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Effect of particle size on the magnetic and transport properties of Lg g7;55rg 1odMNO 5
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The magnetic and transport properties of nanocrystallingglsar, 10gMNO; have been studied. Raw
samples, prepared by the sol-gel method, were annealed at different temperatures to produce samples of
particle sizes 18 nm, 36 nm, and 50 nm. Unlike bulk and single-crystalline samples of the same composition,
magnetization data of the nanoparticle samples show no signature of structural transitions. The effects of
particle size on the magnetic and transport properties have been attributed to the domain status, changes in the
Mn-O-Mn bond angle, and Mn-O bond length in comparison with bulk samples. Field-cooled hysteresis
measurements suggest a cluster glasslike behavior in the nanoparticle samples.
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[. INTRODUCTION den increase at this temperature. Detailed neutron-diffraction
and high-energy x-ray-diffraction studies have given evi-
Manganites having colossal magnetoresistive propertiedence of charge ordering at this temperaft?®*? Though
have been the subject of various research activities becauszere were contradictory reports suggesting that the low-
of the close interplay between the magnetism and the trangemperature phase be called an orbital ordered phase and not
port exhibited by these manganiteA. number of structural @ charge ordered pha$8;***now a consensus has been
and magnetotransport studies of the polycrystalline, singletéached that the phase is a charge orde@d) one. Dab-
crystal, and thin films of the doped manganites show that thé?Wski et al. have done a detailed magnetic, structural, and
ferromagnetic Curie temperature and the metal-electronic propert|esl5study of La,SrMnO; around the
semiconductor transition temperature are strongly dependefPMPOSitionx=0.125 They have observed for=0.125
on the preparation method. Of the various manganese peffat Tc=190 K and there exists a small anomaly Bt
ovskites, the La ,Sr,MnO, system has received a lot of ~135 K where magnetization decrgase:;. The resistivity also
interest because it exhibits the highélst among all the ShOW.S a de_cre_ase‘ﬁ{t;_ and then again an Increase below 140
doped manganite samples. Over the entire compositio which c_o_mcples with thef o observed in single crystals:
range, the system exhibits rich magnetic and electrical he transition is rather broad_because of the po]ycrystalllne
hased At low dooing levels k< 0.2) th o i ted nature of th.e sample_. An earlier report on a S|m|lgr compo-
phases.Allow doping Ievels €<0.2) the system is acanted giiion put with a varying oxygen contéfishows an insulat-
antiferromagnetic insulator for<0.1, aferromagnetlc insu- ing behavior throughout the temperature range and also a
lator for 0.1=x<0.15, and a ferromagnetic metal f&r  yery proad ferromagnetic transiton with no particular
=0.15. In the low doped regime of the L.aSrL,MNO; sys-  snomalies in the magnetization.
tem single crystals and bulk polycrystalline samples have |n this study we examine the influence of particle size on
been extensively studied because of the series of structurahis particular composition of the Sr-doped system. It is well
magnetic, and electronic phase transitions they undergo askwown that reduction in particle size has a direct conse-
function of temperature which is also a paradigmatic ex-quence on the electronic and magnetic properties of a sys-
ample of the interplay between carrier, lattice, spin, and ortem. Some salient features observed as we reduce the particle
bital degrees of freedoAi* The composition of size of magnetic systems dii¢ a decrease and broadening of
Lag g75515.1,MN0O; is in the region of ferromagnetic insula- the ferromagnetic transition temperatdig, (i) a decrease
tor. Exhaustive studies using single-crystal and bulk poly-in the magnetization in comparison with single-crystal and
crystalline samples have been performed on this composbulk polycrystalline samples, showing superparamagnetic
tion. The Lg g/555.129MIN0O;3 single crystal shows a series of behavior at very low particle siziii) an increase in resis-
structural transitions as a function of temperafifé. The tivity, showing insulating properties at very low particle size,
first transition is from the high-temperature rhombohedraland(iv) a higher value of magnetoresistance compared to the
phase to an orthorhombi®) phase at 450 K. The second bulk samples especially at low temperatures which is attrib-
transition occurs at around 270 R §o:) Which is associated uted to a spin-polarized intergrain tunneling mechanism.
with the O to O (the Jahn-Teller distorted orthorhombic These observations can be logically explained by assuming
phase transition. This O phase distorts to the orthorhombic the increase of an insulating grain-boundary contribution as
O’ phase atT~140K (Toor). At T~180K (To)  the particle size decreasks?’ Formation of grain bound-
Lag g75515 1.9MINO3 shows a paramagnetic to a ferromagneticaries causes broken bonds at the surface, which causes a
metal (FMM) transition which is associated with a decreasedecrease in the magnetization value. The increase in resistiv-
in the resistivity with temperature pddT>0). As the tem- ity is a consequence of the broken bonds as well. This is the
perature is lowered the FMM state gives way to a ferromagmost general observation in the case of nanoparticles of the
netic insulatoFMI) at T~ 140 K, which coincides with the manganite systed??! There are a few exceptions to this
Toror Structural transition. The magnetization shows a sudgeneral rule. A recent report by #uwon the La ¢Cay ,MnO;
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nanoparticle system show results contradicting the abovérst using oxalic acid and then dissolving in dilute nitric
facts on reduced particle size. He has shown that as the paaeid. The nitrates were mixed in solution, citric acid was
ticle size decreases, thg. increases and the resistivity de- added to it, and the resulting solution was slowly evaporated
creases. The decrease in the magnetization with an increakeget a pale orange-colored gel. The gel when decomposed
in the particle size and also the increase in the resistivity withat about 300 °C, resulted in a highly porous black powder.
the particle size cannot be due to the difference in the oxygemhe resulting powder was separated into parts and annealed
stoichiometry as explained by F&iThe difference has been for 6 h at 600 °C, 700°C, 900 °C, ark?00°C to produce
explained as being due to the strain at the grain boundariesamples of different particle sizes. The samples were charac-
The deviation from the general rule detailed above seems tterized by x-ray diffraction using a Phillips PW1710-based
be observed with the Sr-doped system as well, especially aliffractometer and the particle size was determined indepen-
low doping. Zhanget al. analyzed in detail the effect of the dently from x-ray and transmission-electron microscopy
annealing temperature on the magnetization for various (TEM) measurements. The magnetization and hysteresis
values in the La ,SrMnO; systent® They found that at measurements of the samples were taken with a homemade
low doping (x<0.25), the magnetization decreases with anmagnetometéf at fields of 10 Oe, 30 Oe, and 60 Oe from
increase in the sintering temperature and for higher doping~17 K to 325 K. The hysteresis measurements were also
(x>0.25), the magnetization increases with an increase iperformed in the same setup. The resistivity was measured
the sintering temperature. The lattice distortions are mainhpy a standard four-probe technique with probes attached us-
responsible for the change of magnetization in this systenng silver paste.

