 102 and  also shown the data collected fof.(H) before measuring
A=30 meV. Moreover, the value of the exponent is roughlythe remanent magnetization. In the inset of Figa)3the
fitted by a linear function of the fornf8B=3x102+T/66.7. parametersr and 3, obtained by fitting the magnetization
Such a deviation from simple exponential decay needs furdata, are plotted as a function of temperafidrn a similar
ther treatment on the basis of a multiple-relaxation-time apway, the activation energy of the relaxation time is estimated
proximation to describe the observed relaxation effée@he to be 33 meV and the exponent is fitted to tfdinear
transition probability(7~1) from the FMM metastable to the function 8=4Xx 1072+T/167. We notice that the characteris-
PMI stable states is proportional to €xpU/kT), wheresU tic 7 of L. is about by two orders of magnitude smaller than
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that of M, on the same crystal, accompanied by a highetrue that the formation of domain walls never produces a
exponent. much longer time of the magnetic relaxation than the lattice
Here, we comment on some differences in the relaxatiomelaxation. However, some of domain walls and/or each spin
processes between the magnetostriction and magnetizatieme pinned at lattice defect sites, giving a long lifetime of
although both decay curves follow a similar stretched expomagnetic domains. Another scenario for the disagreement is
nential function. First, from the viewpoint of a frustration concerning the existence of magnetic polarons in the insulat-
among the competing interactions, both situations are differing state, causing a magnetic contribution. In particular, in
ent. The remanent magnetostriction slowly relaxes becaugée hole-doped bilayer manganites, Zheiwal. proposed that
of the competition between the double-exchange and JT-typ&ener polarons occupying two Mn sites form a ferromag-
lattice-orbital interactions. The former interaction causes aetic cluster in the paramagnetic regime abdyeo explain
suppression in the local lattice distortion along theaxis  the pressure effect on thermoelectric podfein addition, it
through the itinerant state, but the latter favors a lattice deshould be noted that the Debye-Wal{&\W) factor along the
formation through the local John-Teller effect. On the otherMn—apical-oxygen bond in the insulating state is grédter
hand, in a previous study carried out on t%e0.6 crystal, than the DW in the metallic one, at most by a factor of 2. In
the temperature variation of the magnetization exhibited ather words, the difference in the local lattice inhomogeneity
steep decrease in the zero-field-coolgdC) scan below between the metallic and insulating states is not as large as
Ty,=28 K, which is probably associated with a spin-glassthat in M between the ferromagnetic and paramagnetic
state® It is thus expected from the spin-glass-like behavior ofstates. Finally, we make some comments on the relaxation
M(T) that the decay process of remanent magnetization iphenomena of remanent resistivity in manganites. Resistive
closely related to a magnetic frustration between FM doublerelaxation studies support the view that the insulator-metal
exchange and AFM superexchange interactions. Furthefransition and its associated CMR effect are well described
more, we point out the discrepancy in the fitted relaxationfrom the viewpoint of both the phase separation and its re-
time betweerL(t) and M(t) curves as shown in Fig. 3. A lated percolation behavior of the metallic phds&:The spa-
gradual drop in thévI(H) curve at 20 K with decreasing field tial growth of Fhe local lattice dlstortlo_ns coupled with an
is quite in contrast to the field-independent behaviors(ef) eg-el_ectrqn orbital strongly correlates with the_ appearance of
andp(H) at low temperatures during the field sweep to Zero. the field-induced CMR effect through the spatial evolution of

The similarity in remanent values betweefH) and p(H) percolating paths. .

data strongly suggests that the system still remains a metallic In summary, we h_av_e rgported the tlme depgndence of

state with a volume shrinkage just after removing the fieldrem_anent magneto_strlcnon in the Pr-substituted bilayer man-

As one of reasons for the difference betwaéH) andL(H) ‘ganites. A fru;tratlon_ be.tween QOubIe-exchange_ and Jahn-
. . . . __Teller-type orbital-lattice interactions plays a crucial role on

_[or p(H)], we th'nk. that the nucle_at|on of magnetlt_: domamsthe observed slow relaxation of lattice going from the field-

in the metallic region probably gives a decrease/itH) at ., 4.ced EMM to PMI states.

low fields.
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