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Nuclear spin dynamics and magnetic structure of nanosized particles of LgSrgsMnO,
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Detailed studies of botf®Mn NMR spectra and nuclear relaxation, completed by magnetic measurements,
have been performed to obtain microscopic information on the magnetic structure of fing-sé@leand
~100-200 nm particles of Lg,SrMnO; prepared by the coprecipitation method. Measurements of the
resistance and magnetoresistance have also been carried out to assist these data. Our results on nuclear spin
dynamics provide direct evidence of previous statements that a grain boundary in magnetoresistive manganites
is not a magnetically and electrically sharp interface but should be considered as a transfer region of several
monolayers different from the grain’s inner part magnetic and structure orders.
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I. INTRODUCTION reported until now. In the present paper we report, for the
first time to our best knowledge, detailed studies of both the
Magnetic properties of manganites at the nanometer scalSMR spectra and nuclear relaxation, completed by magnetic
comprise an issue of great interest nowadays. A number gheasurements, for nanosized,k8r ;MnO; powders ob-
investigations of the grain size effect on magnetotransport otained by the coprecipitation method. The results indicate
magnetic properties of perovskites;LaA,MnO; have been that a nanoparticle’s crystal and magnetic structures can be
published recentlysee, e.g., Refs. 1—13n particular, with ~ modeled by a structure where, at least on a scale of several
regard to colossal magnetoresistive properties of manganiteglonolayers, the M-O-Mn bound states near the grain surface
spin electronics based on half-metallic properties of thes@re considerably different from those in bulk of the
materials, etc., the surface spin and structure disorders ar@fain. The temperature dependencies of the resistance and
their possible influence on the magnetism of manganiténagnetoresistancéMR) of nanocompact LgSr MnO;,
nanoparticles are matters of intense discussion. The followas well as break junctiongmagnetoresistance of the
ing draft picture for a grain-boundary magnetic structure hag-ag 7St sMnO3/Lag ;St ;MNnO; interface have also been in-
emerged at present: since the double exchange mechanisnmvigstigated. Experimental results obtained from electrical
sensitive to a Mn-O-Mn bound state, any structural disordefransport properties support the model.
near the grain boundar§oxygen non-stoichiometry, vacan-  In Sec. Il, we briefly describe the preparation and struc-
cies, stress, etcmodifies this exchange and leads to a spintural characteristics of the samples we are dealing with. Our
disorder. Due to a strong Hund’s interaction, spin disorderesults on macroscopic magnetic properties of compacted
around grain boundaries serves as a strong scattering cenfggwders are presented in Sec. Ill. Section IV is the central
for highly spin-polarized conduction electrons and results irone; here we present our extensive data on nuclear spin dy-
a high zero-field electrical resistance. The application of enamics for nanosized grains of {#r,MnO;. Transport
moderate magnetic field can align the originally disorderedoroperties will be discussed in Sec. V. In Sec. VI we sum-
Mn spins, thus reducing the scattering and leading to a gianharize the results and formulate the main conclusions.
magnetoresistance. However, so far the microscopic nature
of the surfa}ce .region.is not yvell und(_arstooq. This lack of Il. SAMPLES PREPARATION
understanding is manifested in some inconsistency between
the models and the experimental results. For example, it has We have selected the coprecipitation method as an
been assumed that the grain surface magnetization ®lternative method to a solid-state reaction, mainly used for
suppressed compared to the bulk magnetizétbmean- manganite bulk samples preparation. Our method allows
while, the Curie temperature near the grain boundary wasne to have more accurate control of the sintering tempera-
found to be enhancedsome authors found a shift of the tures, as well as of the final particle size. For this study, the
chemical potential between the external region and the inngrowder of Lg ;Sr, sMnO; was synthesized by the coprecipi-
part of the grairf>'° others suggest a high probability of tun- tation method supplemented by microwave heating and ul-
neling through paramagnetic impurity states in the intertrasound treatmenf.During the first step of preparation sto-
granular barrief;>° etc. The recognition and elucidation of ichiometric amounts of La(N§),, SrChb2H,0, Mn(NQ;)4
the grain size effect is crucial if manganites are expected t6H,O and (NH,),CO; were dissolved in a liquid solution.
be used in forthcoming micro-electronic devices. All chemicals that were used in the synthesis procedure were
Nuclear magnetic resonan¢lMR) is a suitable micro- reagent grade. A nanometer scaled, &, sMnO5; powder
scopic tool to provide further insight into the problem, be-was obtained directly by annealing the solution at 1000 °C
cause it probes locally different charge states and their dyfor 60 min. The precipitate was then washed several times in
namics. However, only®Mn NMR experiments on a series order to remove the by-products of the reaction. The hydro-
of LaysCay,3MnO; thin filmst® have been performed to date. gel was dried in the thermo-box. Powders were dried in
Nuclear spin dynamics of nanosized manganites has not begulsed magnetic field at 120 °C in a special setup with the
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FIG. 2. Temperature dependence of low-field FC magnetization
(solid curve and ac susceptibility®) for a nanosized powder of
Lay ;S MnO; (S1); and an ac susceptibilityO) of ceramic S2