according to their analysis. In the low doped system of

Lag gsSIp.1gMNn0O;, they found that the bond angle decreased . RESULTS
and the bond length increased as the sintering temperature . .
increased, which explains the decrease in the magnetization A. X-ray diffraction

they observed. Our aim in this paper is to study the effect of Room-temperature x-ray-diffractiofKRD) profiles con-
the particle size on the rich structural, magnetic, and elecfimed the pure single phase of the samples at temperatures
tronic phases exhibited by the d.gs510.120VinOs System. o 700 °C, 900 °C, and 1200 °(ig. 1). The 600 °C sample
We ha_ve performed a detail_ed room-temperature structurgdhows an amorphous background and hence we did not in-
analysis and taken magnetic and electrical measuremenifde it in our further studies. The particle sizes as deter-
from T~10 K to 315 K to understand the effect of the par- mined from the x-ray data using Scherrer’s formula are 18
ticle size on the transitions seen for this composition. nm, 36 nm, and 50 nm, for the 700 °C, 900 °C, and 1200°C
annealed samples, respectively. These particle sizes were fur-
ther confirmed with TEM measuremeri&g. 2). Full profile
fitting refinements of the powder-diffraction patterns of all
Single-phase, nanocrystalline samples ofthree samples were performed using the program
Lag 57551 1,0MNO; were synthesized by the sol-gel method. FuLLPROF?® based on the Rietveld method. We obtained the
Suitable proportions of L#;, SrCG;, and MnQ were used  best fit for the rhombohedrdbpace groupgr-3C) structure
as starting materials. L®; was prefired at 1000 °C for sev- of the three samples. Our x-ray profiles were modeled using
eral hours to decompose residual carbonategOhaSrCG;, a pseudo-Voigt profile shape function. The refined param-
and MnG, were all converted to their corresponding solubleeters included the lattice constants, the atom positions, and
nitrates. LaO5; and SrCQ were readily soluble in dilute ni- the occupancy. The detailed values obtained are listed in
tric acid, however, Mn@had to be converted to Mn oxalate Table I. Though most of the polycrystalline bulk and single-

