
J Supercond Nov Magn (2014) 27:1553–1560
DOI 10.1007/s10948-013-2474-z

O R I G I NA L PA P E R

Fabrication and Magnetic Properties of Electrospun
La0.7Sr0.3MnO3 Nanostructures

Rattakarn Yensano · Supree Pinitsoontorn ·
Vittaya Amornkitbamrung · Santi Maensiri

Received: 24 October 2013 / Accepted: 27 December 2013 / Published online: 11 January 2014
© Springer Science+Business Media New York 2014

Abstract La0.7Sr0.3MnO3 (abbreviated as LSMO) nanos-
tructures were fabricated by a simple electrospinning us-
ing a solution that contained poly(vinylpyrrolidone) (PVP),
lanthanum, strontium and manganese nitrates. The LSMO
nanostructures were successfully obtained from calcination
of the as-spun LSMO/PVP composite nanofibers at 500–
900 °C in air for 7 h. The as-spun and calcined LSMO/PVP
composite nanofibers were characterized by X-ray diffrac-
tion (XRD), scanning electron microscopy (SEM), and
transmission electron microscopy (TEM). Analysis of phase
composition by XRD revealed that all the calcined sam-
ples have a single rhombohedral LSMO phase. The SEM
results showed that the crystal structure and morphology of
the LSMO nanofibers were affected by the calcination tem-
perature. Crystallite size of the nanoparticles contained in
nanofibers increased with an increase in calcination tem-
perature. The specific saturation magnetization (Ms) values
were obtained to be 1.23, 28.61, and 40.52 emu/g at 10 kOe
for the LSMO samples calcined respectively at 500, 700, and
900 °C. It is found that the increase of the tendency of Ms is
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consistent with the enhancement of crystallinity, and the val-
ues of Ms for the calcined LSMO samples were observed to
increase with increasing crystallite size. This increase in Ms

for the calcined LSMO samples with increasing crystallite
size may be explained by considering a magnetic domain of
the samples.

Keywords Manganite · Electrospinning · Nanofibers ·
Nanostructures · Magnetic properties

1 Introduction

Perovskite manganites Ln1−xAxMnO3 (Ln: trivalent rare-
earth ions, A: divalent alkaline-earth ions) have recently
attracted much attention due to their interesting physical
properties and potential applications [1–3]. Among oth-
ers, Sr-doped LaMnO3 is particularly of interest due to its
good magnetic, electrical and catalytic properties. Sr-doped
LaMnO3 with nominal composition La0.7Sr0.3MnO3 (ab-
breviated as LSMO) showed a better performance as com-
pared to other compositions and therefore it has become the
research focus in this material system: LSMO possesses the
highest value of Curie temperature (TC = 370 K) and com-
bines low carrier density (1021–1022 cm−3) with a high spin
polarization of charge carriers, which makes it very promis-
ing in room temperature applications [4, 5]. It also has the
largest magnetoresistance (MR) near room temperature and
it is already widely recognized that the double exchange
(DE) interaction between pairs of Mn3+ and Mn4+ ions
through an oxygen atom is responsible for the ferromagnetic
and metallic properties in these manganese oxides [6–8].

Recently, nanocrystalline magnetic materials have re-
ceived much attention due to their novel material properties
that are significantly different from those of their bulk coun-
terparts [9]. The nanostructured magnetic materials such as
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nanorods and nanowires have currently attracted much inter-
est due to their enhanced magnetic property [10, 11]. Nanos-
tructured form of magnetic materials would be of great in-
terest due to their large surface-to-volume ratio, and this
expands their technological application in many areas in-
cluding nanocomposites, nanocatalyts, nanosensors, nano-
electronics and photonics.

