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The effect of laser energy on the preparation of iron oxide by a pulsed
laser ablation in ethanol
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Abstract Recently the preparation magnetic nanoparticles by a pulsed laser ablation in liquid has gained much attention
because it is easy to control experimental parameters. Iron oxide magnetic nanoparticles have been prepared by a pulsed
laser ablation of α-Fe2O3 target in ethanol at different magnitude of laser energy of 1, 20, 40 and 80 mJ/pulse. It revealed
that particle size increases with increasing laser energy. It could be concluded that 40 mJ/pulse is an optimum laser energy
for the preparation of iron oxide nanoparticles with uniform size distribution. The nanoparticles are homogeneously
dispersed in ethanol and their stability maintained for several months.
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1. Introduction

During last decade, a liquid phase pulse laser ablation
(LP-PLA) has been extensively employed for the fabri-
cation of nanoparticles because this technique is simple,
clean and low cost. In particular, this technique can pro-
vide a favorable processing condition for preparing
metastable phases and even novel nanomaterials; high-
temperature, high-pressure and high density [1]. There-
fore, the LP-PLA can be adapted for various nanoparti-
cles using different processing conditions such as
targets, solvents and processing parameters (pulse dura-
tion, fluence and laser wavelength, etc.) Many reports
were found on the formation of various type of nanopar-
ticles by the LP-PLA technique on such as metals [2, 3],
alloys [4-6], oxides [7-9], and other nanocrystals [10].
More recently, the LP-PLA preparation of magnetic
nanoparticles such as CoPt [11], SmCo, NiFe [12],
FeCo [13], Co [14], and iron oxide [15] has been paid
much attention.

Iron oxide materials possess magnetic character which
has great potential for various applications such as
recording and information storage [16, 17], magenetic
shield case [18], catalyst [19] biomedical [20-23] and
photochemical and photoelectochemical [23]. Amendola
et al. reported on the fabrication of iron based magnetic

nanoparticles by the PLA in various organic solvents.
This work emphasized that a variety of magnetic nano-
structures can be produced by varying type of solvents
[15]. This work is aimed to understanding the effect of
laser energy on the characteristics of iron oxide nano-
particles prepared by the LP-PLA.

2. Experimental

Commercial α-Fe2O3 powders were uni-axially pressed
for 10 minutes in disc-shaped mold. The pressed α-
Fe2O3 pellets were sintered at 1400oC for 20 hours under
ambient atmosphere using a conventional electric fur-
nace. Then the sintered α-Fe2O3 targets were ablated by
the laser beam with 2 mm-diameter focal spot size (Nd:
YAG nanosecond laser: Quanta Ray-LAB190, USA) for
one hour in 4 ml of ethanol. The repetition rate, pulse
duration and laser wavelength are 30 Hz, 10 ns and 355 nm,
respectively. The laser energy were varied 1, 20, 40,
80 mJ/pulse.

Optical property of the obtained nanocolloidal solu-
tions was evaluated using a UV-VIS-NIR spectrophotome-
ter (UV-3600, SHIMADZU, Japan). Structural characteristics
of the obtained nanoparticles were investigated using a
transmission electron microscope (TEM, JEM 2000 EXII,
JEOL, Japan) and their crystallinity and phase analysis
were examined using a X-ray diffractometer (XRD, D/
MAX2C, Rigaku, Japan). The average size and size dis-
tribution of as-processed nanoparticle were analyzed by
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using image analysis program, Image J, and using stan-
dard statistic equations for calculating standard devia-
tion and mean.

Magnetic characterization of these nanoparticles were
carried out using vibrating sample magnetometer (VSM,
Lakeshore 340, USA) at room temperature (300 K) by
saturating the sample in a field of 5000 Oe.

3. Results and Discussion

Figure 1 shows TEM images of nanoparticles obtained
in ethanol, depending on the laser energy of 1, 20, 40
and 80 mJ/pulse, respectively. Inserted SAED patterns
confirm that all nanoparticles are crystalline. As-synthe-

sized nanoparticles at very low laser energy of 1 mJ/
pulse are seen as irregularly-shaped and about 8 nm in
an average size. Some particles are characterized by a
core-shell structure and also agglomerated as shown in
Fig. 1(a)left-right. As laser energy increases to 20 mJ/
pulse, the spherical and agglomerated nanoparticles were
observed (Fig. 1(b)). The size distribution exhibits bimo-
dal with a maximum values near 11 nm and 20 nm. At
laser energy of 40 mJ/pulse, individual spherical nano-
paticles with an average size of 11 nm were obtained
and are rarely agglomerated (Fig. 1(c)). The laser energy
of 80 mJ/pulse resulted in forming chain-like nanoparti-
cles having average size of 15 nm (Fig, 1(d)). These
illustrates that the average particle size increases with
increasing laser energy, which is in good agreement

Fig. 1. TEM-SAED images of nanoparticles obtained by the ablation of α-Fe2O3 targets in ethanol at a) 1 mJ/pulse b) 20 mJ/pulse
c) 40 mJ/pulse d) 80 mJ/pulse, respectively.
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with previous reports [24, 25].
Figure 2 shows particle size distribution and average

size of nanoparticles obtained in ethanol, depending on the
laser energy of 1, 20, 40 and 80 mJ/pulse, respectively.