Il. EXPERIMENTAL DETAILS
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(k) FIG. 3. MagnetizatioM as a function of temperature measured
FIG. 2. TEM images of théa) 18-nm and(b) 50-nm particle ~ at H=30 Oe for the three samples. Inda} showsM(T) for the

size samples. 18-nm sample at 10, 30, and 60 Oe. Ing®tshowsM(T) for the

36-nm sample at 10, 30, and 60 Oe. The solid lines are to guide the

crystal samples show a orthorhombic phase at room tempergye'
ture, there are a few reports on the rhombohedral structure of
this composition as weft?® There has also been an report on confirm whether any structural transitions occur in the nano-
the stabilization of the high-temperature rhombohedral phasparticle samples of Lg7s5t 1,dMNO;. The T values are
at room temperature for a sample with a very close compotabulated in Table Il for the three samples. The values are
sition of x=0.152% It is well known that the lattice structure much higher than the reported valueTf for single-crystal
of the grain surface is often distorted. This may cause 4180 K) (Refs. 4,7,10,11 and 13and polycrystalline bulk
structural relaxation from the surface to the core of the grainsamples(190 K) of the same compositiof?.An interesting
Since the surface plays a dominant role as the particle siz€ature is that the FC magnetization decreases with an in-
decreases, the internal structure of the grains may be mofease in particle size. A large irreversibility between the FC
influenced by the surface for this nanoparticle system. Hencand ZFC curvegwhich starts at a temperatuil,, , tabu-
it is possible that we can stabilize a rhombohedral phase adated in Table I} is seen for all three samples which suggests
low annealing temperatures for small particle size in theséhe presence of magnetic clusters. The ZFC curve for the
samples. It may be likely that increasing the sintering tem-18-nm sample shows a well-defined peak at a temperature
perature and time, which promote grain growth, will cause al p~ 244 K (may also be defined as the freezing temperature
transition to an orthorhombic structure. This has been obef the clusters This ZFC peak is flatter in the 36- and 50-nm
served in the case of the=0.15 samplé® cases. Secondly;p also shifts with applied magnetic field in
these 18-nm and 36-nm samples indicated by a line in the
inset of Fig. 3 but such a shift is not observed for the 50-nm
sample. The magnetization approaching zero as we decrease
The field-cooled(FC) and zero-field-cooledZFC) mag-  the temperature antlp shifting with magnetic field are clear
netization curves of the three samples measured under iadications of single domain particle behavior. However, the
30-Oe field are shown in Fig. 3. The inset shaws/s T for  hysteresis behavior of the samples above the freezing tem-
the 18-nm and the 36-nm samples at three measuring fieldperatureT, confirms that the sample is not superparamag-
The structural transitions occurring as a function of temperanetic. ZFC and FC hysteresis measurements at different tem-
ture in this sample composition have been so far reported tperatures were taken for all three samples. The ZFC
be evident in the magnetization plots. However, such signahysteresis loops reproduce the same picture as that of the
tures are not present in our magnetization data. Detailed lonZFC magnetization in that the coercive fielg;, varies with
temperature XRD measurements need to be performed temperature in the same way as does the ZFC magnetization.

B. Magnetization and hysteresis

TABLE |. List of parameters obtained from the Rietveld analysis assuming a rhomboh&d&)(
crystal structure.

