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Lap.7Cap.3sMnO3 nanoparticles have been synthesized by modified citrate route with particle sizes of 20, 26 and 32 +3
nm respectively. The structural characterization has been performed by XRD and TEM analyses while magnetic
characterization has been performed by vibrating sample magnetometer (VSM). This work presents the study of size
effects on magnetic and electrical properties of Ca-doped CMR nanoparticles (Lag7Cap3MnO3). Different particle sizes
have been prepared by a wet chemical route. Magnetic characterization reveals that magnetization increases with the
increase in the particle size and the magnetic transition temperature for larger particles is the same as in the bulk
(258K). The ferromagnetic and resistive transitions are however broad compared to the case of bulk presumably due to
the role of the surface. The metal-insulator transition temperature is found to be at 158K while the resistivity shows
anomalous low temperature behavior with an upturn at low temperatures presu due to coulomb blockade effects.
Furthermore, the field dependence of the resistivity displays nonmonotonic behavior and is explained in terms of the

field assisted tunneling between grains.

PACS: 73.23 Hk; 73.63 —b; 75.47 —m; 75.47 Gk. 75.75 +a
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1. Introduction

Perovskite type Lni,AMnO; compounds where
A represents divalent cations (such as Ca, Sr, or
Ba) have been of interest for many years due to the
discovery of the colossal magnetoresistance [1] at
the hole doping concentration of (0.15<x<0.5).
Colossal magneto resistance (CMR) effects
observed around the Curie temperature T. [2] have
made these materials a leading candidate for the
application of magnetic sensors and reading
heads. This family of compound shows further
interesting electrical and magnetic characteristic
when the grain or particle size reduces to
nanometer scale due to the increase in the surface
and inter-grain (-particle) effects [3,4]. Lopez-
Qintela et al. [5] reported that the magnetization in
Lap7CapsMnO; increases as the particle size
increases but the magnetic transition temperature
(T.) does not depend on the particle size, whereas
K.Shanta [6] mentioned the dependence of T, on
particle size. The order of the ferromagnetic
transition itself may be affected by the finite size of
the particles and the incumbent changes in the
electron hopping/tunneling between particles since
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that may in turn affect the double exchange
mechanism.

The electrical transport properties of CMR
nanoparticle based systems also display interesting
differences compared to the bulk and behave like a
granular system that consists of small (nano)
grains surrounded by insulating material. The
electrostatic energy for the electron to hop from a
charged to a neutral grain can be written as [7];

E. = e%/2C = €°/4m god F(s/d) (1)

Where e stands for electronic charge and C is
the capacitance of the grain, gy is the permittivity in
vacuum, s is the grain separation, d is the grain
diameter and the function F(s/d) depends on grain
shape. From this equation it is obvious that E
becomes very large for very small grain size (at the
nanometer scale). Consequently for the small
grains, as the temperature decreases it is
increasingly difficult to activate the transport
process and the situation may evolve to a point
where the transport could be effectively blocked,
known as coulomb blockade. For such situations
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Sheng et al [8] suggested the temperature
dependent conductivity behavior;

o o exp [-2(ClksT)"] )

whereas in order to explain the magnetotransport
behavior for granular system two possible
theoretical mechanisms have been proposed, viz
spin dependent scattering between neighboring
grains [9] and spin polarized tunneling [10]. Most of
the recent reports of the magnetotransport effects
in nanoparticles appear to support the latter
hypothesis [11,12]. This latter model assumes the
presence of a magnetic barrier between grains with
misaligned spins that is reduced with increasing
magnetic field (magnetization) and leads to
increased conductivity. In general it has been
suggested that two mechanisms contribute to the
conductivity across the interparticle region, namely
tunneling through the barrier and the thermally
activated hopping over the barrier. Mitani et al. [13-
15] proposed a model based on spin polarized
tunneling influenced by the coulomb gap given as;

Rum o (1+P’m?%)™* exp (A/T)"? ©)

where P is the spin polarization, m = M/Ms is the
relative magnetization, and A is proportional to the
coulomb charging energy and barrier thickness.

In this paper we report the preparation of
Lay 7Cap3sMnO3; nanoparticles and the study of their
electrical and magnetic properties. The aim is to
identify the differences in the behavior compared to
the bulk behavior and the explanation of the same,
based on the size, surface related and interparticle
effects expected in an assembly of such particles,
from the point of view of the size and interparticle
effects and their consequences for the transition
itself and the magnetotransport phenomenon.