FIG. 1. TEM image of Lg;Sr MnO; powder; larger particles samples of Lg-St, MnO;.

have a size 0f~100-200 nm; fine scale particles have a size of

50 nm. to ~250 K, while below this temperature the FC curve be-

comes similar to that observed in the bulk material. A similar

magnitude of magnetic fielH=10'-1C° A/m and fre-  pehavior with a maximum at 250 K is also observed for ac
quencyf=0.5-10 Hz. susceptibility(Fig. 2, dots, right pangl Remarkably, for Cu-

The phase structure of powdered and compacted sampleg temperature, determined as the onset of magnetization,
was determined by x-ray diffraction, as well as by transmisye find a valueT ¢~ 360 K, which is close to that in a poly-
sion and scanning electron microscopy. The jS5, ;MnO;  crystalline sample of the same compositidrBesides, the
patterns of pure rhombic perovskite structure were formedpehavior of magnetization (H100 Oe) and ac susceptibility
However, using transmission electron microscdfM),  for the S1 samples in between 365 and 250 K is well de-
we found that the powder was characterized by grains of tw@criped by[M(T)/M(0)]* law (dashed curve on Fig.)2
morphology typegsee Fig. 1 by particles of a relatively \hereM(T) dependence for polycrystalline sample is taken
large size(100—-200 nm and a shape close to rectangular, from Ref. 15. Note also, that the ferromagnetic-paramagnetic
and by fine scalé~50 nm particles with an isometric shape. transition is substantially broader compared to that reported
Our rough estimations give that about 50% of the powdein Ref. 15, indicating that grain size still plays an important
weight is particles of one morphology type and 50% is ofrgle, The sharp upturn in the magnetization curve below 44
another. Both types of particles have the same TEM imagg is probably due to the presence of a ferromagnetic phase
which corresponds to the x-ray diffraction data. We supposgy Mn30, in the amount 0f-7% [ Mn30, hasT.=42 K and
that the two types of particle morphology are due to the; =42 emu/g at 5 K(Ref. 16]. Note that a similar increase
presence of two oxide phases on early stages o magnetization was also observed by Zal® for nano-
Lag 751 3MnO3 syntheses processes. _ _ sized Lg/sSrsMn0O;, but the authors attributed this feature