Tann Particle a c Mn-O-Mn dyn_o
(°C) size(nm) A) A) (degrees A)
700 18 5.4979 13.3435 167.061 1.980
900 36 5.2310 13.3537 165.348 1.980
1200 50 5.5325 13.3616 164.315 1.985
bulk 2 5.5246 13.3510 163.87 1.9638

%Reference 26.
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TABLE I1. Tabulation of the various temperatures obtained from does not change for the three samples which indicate that the

the magnetization and resistivity measurements. Mn**/Mn3* ratio is the same in samples of different particle

: sizes. This fact confirms that the stoichiometry of the
Particle Te Te Tirr T samples are the same, as should be, and that the stoichiom-
size (nm) (K)  at300e(K)  at300eK) (K etry does not change with annealing temperature. The value
18 268 244 269 170 of resistivity decreases largely as we decrease the particle

size. The MR(p(H)-p(0))/p(0)] value in a magnetic field

as low as 80 Oe is 5% for the 50 nm sample while it is about
3% and 1.5% for the 36 nm and 18 nm samples, respectively,
atTy,. The MR as a function of the field is plotted in Fig. 6.

. . . It can be seen that the MR behavior for the 50 nm samples is
However the FC hysteresis curves allow interesting conclu-

sions about the cluster behavior of our samples. We havglso quite dn‘fere_nt .compared to the 36 nm and 18 nm
X ; Sample. The MR is highest for the 50 nm sample, and nearly
cooled the sample in the presence of very small fiellsd)

and determined the reverse field £) required to nullify the the same for the 36 nm and 18 nm samglaields up to 7

remanent magnetization produced by the cooling field. Thé(Gaus$ The low field MR for the 50 nm sample drops

He vs Hec data are linear at all temperatures for all Samlolessharply with increasing field, whereas the fall is very gradual
c FC ic indi i
dHe/dHre (Fig. 4. which is a measure of the cluster re- for the other two samples. This indicates that the grain

sponse to the maanetic field3 decreases more sharply with boundary effects are widely different from the 50 nm sample
P 9 ’ . . Pl compared to the 36 nm and 18 nm ones. The MR calculated
temperature as we decrease the particle size.

at 7T is shown as a function of temperature in the inset of
Fig. 6. Two features are clearly observed at high fields. The
C. Resistivity and magnetoresistance low temperature transition to the insulating state becomes
more broadened, and the MR values of the 18 nm and 36 nm
sample(which are almost identical up to 7 kGaysget quite
idely separated out at this high field.

36 257 245 275 170
50 253 224 258 112

The resistivity of all three samples, without and with a
80-Oe field(Fig. 5), shows two distinct transitions as a func-
tion of temperature. As we decrease the temperature th¥
samples show a transition from an insulating to a metallic
state at a temperature generally referred to as the metal- DISCUSSIONS
insulator transition temperaturé&,,, . Below T~51 K, the
samples show an insulating behavior. This temperature m
mark the onset of charge and/or orbital ordering in thes
samplegsimilar to the case of bulk and single crysjads is
discussed later. We call this temperatirgy (staying with
the normal convention followed in this systerihe resistiv-

Our magnetization data for all three samples show wide
erromagnetic transition. Such wide transition is indicative of
a distribution of the strength of exchange coupling arising
from weaker magnetic interaction near the grain

ity behavior of the 50-nm sample is quite different from that ] 170K
of the 36-nm and 18-nm samples. The difference between ] 30.nm
Ty andT. for this sample is as large as 141 K while it is 86
K and 98 K for the 36 nm and 18 nm samples, respectively.
The Ty, and T for bulk samples coincide. Howeverq
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FIG. 4. Plot of dH/dHg¢ as a function of temperature for the FIG. 5. Resistivity of the three samples as a function of tem-
three samples. perature. The dashed lines show the resistivity in an 80-Oe field.
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boundary compared to the intragrain contribution, and als@f multidomain particles like a very flattened peak in ZFC
due to the distribution of particle size. In our system, TEM magnetization, and not affected by magnetic field. Hence
pictures show that particle size distribution is quite narromwe may say that there is a transition from multidomain to
for the three samples. Hence distribution of the exchangeingle domain particles when we reduce the particle size
coupling strength seems to play the most important role. Thgrom 50 nm to 18 nm. The 36 nm sample nearly marks the
transition hence becomes broad with the decrease of particiansition size because this sample shows features of a mix-
size, i.e., with the increase of the grain boundaries. We havgre of single domain and multidomain particles. The drop in
estlmatt_ad t'he ferromagnetic tran§|t|on width fr'o'm thg ZFCzEc magnetization beloWp, for the 36 nm sample, is not as
magnetization data where we define the transition width a§harp as the 18 nm one, nor the ZFC peak is as flattened as
t_he ‘?"ffefence between the temperatures at wh|c_h the MagNEie 50 nm sample. The shift @% with field is less for the 36
tization is 90% and 10% of peak value. We find that the . . .