2.  Synthesis Technique

Lap7CapsMnO;  nanoparticles have been
synthesized by modified citrate route [16]. The
chemicals include: La(NO3)3;.6H,O, Mn(NO3),.
4H,0, CacCl,.2H,O and anhydrous citric acid, all
having purity upto 99.99%. We used the aqueous
solution of the above salts in stoichiometric
proportions. The pH was maintained at a level of 7
by adding concentrated NH,OH solution and
heating the mixture upto 80°C for 30 min. in order
to complete the reaction. Finally cooled metal
citrate solution was added to absolute ethanol
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yielding the citrate precursor, which was given heat
treatment, initially at 100°C then at 250°C for 6 hrs.
and finally above 600°C to get the final product.

The structural characterization of the powder
samples was performed using x-ray diffraction. The
crystallite size was estimated by applying the
Scherrer’s equation as follows;

D = 57.3kA/BCos6 (4)

where k is the particle shape factor (generally
taken as 0.9), A is the wavelength of CuKay
radiation (1.54A), p the calibrated half peak width
of the selected diffraction peak, 6 the Bragg angle
(half of the peak position angle) and D the
crystallite size. The average particle sizes that were
annealed at 600, 700 and 800°C, are found to be
20, 26 and 32nm respectively with an error of
+3nm. TEM analysis for size determination yielded
about 50nm average size for the particles annealed
at 600°C as shown in Fig.1. The difference
between the average particle size in the XRD and
TEM is not unusual. It has been reported in [5, 17]
that with the increase in the annealing temperature
particles tend to agglomerate. TEM image gives
the size of the agglomerated particles whereas
x-ray diffraction pattern gives the crystallite size of
the individual particles.

Figure 1. TEM image of Lag7CapsMnOs nanoparticles
annealed at 600°C. Average size is found to be
50nm.
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3. Results and Discussion

The Lag;CagsMnO; composition is  well
understood to be a ferromagnetic metallic below
T.= 258K [18]. The magnetization as a function of
temperature is shown in Fig. 2 for three different
particle sizes. The critical temperature T, was
estimated from the point where the derivative of M
vs T approached a maximum. It was observed that
the transition temperature for the 26 and 32 nm
particles was 258K similar to the bulk value [18].

the magnetization curves. It is observed that
saturation moment increases with increasing
particle size as shown in Fig. 3. This feature has
also been reported earlier [5] and is in accordance
with the core shell model for nanoparticles as
discussed above.
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Figure 2.

However, the transition temperature for the 20nm
particles was found to be 240K suggesting that for
smaller particle size (20nm) the finite size does
lead to a significant lowering value of the T.. It is
also apparent that the 20nm particles have a much
broader magnetic transition in comparision with the
larger particles [5]. These effects find a simple
explanation within the general picture of
nanoparticles as comprising a core-shell structure
[5] where the core (inner part) has a crystal
structure with negligible defects while the shell
(outer part) has numerous structural and bond
defects. The spin misalignments in the shell hinder
the interaction between the neighbouring grains or
nanoparticles and the moments undergoes a more
gradual transition as the temperature is lowered
and the spin correlations build up. With decreasing
particle size the effect of the surface (shell)
becomes more dominant, leading to increased size
effects for smaller size particles.

Saturation moments of the 20, 26 and 32nm
particles at a field of 10kOe were determined from
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Figure 3. Saturation magnetization (Ms) as function of particle
size (nm).
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Figure 4. Resistivity behavior of 20nm particles as a function
of temperature. Inset shows Inp has T2
dependence.

In order to measure the electrical resistivity we
pelletized the 20 nm size particles under pressures
of 400 kg-f/cm2 and determined the resistivity by
four probe method. Fig. 4 shows the resistivity
behavior p(T), for 20nm size particles in the
absence of magnetic field. The insulator to metal
transition temperature “Ty,” was determined to be
158K from the peak of the resistivity. This Ty, is
very low compared to the magnetic transition
temperature which was 240K for this case. In bulk
materials, in contrast, T, and Ty, are found to be
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nearly same [19] where increasing magnetic
correlations help the transport in the Double
Exchange model. This drastic difference in the
electrical and magnetic transition temperatures has
also been observed by others [3, 4]. A successful
model to explain this behavior of nanoparticles has
been proposed by Zhang et al. [20]. This model is
based on the assumption of core shell structure of
nanoparticles. Due to the presence of the defects
in the shell (e.g. oxygen vacancies) and the spin
misalignments theirin, the transport of electrons is
hindered between neighboring particles. Hence
while individual particles maybe ferromagnetic and
even metallic, the large intergrain resistivity
dominates till much lower temperatures leading to
low metal to insulator transition temperature (T, ).