The volume of the powder we were working with was tg spin-glass freezing on surface of nanoparticles.
about 100 g. To examine the grain size effect, half of the The ac susceptibility for the S2 samples is more conven-
powder was further annealedrf8 h at 1100 °CAccording  tjonal. The Curie temperature determined as the inflection
to Ref. 14, this leads to an increase of the average grain S'%“oint in the susceptibility curvel =364 K, is close to that

of the particles up to typical for ceramic systems values Olypserved in a similar polycrystalline sample.
about 1um. Powder before the annealing will be referred to

below as sample 1S1), and the powder after being annealed

as sample 2S2). IV. NMR EXPERIMENTS

The NMR spectra were recorded by the two-pulse spin
echo method at temperatures between 77 and 310 K using a
noncoherent spectrometer with a frequency sweep and box-

Magnetic properties were measured in Institute of Physicsar detector signal averaging. The NMR spectra were ob-
(Praha, Czech Republitsing a Quantum Design supercon- tained by measuring the integrated intensity of the spin-echo
ducting quantum interface devi¢BQUID) magnetometer in  versus frequency using=3.5 us, wherer is the time sepa-
the temperature range from 5 to 400 K. In addition, ourration between the two pulses. The spin-echo intensities were
home-made equipment was used for the measurement of tloerrected for thef?-type frequency response. The nuclear
initial ac susceptibility in between 77 and 400 K. spin-spin relaxation was studied by measuring the spin-echo

The temperature dependence of the samples S1 magnetiecay as a function of. We also probed the spin-lattice
zation in the field-cooledFC) process with an applied low relaxation using the saturation-recovery method. It was
magnetic field of 100 Oe is presented in Fig(sdlid line,  found that in general the spin-lattice relaxation is slower by
left pane). At cooling, magnetization increases smoothly upan order of magnitude than the spin-spin relaxation, and both

IIl. MAGNETIZATION
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FIG. 3. %Mn NMR spectra recorded for S&olid line) and S2 I N

(O) samples at 77 K. Inset: the same spectra on an expanded scale, 250 300 350 400
showing the details of NMR spectra at about 320 MHz. f (MHz)

have similar temperature dependences. This situation was al- FIG. 4. Temperature dependence Bkin NMR spectra in a
. 17 . nanosized sample. FAr=250 K spectra taken for three different
ready discussed fdit.aNa) manganites! Therefore, herein- o " .
. . . values of time intervar between the exciting and refocusing pulses
after we restrict our study of nuclear spin dynamics by con-,

L . . . are shown.
sidering the spin-spin relaxation only.

Closer inspection of Fig. 8ee the insetreveals an ad-
A. NMR spectra ditional relatively small contribution for the S1 sample at
The electronic moment of th&Mn ions is coupled to the fres= 321 MHz, corresponding to Mri states. The NMR
nucleus via the hyperfine interaction, so that the Mn nucleusignal corresponding to M was not detected probably be-
would experience, in a magnetically ordered state, a loca#ause of overlapping with strong MiV** signal and/or due
field given by to fast spin-spin relaxation. The line assigned to*Marises
most likely from the surface of the nanoparticles since it is
no longer observed for S2 samples. Notice that theé*n
NMR line was also detected in bgCa;sMnOs thin films 13
Another manifestation of the grain size effect on the NMR
spectra consists of a much broader main line for S1 samples
?solid line on Fig. 3, with a half-widti f ,,,=27 MHz) com-
pared to S2 sample@otted line with a half-widthAf,,,
=21 MHz). It is interesting that for a ceramic sample stud-
ied in Ref. 15, the NMR line at 77 K is still a little narrower
[Afy»=19(1) MHZ.
The NMR spectra of Lg;Sry sMnO3 nanoparticles at dif-