: nm sample in comparison with the 18 nm one. From the ZFC
widths are 18.5 K, 27 K, 34.5 K for 50 nm, 36 nm, and 18 . .

It]ysteresls curves at 20 K for all the three samples, we obtain

nm samples, respectively. Short range magnetic cluster fo -
mation in the samples results in wide irreversibility betweenthe coercive field 8, as 6.5 Od50 nm samplg; 7.2 Oe(36

FC and ZFC magnetization. The irreversibility temperature™™ samplg and 5.1 Og18 nm sample The same trend of
T, andTp are magnetic field dependent for 18 nm and 36/Ncrease anc_i then decrease in hwith decreasmg p_art|cle
nm sample, rather for the 50 nm sample. Interesting conclu$iZé, iS obtained at other temperatures. The variation of co-
sions regarding the domain status of the samples can pcive field with particle siZ€*should show a peak at the
drawn seeing this field dependence and other features of theansition from multidomain to single domain. Ou haria-

ZFC magnetization curves. A cusp in ZFC magnetization igion seems to give a similar picture confirming further the
observed in spin glasses as well as in single domain angonclusion of transition from multidomain to single domain
superparamagnetic particles, although the origin of the beparticles as we decrease particle size from 50 nm to 18 nm.
haviour is significantly different for each system. Our sampleFocusing on the cluster formation in the samples, the FC
is not spin glass type because we did not observe any magrysteresis curves give a clear picture.(déH:c vs T (Fig.

netic relazation beloWw . So among the samples, the 18 nm 4) plots for different particle sizes is a measure of how the
one specially and the 36 nm sample to some extent, can b@uster responds to the magnetic field changes with tempera-
considered as either single domain or superparamagnetic. tifire. As we decrease the particle size, the number of clusters
superparamgnetic, thel, should represent the blocking in a particle decreases and they become more vulnerable to
temperature and above this temperature the sample shoulldermal activation. Hence diidHgc vs T curve shows a

not exhibit any hysteresis and also all the magnetization vsteeper response with changing temperature for the 18 nm
H/T curves at different temperatures should collapse intsample than the 50 nm one.