Electrospinning represents a simple and convenient meth-
od for preparing polymer fibers and ceramic fibers with
both solid and hollow interiors that are exceptionally long in
length, uniform in diameter ranging from tens of nanome-
ters to several micrometers, and diversified in composition
[12–16]. For fabrication of oxide and complex oxide nano-
structures by electrospinning, a typical procedure consists
of three major steps: (1) preparation of an inorganic sol or a
solution containing a polymer together with an alkoxide or
salt; (2) electrospinning of the solution to prepare nanofibers
of polymer/inorganic composite; (3) calcination of the com-
posite fibers to obtain the desired ceramic nanofibers. In
some cases various nanostructures can be fabricated by elec-
trospinning with designed conditions. To date, electrospun
magnetic nanofibers and nanostructures of NiFe2O4 [17],
CoFe2O4 [18], MnFe2O4 [19], MgFe2O4 [20], CuFe2O4

[21], and ZnFe2O4 [22] have been reported.
Recently, electrospinning has been used to fabricate lan-

thanum manganite-based nanofibers. Zhou et al. [23] re-
ported the preparation of electrospun polycrystalline lan-
thanum manganite (LaMnO3) nanofibers of 50–100 nm by
calcination of the inorganic/PVA hybrid fibers at 600 °C for
1 h. The morphology, microstructure, crystal structure and
thermal analysis were investigated by SEM, TEM, XRD and
TG-DSC, respectively. Philip et al. [24] reported the large
low-field magnetoresistance in La0.67Sr0.33MnO3 nanowire
device. The La0.67Sr0.33MnO3 nanowires were prepared by
calcination of the electrospun inorganic/PVP hybrid fibers
at 550 °C for 3 h in ultrahigh purity argon and 3 % hydrogen
gas mixture. Additional 1 h annealing was carried out in ar-
gon and 10 % oxygen atmosphere at 730 °C. The prepared
sample was characterized by SEM, Raman, SQUID. It is
noted that the specific saturation magnetization (Ms ) values
of the samples were obtained to be 1×10−4 emu/g, which is
quite low for Sr-doped lanthanum manganite. Most recently,
Zhi et al. [25] reported the preparation of lanthanum stron-
tium manganite (La0.8Sr0.2MnO3) nanofibers by the elec-
trospinning method and annealing at 1050 °C for use as a
sensing electrode of an electrochemical sensor with yttria-
stabilized zirconia (YSZ) electrolyte for carbon monoxide
detection at high temperatures over 500 °C. The electro-
spun nanofibers form a porous network electrode, which
provides a continuous pathway for charge transport. Since
the nanofibers possess a higher specific surface area than
conventional micron-sized powders, the nanofiber electrode

exhibits a higher electromotive force and better electro-
catalytic activity towards CO oxidation. Therefore, the sen-
sor with the nanofiber electrode shows a higher sensitivity,
lower limit of detection and faster response to CO than a
sensor with a powder electrode.

In this work, we report the fabrication of La0.7Sr0.3MnO3

(LSMO) nanostructures with high Ms by calcination of
the electrospun composite nanofibers of lanthanum nitrate/
strontium nitrate/manganese nitrate/polyvinylpyrrolidone
(PVP). The prepared LSMO nanostructures were well char-
acterized by X-ray diffraction (XRD), scanning electron
microscopy (SEM), and transmission electron microscopy
(TEM). Magnetic properties of the samples were measured
using vibrating sample magnetometry (VSM). The effect
of calcination on the morphology, structure, and magnetic
properties of the electrospun LSMO nanostructures is inves-
tigated.

2 Experimental

To prepare electrospun LSMO nanostructures, lanthanum
nitrate, strontium nitrate and manganese nitrate with 0.7:
0.3: 1 molar ratio of La: Sr: Mn was used as starting ma-
terials. In a typical procedure, 0.758 g of LaN3O9·6H2O
(Alfa Aesar) 0.166 g of Sr (NO3)2 (Beijing Chemical Co.
Ltd.) and 0.608 g of Mn(NO3)2·4H2O (Beijing Chemical
Co. Ltd.) were dissolved in 8 mL of N-Dimethylfumamide
(Fluka). The precursor solution was stirred for 12 h, then
put it into the 30 mL aqueous PVP (Acros Organics, Mw ≈
90,000) solution of 25 wt.% and subsequently was further
stirred for 24 h. The prepared mixed solution was loaded
into a plastic syringe equipped with a 22-gauge needle
made of stainless steel. The electrospinning process was car-
ried out using our home-made electrospinning system. The
schematic diagram of electrospinning process is shown in
Fig. 1. The needle was connected to a high-voltage supply
and for each solution the voltage of 14.5 kV was applied.