558,=AM,+ >, BiM;+By, (1)
|

where the sum on the right hand side contains contribution

from the on-site AM,), from the (six) magnetic nearest
neighbors, and from the external magnetic fi@gl to the
hyperfine field;M, ; is the averaged Mii’#" local magneti-

zation. The hyperfine coupliné in principle is a tensor of
symmetry according to the point group, whitg are of sca-
lar nature. The resonance frequemniy; is related to local ferent temperatures are displayed in Fig. 4. The increase of
field by f .= v|>°By|/27, wherey/27=10.6 MHz/T for the  temperature leads to a rapid, approximately exponential, de-
5Mn nuclei. Equation(1) predicts separate resonance fre-crease of the spin-spin relaxation tiffie which is similar to
quencies in the presence of nearest-neighbor vacancies, ather manganite system&?! We were able to observe
the appearance of inequivalent Mn sites, if the local symmeMn®*/4*(Mn**) NMR signal up to T,~1.5us (2 us),
try is lower than cubic, etc. which limits the maximum temperature of our measure-
55Mn NMR spectra of S1 and S2 samplesTat 77 K are  ments. AboveT = Ty,;~210 K (T, means the temperature of
presented in Fig. 3. The dominant line fat&=377 MHz is  transition to a two-phase stat@ complex dynamics of
typical of mixed valence metalliclike manganites and corre-nuclear spins, namely, a narrowing of the NMR spectrum
sponds to a fast hopping of electron holes among the Mnvhen the time intervak is increased, was detected. As an
sites. When the hopping of electron holes is slower than thexample, in Fig. 4 we show the spectra at three values of the
frequency splittingAf of the Mrf* and Mr** resonances, interval between the exciting and refocusing puléeee the
two distinct lines at f,~315-332MHz and f,s data forT=250 K). This effect is connected with the intrin-
~370-435MHz for MA"T and Mr**, respectively, are sic nanoscopic inhomogeneity of the ferromagnetic metallic
observed?®-2° state in manganites, and has been discussed in detail for
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FIG. 5. Temperature dependence of resonance frequencies for
Mn**3* (O) and Mrf* (@) in a nanosized sample. The dashed
curve represents the result for a polycrystaline sample FIG. 6. Nanopowder LgSr, gMnO; sample. Spin-echo decay
Lag -Shh sMnO;, from Ref. 15. Inset: the same dependencies for re-at the maximum of Mfi*** line for five values of the applied
duced values. magnetic fieldB, atB;=1 G (a) and for four values of the rf power

Bn‘ at 80:02 T (b)

T (us)

polycrystalline Lag ;Srpy sMnO5 in Ref. 22. Note that the char- B. Spin-spin relaxation
acteristic dimension of this inhomogeneity was estimated to |, 4 ferromagnet, a mixture of NMR signals coming from
23 14 3 ] .. k ! . .
be a few n.anometef§. It is not surprising, therefore, that pclej in domains and domain walls is usually detected. The
tlhOI?) effect is still observed for particles with the siz&0—  clej in the domain walls are shown to have a shorter spin-
nm.

_ ~ spin relaxation timéT, than the nuclei in the domairié For
The change of s with the temperature reflects, according both our samples, S1 and S2, the decay of the spin-echo

to Eq. (1), the change of the local magnetic momentyf;  amplitude is well described by the sum of two exponential
because the hyperfine coupling constaris temperature in- dependences. Moreover, we find that the decay depends on
dependent to a good approximation. The temperature depethe radio frequencyrf) of the field applied. Note that a simi-
dence of the NMR frequencies in §.#81,MnO; nanopar- lar behavior has also been reported fdta, Na
ticles is shown in Fig. Rdotg. The dashed curve illustrates polycrystalst’ It is natural therefore to attribute the faster
the results for a polycrystalline sample of 158, ;MnO;  component of the decay rate to the contribution of nuclei in
which were taken from Ref. 15. In the inset, for comparison the domain walls, while the slower one is attributed to nuclei
the temperature dependence of the reduced magnetic mtthe domains. Since a question may arise as to whether the
ment for the S1 sample and the polycrystalline sample, dedomain walls still exist for nanoparticles under consider-
duced from NMR and magnetic measuremeéntis, plotted ~ ation, we substantiated this attribution by measurements in
too. We can see for the S1 samples that, in the temperatusn applied magnetic field. Indeed, it is seen from Fi@) 6
interval under study, at least for the majority of Mn sitesthat the faster component disappears in a fije=0.2 T (at
giving rise to the MA™" NMR signal, the local magnetic a temperature 77 Kwhile the slower component survives at
moment of Mn changes with temperature in the same manndrgher fields(compare the curves faB,=0T and for B,