one curve®3! The 18 nm sample does not show any of The magnetic and transport properites of these perovskite
these two features. We observe a finite width of the hystermanganites are strongly coupled and are very sensitive to the
esis curve at temperature 270(Kuch higher tharmp) and ~ Mn-O-Mn bond angle and Mn-O bond length. Smaller Mn-
also M vs HIT curves at different temperatures are widelyO-Mn bond angles, and larger Mn-O bond lengths, tend to
separated. We may conclude that the 18 nm sample is in threduce magnetization and decredgebecause the exchange
single domain regime but it is definitely not superparamaginteraction between the Mn ions becomes weaker. The
netic. On the other hand the 50 nm sample shows propertiedouble exchangéDE) model shows that the transfer integral
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for electrical conduction between neighboring Mn sites isK for all our three samples. This phase is referred to in most
given byt=t, cos@/2) where 6 is the angle between the cases as the charge/orbital ordered phase. This charge/orbital
neighboring Mn spins. It has been found that for fine particleordered state is extensively reported to be different from that
perovskite manganité$'92133-3% decrease in magnetiza- observed in LaMn@ in that it is accompanied by an en-
tion and an increase in resistivity occur as we decrease thgancement of a FM state and is hence stabilized by applica-
particle size, because of broken Mn-O-Mn bonds at the suttion of external magnetic field. Superexchari§&) interac-
face of the smaller particles that hamper exchange interactiofion is the origin of ferromagnetism in this phase.
and degrade connectivity for electron conduction. It is inter-Observation of positive magnetoresistaritR) in the tem-
esting to observe a completely different behavior for fineperature regime just abovi. o confirms this charge ordered
particle samples of L7551 1,MNO;. It seems that the spin  state!®!In our fine particle samples there is neither an en-
interaction increases and connectivity improves as we dehancement of magnetization evident in the temperature re-
crease the particle size in this sample. Rietveld analysis afime below which an upturn in resistivity occurs, nor does a
our samples confirms that as we decrease the particle sizgsitive MR appear above it. We in fact get a very broad
from 50 nm to 18 nm, the Mn-O-Mn bond angle increasesow-temperature transition which becomes more smeared
and the Mn-O bond length decrea¢@able ). Hence we get with the application of magnetic field as high as 7 T, and
increased magnetization and enhandedwith decreasing hence it is difficult to detect any shift ilfic o with magnetic
particle size. Bulk sample values of the Mn-O-Mn bondfield. For polycrystalline samples, along with charge order-
angle and Mn-O bond length are also tabulated in Table | foing, the grain-boundary contribution results in a small Cou-
comparison. lomb barrier of electrostatic origin. This can cause this low-
Resistivity as a function of temperature shows two transitemperature insulating state. Balcedisal. and Rivaset al.
tions for all three samples similar to the btfik®=**%and  report that an upturn in resistivity occurs for the smallest
single-crystal samples.* As explained in the Introduction, grains and I scales as T2, with the slope giving the
an intermediate metallic behavior iT>0) occurs be- grain-size-dependent activation enetfi§® Zhu et al. re-
tweenTc andTg as seen in the bulk and the polycrystalline ported that the upturn in low temperatures occurs for nano-
samples. But in our samples the transition to the metallisized particles due to the damage of the double-exchange
behavior defined a3y, is shifted to a much lower tempera- mechanism in the disordered interfacial regtdrBut then
ture compared to th&. of the samples. The values @f,;,  broken surface bonds would also decrease magnetization,
andT¢ are listed in Table Il as well. It is well known that and the slope of the Invs 1/TY? curve should increase with
Twi andT¢ are both influenced by the Mn-O-Mn bond angle decreasing particle size. We get just the opposite behavior in
in these systems. The wide difference betwa&enand Ty, magnetization and even thoughgdrscales very well with
has been observed earlier in various syst&&* In the  1/T2 there is no change in the Coulomb barrier as a func-
case of the bulk polycrystalline and single-crystal systemstion of particle size. Heilmaret al. pointed out that Mn-O
this deviation has been pointed out as being due to the smalond lengths play a crucial role in determining the type of
A-site cation mismatch in these systefi€? In the case of exchange interaction involvéd.SE interactions, producing
nanoparticle manganites, a similar deviationTef and Ty, an FMI state, involve longer bond lengths than the DE inter-
has been attributed to the effect of the surface strain-induceskction which produces the FMM state. A change in bond
grain-boundary effect§:?? The deviation from ideal oxygen length with temperature can result in a transition from one
stoichiometry does not generally show such a strong variagype of interaction to another and consequently give way to
tion of Tc and Ty, as explained by Rivast al?! Hence the the FMM to FMI transition at low temperatures. However, to
main effect in nanoparticle manganites is due to the grainpoint out the definite reason for the low-temperature upturn
boundary effect. Huangt al. pointed out that there occur in resistivity for our nanoparticle samples, more extensive
antiferromagnetic insulating regions near the grain boundinvestigations need to be done.
aries. Such regions do not modify the transition temperature Now we focus our attention on the MR in these samples.
governed by the ferromagnetic core, but can make the ele®&s pointed out earlier, the general feature of the MR is quite
trical transition shift to a low temperatuféln our case, this different in the 50-nm sample compared to that of the other
discrepancy betweeh,, andT is an anticipated one, look- smaller particle samples. It has been a general observation
ing at the bond angles and the bond-length variation as that small particles show a higher MR due to the spin-
function of the particle sizéTable ). The decrease of bond polarized tunneling which has the highest contribution at the
angle and the increase of bond length affects the overlafpwest temperature. In the manganites, two distinct contribu-
integral between the two Mn ions and the conductivity be-tions of MR have been pointed out so far. One is the intrinsic
tween two grains is affected by the grain boundaries as wellMR which arises due to the suppression of spin fluctuations
The combined effect causes a large difference betwleen when the spins are all aligned in the sample on the applica-
andT),, especially as the annealing temperature increasestion of a magnetic field. This MR has the highest value near
The low-temperature transition 8t to an insulating the ferromagnetic transition temperature and decreases as the
state in the resistivity plot has been observed in singldemperature decreases. This is generally observed in the case
crystal™! as well as polycrystalline sampl€s8-214%0f  of single-crystal samples and single-crystal thin films. In the
this composition. However one major difference is that thispolycrystalline samples, there is an additional MR, which is
transition is observed &t~ 140 K (To) for single crystals  extrinsic in nature, arising due to the intergrain spin-
and bulk polycrystalline samples while it occurs at about 5Qpolarized tunneling(ISPT), across the grain boundaries
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present in the sample. This MR contribution usually in-peraturegup to 75 K), the difference in MR percentage be-
creases as the temperature decreases and also increases asvieen the 18-nm and 36-nm samples increases, as seen in the
particle size decreases. Until recently, it was believed that th€ig. 6 inset. This is the effect of better connectivity between
former mechanism is responsible for the MR at high fieldsgrains developed by the high magnetic field in the 36-nm
and the latter at low fields. But recent experiments havesample. Exchange interaction between grains is already
shown that the high-field response is also due to the exismuch better for the 18-nm sample compared to the 36-nm
tence of the grain boundary, and the nature of the graisample, so not much difference is a result of the magnetic
boundary is a key ingredient in the mechanism of electridield. However, for the purely multidomain 50-nm sample a
transport, since it constitutes the barriers through which carsharp increase in MR percentage is seen when the field is
riers should cross or tunn&** In our samples both low- swept from 0 to 1.5 kGFig. 6). Fields higher than this affect
field magnetoresistance.FMR) and high-field magnetore- the intergrain conductivity and this effect is more gradual
sistance (HFMR) decreases with decreasing particle sizethan affecting the intragrain resistivity, as indicated from the
which is in contrast to the behavior observed so far. We geslope of the MR percentage ¥ plot in the intergrain re-