Fig. 1 Schematic diagram of electrospinning setup
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The solution was fed at a rate of 0.08 mL/h using a mo-
tor syringe pump. A piece of flat aluminum foil was placed
20 cm below the tip of the needle to collect the nanofibers,
which was held at 60° horizontal angle, and used to collect
the nanofibers. All electrospinning processes were carried
out at room temperature.

The electrospun composite nanofibers of PVP/LSMO
were calcined at 500, 700, and 900 °C for 7 h in air using
heating rates of 5 °C/min. The final products obtained were
black LSMO samples. The as-spun and calcined samples
were characterized by means of X-ray diffraction (XRD) us-
ing CuKα radiation with λ = 0.15418 nm (Philips PW3040,
The Netherlands) and scanning electron microscopy (SEM)
(LEO VP1450, U.K. and Hitachi FE-SEM S-4700, Japan).
The average diameter of the as-spun composite nanofibers
was determined from about 200 measurements. The parti-
cle size and morphology of the calcined powders were char-
acterized by transmission electron microscopy (TEM, Hi-
tachi H8100 200 kV).The magnetic properties of the cal-
cined samples were examined at room temperature (20 °C)
using a vibrating sample magnetometer (Lake Shore VSM
7403, USA).

3 Results and Discussion

Figure 2 shows morphology and fiber diameter distribution
of the as-spun PVP/LSMO composite fibers. Figure 2a is a

digital camera photograph showing a sheet of as-prepared
fibers taken out from aluminum foil, while Figs. 2b–2e
shows the SEM micrographs of the as-spun fibers at mag-
nifications of ×1000 (Fig. 2b) and ×10000 (Fig. 2c) with
the respective diameter histograms (Fig. 2e). Each individ-
ual nanofiber was quite uniform in cross section, and the
average diameter of the fibers was 183 ± 40 nm.

The PVP was selectively removed by calcination of the
as-spun PVP/LSMO composite fibers in air above 500 °C
[16, 18, 20–22]. Figure 3 shows the SEM micrographs of
the LSMO samples calcined at 500, 700, and 900 °C with
heating rates of 5 °C/min. It is seen from Fig. 3a that the
as-spun composite nanofibers calcined at 500 °C remain
as continuous structures, and their diameters are reduced
from 183 ± 40 to 160 ± 25 nm. The reduction in size of
the nanofibers should be attributed to the loss of PVP from
the nanofibers and the crystallization of LSMO. After cal-
cination at 700 and 900 °C (Figs. 3b and 3c), the nature
of nanofibers was dramatically changed, and a structure of
packed particles or crystallites has become prominent. This
is similar to the other complex oxide nanostructures fabri-
cated by electrospinning [14–16, 18, 20–22].

The XRD patterns of the LSMO samples calcined at
500, 700, and 900 °C are shown in Fig. 4. For the cal-
cined samples, all of the main peaks are indexed as the
LSMO with rhombohedral structure as shown in the stan-
dard data (JCPDS: 51-0409). It is clearly seen that the re-
flection peaks become sharper and narrower along with the

Fig. 2 Morphology and fiber
diameter distribution of the
as-spun LSMO/PVP composite
sample. (a) Digital photograph,
(b) ×10000 SEM image,
(c) ×30000 SEM image,
(d) fiber diameter distribution



1556 J Supercond Nov Magn (2014) 27:1553–1560

Fig. 3 SEM micrographs of the
electrospun LSMO/PVP
samples calcined in air for 3 h
with heating rate of 5 °C/min at
different temperatures of
(a) 500 °C, (b) 700 °C, and
(c) 900 °C

increasing of calcination temperatures, indicating the en-
hancement of crystallinity due to the continuation of crys-
tallization process and gradual grain growth [26]. The av-
erage crystallite sizes of the calcined LSMO samples were
evaluated from X-ray line broadening of the reflections of
(010), (104), (202), (024), (116), (214), (208) and (128). The
crystallite size was estimated by Scherrer’s equation (i.e.,
D = Kλ/(β cos θ), where λ is the wavelength of the X-ray
radiation, K is a constant taken as 0.89, θ is the diffraction
angle and β is the full width at half maximum (FWHM)
[27]) and was obtained as 10 ± 4, 18 ± 8 and 33 ± 12 nm
for the samples calcined at 500, 700, and 900 °C, respec-
tively. This result shows that the crystallite size of the LSMO
samples increases significantly with increasing the calcina-
tion temperature. The crystallite sizes are also summarized
in Table 1.