as for a polycrystalline compound. This indicates that the=0.17 T). On the other hand, in an applied magnetic field
double exchange strength in nanoparticle cisebe samas By=0.2 T the slope of the decay still depends strongly on
in the bulk material. On the other hand, for fnions, the the rf field usedsee the curves in Fig.(6)].

NMR frequency and reduced magnetization decrease with Shown in Fig. 7 are the rf field dependences of the am-
temperature much fastésee the full dots on Fig.)5This  plitudes[Fig. 7(a)] and relaxation timed, [Fig. 7(b)] ob-
implies that, as holes do not visit these sites, this group ofained by decomposing the decay recorded in zero external
sites is under the effect of usual indirect exchange interacfield atf .= 376 MHz for two exponentialgor nuclei in the
tion, that is weaker than double exchange and causes diffedomain with a relaxation tim@> , and relaxation tima5"

ent from the bulk magnetic order. The observed NMR tem+or nuclei in the domain wall

perature dependences do not confirm that the Curie

temperature near the grain boundary is enhafced. A(7)=AP exp(—27/T3) + APWexp — 27/ T3 ).
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where the hyperfine fiel8; is determed by Eq.1) andBj4

is the magnetic anisotropy field. Experimentally, enhance-
ment factor is related to the valu&" of the external rf
field, at which the amplitude of the spin echo for the given
group of nuclei attains its maximum:

7~ 1=3t(y/27)B",

wheret is the duration of the rf pulses.

Let us now return to the analysis of the data of Fig. 7 and
compare the results for samples S1 and S2. Taking into ac-
count broad distribution of optimal resonance conditions for
exciting the NMR signal, the amplitudes on Figaj’should
be treated as an average portion of the nuclei for which
B%'~B,;. The analysis indicates that in our case for both
samples the largest fraction of nuclei in the domains should
be excited by large rf fields and the fraction progressively
decreases for loweB,;; most of the nucle(>90%) are ex-
cited by B, between 0.2 ah 2 G (=4000-400B,
=90-900 G).

This analysis may be considered to be a tentative one, as
far as the real situation is more complex. In fact we should
take into account not only the contributions from nuclei for
which B, but also the non-negligible contributions from
nuclei for which BF'<B,; (“overmodulated” signals For
the same reason the estimation for the fraction of the nuclei
in the domain walls is also qualitative. However, it is clear
from our results that the contribution of the domain walls
signal to the NMR is even larger for nanosized S1 samples
[see Fig. 7a)]. The spin-spin relaxation is faster for S1
samples, especially for the nuclei in the domains. The differ-
ence is more pronounced at small rf fields, i.e., when the
signal arises from regions with largerand thus, according
to Eg. (2), with a smaller magnetic anisotropy. To demon-
strate this fact, the difference of relaxation rafgs" for two
samples is plotted in Fig.(@).

The nuclear spin-spin relaxation in manganites may be

The dependence of relaxation timig on the value rf field explained by fluctuations of the hyperfine field caused
B, suggests that there exists a spread of both the relaxatidwy the hopping of electron hole§,§1~thop, wherety,q, is
rates and the NMR enhancement factersn the samples the mean correlation time for hoppin§The data in Fig. 7
under study—the larger the rf field is, the more nuclear spingorrespond to the maximum of resonance line, where the
with smaller r and the longerT, contributes to the total Suhl-NakamurgSN) relaxation mechanism arising from in-
signal. A similar approach has been successfully applied tdirect spin-spin coupling mediated by virtual spin watés,
explain the NMR in the domain walls of Fe.In our case, provides an additional contribution f,