Although standard deviation (SD) value and average
size of the nanoparticles obtained at laser energy of
1 mJ/pulse is less than that obtained at laser energy of
40 mJ/pulse, indicating small particle size with good size
distribution, but it causes high degree of agglomeration.
Thus the laser energy of 40 mJ/pulse is optimum condi-
tion in order to produce the nanoparticles with less
agglomeration and uniform size distribution.

According to the experimental results that higher laser
energy produces higher amount of species from the
ablated target in plasma plume [26-29], the formation of
larger nuclei may occur in a condensation step. Also
excessive iron and oxygen atoms in plasma plume involve
in severe growth of the nanoparticles [24]. In case of
the formation of chain-like nanoparticles obtained at
80 mJ/pulse, it can be noticed that large particles (more
than 10 nm in diameter) are stuck in ensembles of 300-
400 nm length and surrounded by small particles (less
than 10 in diameter). This is because small particles,
which are very reactive resulting from high surface
energy, react with adjacent small particles leading coag-

ulation. This coagulation surrounding large particles drives
the formation of chain-like nanoparticles. It could be
simply explained that the coagulation of small particles
is like glue which assists large particles to stick in
ensembles as a chain-like shape.

Figure 3 shows the XRD results that all nanoparticles
obtained depending on laser energy. Mainly tetragonal
maghemite (γ-Fe2O3) and carbon (C) are detected. Their
crystallinity increases with increasing laser energy. Dur-

Fig. 2. Average size and particle size distribution with standard deviation value of nanoparticles obtained by the ablation of α-Fe2O3

targets in ethanol at a) 1 mJ/pulse b) 20 mJ/pulse c) 40 mJ/pulse d) 80 mJ/pulse, respectively.

Fig. 3. X-ray diffraction patterns of nanoparticles obtained in
ethanol, depending on laser energy.
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ing a laser ablation process of α-Fe2O3 targets, Fe plasma
reacted with oxygen species, which were originated
from the ablated target and ethanol, to form γ-Fe2O3 at
extremly high temperature and high prssure. In general,
γ-Fe2O3 are formed above 1200oC [30]. Carbon phase is
also possibly released from ethanol during the laser
ablation process.

All nanocolloidal solutions obtained are yellowish
with different shade. Figure 4 shows their representa-
tive UV-Vis spectra depending on laser energy. Nano-
colloidal solutions obtained at 20, 40 and 80 mJ/pulse
exhibit a broad absorption band near 300-400 nm [31].
The intensities increase as laser energy increases, indicat-
ing that the concentration of as-processed nanoparticles
increases with increasing laser energy [24]. In case of 1 mJ/ pulse laser energy, there is no any broad absorption band,

which is attributed by that low laser energy yield too
low concentration of the nanoparticles to be examined.

Figure 5 shows UV-Vis spectra of the obtained nano-
colloidal solution for the evaluation of their stability. It
is seen that there is no change even after 6 months, indi-
cating that these colloidal solutions are stable for sev-
eral months. This stability may be attributed by the
presence of group -OH, forming stable interaction with
the iron oxide nanoparticles [32].

Figure 6 illustrates the magnetization curve measured
at 300 K for nanoparticles obtained in ethanol at the laser
energy 40 mJ/pulse for the assessment of their magnetic
character. The coercivity, remanent magnetization and
magnetization of these nanoparticles are 145.56 Oe, 1.45
emu/g and 5.59 emu/g, respectively. This confirms that the
obtained nanoparticles exhibit magnetic characteristics.

4. Conclusions

Iron oxide nanoparticles with good size distribution
were obtained by a pulsed laser ablation of metal target
in ethanol and 40 mJ/pulse was found as optimum laser
energy. It is noted that laser energy plays an important
role in particle size and size distribution. Particle size
increases with increase of the laser energy. The forma-
tion of carbon is inevitable because the solvents them-
selves are source of free carbon. In our view, use of
other solvents such water is probably a solution for this
insignificant drawback due to no carbon source. How-
ever, in order to extend this knowledge for better com-
prehension, further experimental study is necessarily
required. The nanoparticles obtained possess magnetic
characteristics and therefore they are expected to be
used in magnetic applications such as recording and

Fig. 4. UV-Vis absorption spectra of nanocolloidal solutions
produced by laser ablation of α-Fe2O3 target in ethanol, depending

on laser energy.

Fig. 5. UV-Vis spectra of nanocolloidal solution obtained at
laser energy of 40 mJ/pulse for the evaluation of the stability.

Fig. 6. Magnetic hysteresis curves measured at room tempera-
ture (300 K) of nanoparticles extracted from nanocolloidal solu-
tions obtained at laser energy of 40 mJ/pulse for the evaluation

of magnetic character.
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information storage, biomedical and photoelectochemi-
cal applications.
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