Morphology and structure of the calcined LSMO sam-
ples were further characterized by TEM. Figure 5 shows
bright field images with corresponding selected area elec-
tron diffraction (SAED) patters of the PVP/LSMO compos-

ite samples calcined at 500, 700, and 900 °C. It is clearly
seen from the TEM bright-field images (Fig. 5) that the mor-
phology and size of the materials were significantly affected
by the calcination temperature. The 500 °C calcined sample
remained as continuous structure with a fiber structure of
∼200 nm in diameter, whereas the 700 and 900 °C calcined
with a fiber structure of packed particles or crystallites hav-
ing particle sizes of 20–60 and 60–100 nm, respectively. It is
worth noting that the particle size of LSMO contained in the
500 °C calcined sample is quite uniform. This might have
resulted from the rates of hydrolysis involved in the fabrica-
tion process, in which the water required for the hydrolysis
of metal precursors was supplied from the moisture in air
[14–16]. Since the electrospun fibers were very small in di-
ameter, the moisture could quickly diffuse into the fibers,
causing a rapid and uniform hydrolysis of the metal precur-
sors. This result is similar to that observed in electrospun
CoFe2O4 nanofibers calcined at 500 °C [18]. The corre-
sponding selected-area electron diffraction (SAED) patterns
(Fig. 5) of all the PVP/LSMO composite nanofibers show
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Table 1 Properties of the electrospun LSMO/PVP composites samples calcined in air for 3 h at 500, 700, and 900 °C

Calcination
temperature
(°C)

Crystal structure Crystallite size
(nm)

Saturation
magnetization, Ms

(emu/g)

Coercivity, HC

(Oe)

500 Rhombohedral 10 ± 4 1.23 13

700 Rhombohedral 18 ± 8 26.62 42

900 Rhombohedral 33 ± 12 40.52 54

Fig. 4 XRD patterns of the as-spun LSMO/PVP and electrospun
LSMO/PVP composite samples calcined in air for 3 h with heating
rate of 5 °C/min

spotty ring patterns, revealing their crystalline rhombohe-
dral structure. Increase in calcination temperature results
in a stronger spotty pattern and the PVP/LSMO compos-
ite nanofibers calcined at 900 °C show strongest spotty pat-
terns, indicating large crystallite of highly crystalline rhom-
bohedral structure. Measured interplanar spacings (dhkl)
from selected-area electron diffraction patterns in Fig. 5
are in good agreement with the values in the standard data
(JCPDS: 51-0409).

The specific magnetization curves of the calcined LSMO
samples obtained from room temperature VSM measure-
ment are shown in Fig. 6. These curves are typical for a soft
magnetic material and indicate hysteresis ferromagnetism in
the field range of ±4500 Oe, while outside this range the
specific magnetization increases with increasing field and
tends to saturate in the field range investigated (±10 kOe).
The specific saturation magnetization (Ms ) values were ob-
tained to be 1.23, 28.61, and 40.52 emu/g at 10 kOe for
the LSMO samples calcined respectively at 500, 700, and
900 °C. It is found that the increase of the tendency of Ms is
consistent with the enhancement of crystallinity, and the val-
ues of Ms for the calcined LSMO samples were observed to
increase with increasing the crystallite size. It is noted that

the saturation values of 28.62 and 40.52 emu/g obtained in
the LSMO samples calcined at 700 °C (crystallite size of
18–22 nm) and at 900 °C (crystallite size of 25–27 nm) are
comparable to the reported values of 9.9–46.8 emu/g for the
LSMO nanoparticles with crystallite size of 16–40 nm pre-
pared by a simple thermal hydro-decomposition [28]. The
increase in Ms for the calcined LSMO samples with in-
creasing crystallite size may be explained by considering
a magnetic domain of the samples [29]. Since the energy
of a magnetic particle in an external filed is proportional to
its particle size via the number of magnetic molecules in a
single magnetic domain, the particle size will be increased
and the crystallization will be more complete with increas-
ing calcination temperature. Moreover, the magnetic phase
will be increased because the perovskite structure is purer
and more complete with the absorption of higher thermal
energy. Thus, the larger particle or crystallite size leads to
the higher value of the specific magnetization.