the intrinsic inhomogeneity of mixed-valency manganites,
caused by a random chemical replacement of different size

ions, such as L and Sf*, most likely also leads to an _ _ _
inequality of 55Mn nuclei states inside the domains. The dif- In the wings of the resonance line, however, the SN interac-
ferent size and form of the grains are also the additionai'(zq is ineffective and the relaxation is detlerm|ned by the
factors that cause the inhomogeneity of internal magnetid 2 (hop) contribution only. The values oF; “(hop) and
field acting on nuclei spins. Tgl(SN), obtained from the decays in the wings and maxi-
The actual field acting on the nuclei consists of the extermum of the resonance line for S1 and S2 sample8,at
nal rf field B,; and the field produced by oscillating magnetic =1 G, are listed in Table I.
moments of electrons. The presence of the electronic mag- The Suhl-Nakamura contributioﬁz’l(SN) to the relax-
netic moments thus enhances the effecBgf The corre- ation rate is the smallest for the nanosized S1 samples. This
sponding enhancement factor redfs. can be naturally explained because the effectiveness of this
mechanism depends on the number of nuclear spins, which
precess at or near the given frequency, and this number is
reduced with broadening of the NMR Iiné’.z’l(hop) is

T,'=T,(hop + T, }(SN).

7=Bnt/(Bo+Ba), )
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TABLE |. The nuclear relaxation tim&, parameters.

Domains Domain walls
T=77K S1 S2 poly®® S1 S2
T, Y(hop), ust 0.0341) 0.020 0.019 0.120 0.103
T,(SN), us™t 0.015 0.020 0.022 0.037 0.050

larger in samples S1 compared¥g *(hop) for S2 samples polarons.!” For the Mif* line (fhop<fred, if we assume
implying'” a slower moving of electron and holes in the that the spin-spin relaxation is also governed by the fluctua-
nanoparticles. Note that this effect is masked considerably itions of the hyperfine field due to the hopping, the increase
Fig. 7 due to SN contribution. of the relaxation rate with temperature should then be due to

The spin-spin relaxation raté[c,gl of the ®°Mn in nano- thermally activated hopping. As discussed in detail in Refs.
sized La ;S ;MnO; are shown as a function of temperature 28 and 29, corresponding centers in ferromagnetic insulating
in Fig. 8 together with the data for polycrystalline sampleMmanganites can be viewed as Jahn-Teller small polarons.
(Ref. 15, dashed curyeThe rates correspond to the contri-

bution of the nuclei in the domains at a large rf field. Two V. RESISTANCE AND MAGNETORESISTANCE
sets of data for the M /3" line at low temperatures are the _ _
rates at the center and at the wings of the line. Abdye ~ To complete our NMR data, we also investigated the re-

=210 K the rates for slower relaxing part of the spectra aresistive and magnetoresistive properties of }St ;MnO;
shown. It is seen that the grain size does not appreciablgompacted samples and d:&f MNnO3/Lag 7Sty MNnO;
influence the character of the temperature dependence of tfignctions as well. Here we briefly discuss these data.
relaxation, though the relaxation rate is larger for nanopar- Magnetotransport measurements were preformed using
ticles, as discussed above. The relaxation for thé Mime  the standard four-probe dc method. The samples were pre-
is faster in comparison with the main line relaxation, and thispared by the procedure described in Ref. 9. In particular, a
difference increases with increasing temperature. We notgowder plate sized 0:41x10 mn? was pressed and then
that the behavior of the relaxation for Kth and Mrf*/3* subjected to sparing annealing. The reduced temperature and
lines cannot be explained in the same way. For thé i short time of annealing made it possible to prepare plates
line, which corresponds to a fast hopping of electron holegvhose intergrain bonds exhibited the tunneling pattern of
(frop>fred . the increase of the relaxation rate with tempera.qurrent flow. In parti(;ular, this was reflected in th observa-
ture implies a slower hoppingf s fred Of electron holes tion of a clearly defined low-field magnetoresistive effect.
due to thermally induced spin disordefmagnetic The resistance of initial plates at room temperature was in
the range from 2 to 1d). The resistance of current and
potential junctions wag&~10" " Q cn?.