an appreciable MR even at fields as low as 80 Oe. The MR iigion. This slope is also almost identical for all three samples.
our samples seems to be an extrinsic type because it appe&@s we can conclude that in the small particle size range from
at the lower-temperature regime and becomes almost negli8 to 50 nm, ISPT does not change much, but rather it is
gible at temperatures abovg,,. In an 80-Oe field, MR transition from the multidomain to the single domain struc-
varies from 2% to 5% al .o andTy,,, as we increase the ture that plays the major role in the decrease of MR as we
particle size. Rivast al.in fact reported that sol-gel samples decrease the particle size.

sintered at low temperatures show destruction of intrinsic
MR.?! Hence we can say that ISPT is the dominant mecha-
nism for the MR in our samples. But according to the ISPT
model, the LFMR should increase with decreasing particle We have successfully prepared fine particles samples of
size because we are increasing the disordered surface by desg g7550p 1,9VINO5 of 18 nm, 36 nm, and 50 nm by the sol-
creasing the particle siZ&%?*Hence we may have to iden- gel preparation method and studied their low and high
tify other contributions to the MR by looking at the nature of magnetic-field response. The sol-gel prepared samples show
the field dependence of the MR, which is shown in Fig. 6.very different magnetic and transport behavior compared to
From Fig. 6 it is clear that the mechanism of MR is similar in that of the bulk polycrystalline samples and single crystals of
both the 36-nm and 18-nm samples compared to that in ththis composition. Determination of the Mn-O-Mn bond angle
50-nm sample. To explain this we can take recourse to thand Mn-O bond lengths for samples of different particle
domain structure of these samples. The 18-nm and the 36-ngizes from Rietveld analysis enables us to explain such con-
samples are single domain samples, as explained earlier trasting behavior. As the particle size decreases, we see a
this section. So application of low magnetic field cannottransition from a multidomain to a single domain regime
much improve the intragrain conductivity, hence lower MR which brings significant differences in the magnetic-field re-
percentage values are observed in this case and they aimagtonse of the samples, in terms of magnetization and MR.
coincide. The small difference in MR percentage, if it existsWe are also able to study the cluster response of fine particle
at all, between the 18-nm and the 36-nm sample, comes froinag g7551p 1,9MNO5 from the FC hysteresis measurements.
the distribution of multidomain and single domain particlesFrom ZFC hysteresis data at different temperatures we fur-
in the 36-nm sample as it is the transition size from singlether verify that our 18-nm and 36-nm single domain particles
domain to multidomain. At higher field of 7 T and low tem- are definitely not superparamagnetic.

IV. CONCLUSION
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