Figure 7 shows the plot of Ms versus 1/D. It can be seen
that Ms decrease linearly with increasing 1/D. The linear
decrease of Ms with the inverse of the crystallite size can be
related according to the relationship [30]:

Ms(D) = Ms(Bulk)

(
1 − β

D

)
(1)

where Ms(D) is the saturation magnetization of a sample
with crystallite size D, Ms (Bulk) is the bulk saturation mag-
netization value, and β is a constant. It is seen from Fig. 8
that a slope is almost a straight line, confirming that the M

values strongly depend on crystallite size. The ferromag-
netic particles with diameter smaller than a critical size (DC )
have single magnetic domains such that their coercivity ex-
hibits crystallite size dependence as expressed by the fol-
lowing equation [30]:

HC = H 0
C

(
1 −

√
D3

P

D3

)
(2)

where DP is the upper limit of the crystallite size for su-
perparamagnetic behavior with single magnetic domain, and
H 0

C is a maximum of HC .
According to (2), for crystallite size larger than DP ,

the magnetic moments of the single domain particles are
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Fig. 5 TEM images with
corresponding selected area
electron diffraction patterns of
the electrospun LSMO/PVP
composite samples calcined in
air for 3 h with heating rates of
5 °C/min at temperatures of
(a) 500 °C, (b) 700 °C, and (c)
900 °C

blocked and the HC exhibits a D−3/2 dependence until it
reaches a maximum value of H 0

C or the upper limit for single
domain particle. The relationship between HC and a func-
tion of D−3/2 at room temperature is presented in Fig. 8.

From the linear portion of this curves, the maximum HC

(H 0
C ) is obtained by calculating the intercept ion of HC at

the y axis, which results in H 0
C = 62 Oe. Since from (2) the

ratio HC/H 0
C is only a function of D, the values of H 0

C can
be thus used to normalize the plots of HC and D as illus-

trated in Fig. 9. The value of the crystallite size that makes
the value of HC/H 0

C zero, or crystallite size having super-
paramagnetic behavior can be calculated using the curvature
of this graph. Since there are only three data sets, this cannot
be calculated precisely. However, the observed trend of the
curve can be assumed that the crystallite size about 10 nm or
a calcined temperature about 500 °C is the condition caus-
ing the superparamagnetic behavior of electrospun LSMO
nanofibers.
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Fig. 6 The specific magnetization of the electrospun LSMO/PVP
samples calcined in air for 3 h at 500, 700, and 900 °C, respectively, as
a function of field, measured at 20 °C

Fig. 7 The variation of magnetization and coercivity of the electro-
spun LSMO/PVP composite samples calcined at 500, 700, and 900 °C

4 Conclusions

Nanostructures of LSMO have been successfully fabricated
using electrospinning technique. After calcination of the
as-spun (fiber size of 187 ± 41 nm in diameter) at 500–
900 °C in air for 3 h with heating rate of 5 °C/min, LSMO
nanostructures with packed particles or crystallite sizes
of 11–27 nm having well-developed perovskite structure
were obtained, as confirmed by XRD analysis. The crys-
tal structure and morphology of the nanofibers were in-
fluenced by the calcination temperature. All the calcined
samples of the LSMO nanostructures exhibited ferromag-
netism. The specific saturation magnetization (Ms ) values
were obtained to be 1.23, 28.61, and 40.52 emu/g at 10
kOe for the LSMO samples calcined respectively at 500,
700, and 900 °C. We believe that the electrospun LSMO

Fig. 8 Coercivity measured at room temperature for different average
particle sizes as a function of D−3/2 for the electrospun LSMO/PVP
composite samples calcined at 500, 700 and 900 °C

Fig. 9 Normalized coercivity (HC/H 0
C ) as a function of the crystal-

lite size for the electrospun LSMO/PVP composite samples calcined at
500, 700 and 900 °C

nanostructures would have potential in some new applica-
tions such as electrode materials in solid oxide fuel cells
(SOFCs), gas sensors, membranes for separation processes,
catalysts, electronic material for nanodevices and storage
devices.
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