First, the temperature dependence of resistance of thus
prepared plates of lggSr, ;MnO; was measured. The latter
had a characteristic maximum in the neighborhood of 340 K,
associated with the metal-dielectric transititfiig. 9. The
magnetoresistive effedtp(T,0)— p(T,H)]/p(T,0), in alow
magnetic field was also measured; 8&77 K and H

L

'-:; =100 Oe, this effect was-9% (see the inset of Fig.)9

201 § 2 g The procedure for preparing single microcrystal junctions

[ 4 o 7 consists of making a ceramic plate of powder glued on an
- ,.@'ff@o ] elastic substrate. The substrate is bent until a crack appears
B =070 S B ) o )
RS @OO . in the ceramic plate that passes through all granules in the
o % o Tip — region of deformation. When the external load is relieved,
R /o | the plate returns to the initial position, the crack “closes,”

and the microcrystals are tightly pressed against one another

on the line of break. The most “correct” alignment of the
oop ot Lot 1 | break of microcrystals must be expected to be in a plate
T(K) region where the shear deformation is minimal. This is ap-
parently one of the reasons why such a procedure results in

FIG. 8. Temperature dependence of relaxation rates fdrfih  the realization of only one effective junction of the grain-
(O) and Mrf* (@) in a nanosized sample. Two sets of data for thegrain type. In the literature, junctions prepared by a similar
Mn**3* line at low temperatures are the rates at the center and dirocedure came to be known as break junctisee, e.g.,
the wings of the line. The dashed curve represents the results fdref. 9, and references thergiithe choice of a single contact
polycrystalline sample LgSr, ;MnO; from Ref. 21. At low tem-  with a minimal tunneling resistance from the competing ones
peratures the rates correspond to the wings of the resonance lineis assisted by the very specific nature of the tunneling effect
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T T One can see that in the hysteretic dependex(tt) for
"r R(T) T the bulk sampléFig. 9 and the tunnel junctiotFig. 10, the
7 maxima of the resistance in magnetic figlg~ 70 Oe virtu-
101 ] ally coincide. The hysteresis on tpéH) curves is caused by
the residual magnetization of microcrystals of the samples,
9r bulk * and the field of maximum resistance corresponds to the field
/E\ LaySro;MnO; o ] of coercivity Hc. Note that for a polycrystalline ceramic
S 8 H sample(large graing of a similar composition this field was
= ” ] found to be about 30 Oe.
Ll . |
58 T=77K ] VI. DISCUSSION
6 i
Mmam e W Let us first summarize the main features of tHMn
5L HO9 T NMR in the nanoparticles of LgSr, ;MnO; compared to the
L ! R S | bulk material.
50 100 150 200 250 300 350 400 (1) The NMR spectra are broader and, in addition to a
T motional narrowed MH™3* line, also contain a small con-
&) tribution arising from MA™ states localized on the time

-9
FIG. 9. Temperature dependence of the resistance of compacté&ale of NMR =107 s).
nanoparticles plate of gSr, MnO,. The inset gives the magne- _ (2) The temperature dependence of the NMR frequency

toresistive effect[p(T,0)— p(T,H)1/p(T,0), in a low magnetic for Mn**3* line and thus the co_rresponding Iocal_magnetic
field atT=77 K. moment of Mn are the same as in the polycrystalline sample

of similar composition.