The second important feature of resistivity is the
slowing down of the decline and then the upturn in
its value at low temperatures (T<40K). This is
shown in detail in the inset of Fig. 4, where Inp is
plotted vs T2, The linear variation of Inp vs T is
apparent for low temperatures. As discussed in the
introduction that such temperature dependence of
Inp is expected due to the presence coulomb
barrier at the intergrain regions leading to a
thermally activated form for p as suggested by
eg. 2;

p o exp[2(ClksT)"? (5)

We have also investigated the resistivity
behavior in the presence of D.C magnetic field.
The data is shown in Fig. 5, when the sample was
cooled at 10K while an identical behavior was also
observed for the p(H) behavior at 50K. The
resistivity is seen to start from a high value at H =0
and begins to decrease with increasing field (path
indicated as R; in the figure); in decreasing fields
down to zero (path R,) there is a significant
hysteresis for low fields with the resistivity being
lower than in the path R;. On crossing into the
negative field region (Rs) the resisitivity continues
to rise upto H=3500e and thereafter decreases.
The return path from the negative field maximum to
zero (path R;) has the same trend as in R,. Once
again on crossing into the positive field values from
zero (path Rs) there is a peak in the resisitivity as in
path Rs;. An understanding of this peak effect can
be explained from looking at the typical magnetic
hysteresis behavior (Fig. 6) at the lowest
temperature accessible in the magnetometry
experiment, 77K. The peaks in the resisitivity
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correspond to the regions where the remanent
moment obtained after cycling from high fields
declines to zero (0, H < H). The decline regions of
resisitivity vs field correspond to the field regions
where the moment is increasing (whether in a
positive or negative sense), while the hysteresis of
M (H) is reflected in the hysteresis in p(H).+

Q_JD_IUK —s—R1 L

a —e—RI |
—A—R3

& —+—R5 |

d

0.38 4 s

&

i

A
&
4
'
e

0.36 -

\

0.54 4

' '..-fi“:

£

0.52 4 =

plohm-m)

0.30 4 ! -
A
ek

0.28 4 o

6000 4000 2000 O 2000 4000 6000
H {Qe)

Figure 5. Field dependence of resistivity for 20nm particles at
10K. Paths indicated are as follows: R; increasing
field; R2 decreasing field; Rz field increasing in
negative direction; R4 the return path from the
negative; Rs cycling again to positive field direction.
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Figure 6. M(H) Loop of 20nm particles at 77K and maximum
field upto 10 kOe.

The low field magnetoresistance of the
particles, defined as [(p(0) - p(H)))/(p(0) is shown in
Fig. 7 for a temperature of 50K. These sharp peaks
at low fields (3240e) are closely similar to the trend
shown in [21, 22] for CrO, nanopowders and
ultrathin films of manganites, respectively. While
the high temperature and high field MR in CMR
compounds is associated with the stabilization of
the moment by the field and the consequent ease
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of electron transport within the grains, the low
temperature and low field effects have a different
interpretation. These arise, as in Eqg. 3, from the
improved intergrain conductance due to the
improved spin dependant tunneling when the field
is increased. The number of antiparallel
interparticle spin alignments peaks at the critical
field H. [21] leading to a large resistance as well as
large magnetoresistance effects. The strong
changes in the values of resistivity at very low fields
suggest that there is a weak linkage between the
neighboring particle moments so that the
application of even small fields results in a major
change in the resistivity values. The fields where
the peaks are observed (3240e) appear to fall
reasonably close to where one may expect the
coercivity to lie at this temperature considering that
H. at 77K is 2220e and may be expected to
increase further at lower temperature.
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Figure 7. Field dependence of magnetoresistance of 20nm
particle at 50K.

Comparison of the magnetoresistance effects at
50 and 10K is shown in Fig.7, where the zero field
values refer to values obtained after decreasing the
field to zero after exposing upto a high field i.e. in
the remanent moment state. It is evident that at low
fields the coulomb blockade effect is predominant
and the resistivity values are higher for 10K than
for 50K. However with increasing fields beyond the
peak, the increasing M dominates and with
increased hopping probability, the resistivity at 10K
decreases to a value less than the corresponding
value for 50K. Essentially the increased ease of
spin alignment at 10K promotes the spin
dependant tunneling to decrease the resistance
faster than at 50K.

Particle size effect on magnetic and transport properties

4, Conclusion

In conclusion we say that as the particle size
decreases the surface to volume ratio increases
and hence the surface effects become more
pronounced for smaller particles. Nearly all of our
results show the influence of surface effects on the
electrical as well as magnetic properties and
support the of core-shell model of our particles.
The lack of a resistive continuity in the
nanoparticles, due to the intergrain barriers may be
one reason that the conduction processes, and
hence the double exchange, do not show an abrupt
change at the T, where the ferromagnetic
alignments become long range. Similarly the
electrical properties of 20nm size particles show a
clear signature of the coulomb blockade testifies
that the conductance at low temperatures becomes
dominated by the activation over these barriers.
Also the decrease in metal to insulator transition
temperature and study  of low field
magnetoresistance support the weak linkage
between the particle moments due to surface
disorder. It is also evident from the low field
magnetoresistance studies that there is a spin
dependant intergranular tunneling mechanism
along with the coulomb barrier.
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