in which the value of current depends exponentially on the (3) The .reduced NMR frequency for the K line /de-
barrier thicknesga variation of the barrier thickness by 1 A creases with temperature faster than that for thé.lw .
usually causes a variation of the junction resistance sever%r‘e' giving a suggestion that the double exi;har)ge Interaction
time ovel. The small thickness of the plate is an additionald0€S not take place for the corresponding Misites.
important factor in preparing grain-grain junctions. _(4) Spin-spin relaxation for the Mn"** line is faster,
Figure 10 gives representative behavior of the resistanclPlYing a slower motion of electron holes, especially in the
of Lag-StyaMnO;/Lag /Sty MnO; break junction as func- €9!0NS with _5maller magnetic anisotropy.
tion of magnetic field aff =77 K; the magnetoresistive ef- __ 1€ question we have to answer first is: whether these
fect, [ p(T,0)— p(T,H)1/p(T,0), in a low magnetic field; at features are really due to the small dimension of the particles

T=77K andH= 100 Oe. this effect was about 1% under study or are they connected with the inner imperfec-
' ' tions of such systems? Indeed, the vacancies in La/Sr'%ites

may be considered as a possible source of the NMR broad-

505 | 4 ening. It was documented in Ref. 31 that the linewidth of the
motional narrowed line in manganites containin@0% of

_ T=77K Mn** ions depends on the cation size disorder. The local

g lattice distortions caused by the vacancies are expected to

; hinder the hopping of Mn holes and thus should result in

both the appearance of the MnNMR line and an increase
500 | i of the spin-spin relaxation rate. However, the disorder must
also influence the Curie temperature strongly, as demon-
strated by Rodrigues and Attfietd Taking into account the
results of recent papets;>3we estimated that thebserved
broadening of the NMR lines has to be accompanied by the
decrease of § for ~40 K if the source of the broadening is
519 L - the vacancies in La/Sr siteSuch a possibility can be safely
ruled out since according to NMR data the Curie temperature
of the nanosized compacted|-&r, ;MnO5; powder does not
differ from T¢ in the bulk material with an accuracy better
than =5 K. For this reason we believe that structural disor-

' . ' . ' . . . ' ders, such as the oxygen nonstoichiometry, are not randomly

-200 -100 0 100 200 distributed in each particle, but mainly on the grain surface.
H (Oe) This assumption is further confirmed by the electrical
data, which support a model of the particles composed of
FIG. 10. Magnetoresistive effect of the two different parts: an inner core with physical properties
Lag /Sty aMNnO5/Lag .St sMnO; junction in low magnetic field at  similar to the bulk, and an outer shell with oxygen faults,
T=77K. vacancies, etc. Note, that based on the results of magnetic
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studies, Zhet al® and Lopez-Quintelat al,** recently pro-  55vin NMR spectra and a nuclear relaxation study of half-

posed a similar structural model for 46nMnO; and  metallic La, ;S sMnO; nanoparticles. It was found that the

LaysCasMNnO; nanoparticles, respectively. According to magnetism of the surface boundary is significantly different

this model the core is metallic and ferromagnetic, while thefrom that of the particle bulk. The surface magnétis)or-

shell is insulating and spin disordering. The results of ourder progressively decreases from the surface to the inner part

careful nuclear spin dynamic investigations can be reasorof the particles with non-negligible consequences for nuclear

ably fitted to this model. Indeed, the Kihline in the NMR  spin dynamics, connected with the electron-hole hopping.

spectrum most likely arises from the grain’s surface, whereg{owever, in the inner part of the particles the strength of the

holes are localized and the double exchange interaction igouble exchange interaction is preserved. Electrical transport

replaced by an indirect exchange interaction. The consequeptoperties support the model. These results are of great rel-

magnetic state possesses a lower ordering temperature aggiance for spin-electronic devices based on an exploration of

can be totally different from that of the core. The relativethe nanoscale magnetism of manganites and their half-

fraction of corresponding sites estimated from the integrateghetallic features.

area of the NMR signals consists of approximately 3% of

total sites. The magnetic properties of the inner part of the ACKNOWLEDGMENTS

particles are essentially the same as in the bulk material, as
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