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Abstract

Background: Investigation of new materials plays an important role in advancing the field of optoelectronics.

Methods: In this work, Mg/MgO microstructures were prepared by Nd-YAG laser (λ= 1064 nm) ablation of
magnesium target in acetone. For the first time, the nonlinear optical properties of square Mg/MgO microstructures
were investigated by using the Z-scan technique with nanosecond Nd-YAG laser at 532 nm.

Results: The XRD analysis approved the formation of Mg/MgO microstructures. The energy band gap of Mg/MgO
microstructures was calculated to equal 2.3 eV from UV-Vis spectrum. The ablated materials were ejected into
acetone as structures with an average size of 1-1.5 μm. The nonlinear absorption coefficient, β, and nonlinear
refractive index, n2, for Mg/MgO microstructures at the laser intensity of 1.1 × 108 W/cm2 were measured to be 1.
15 × 10–8 cm/W and 8.2 × 10-13 cm2/W, respectively. In order to investigate size particles and liquid medium
effects, the nonlinear optical parameters, β and n2 of Mg/MgO nanostructures synthesized by laser ablation of
magnesium target in isopropanol also were calculated and it was found these parameters are an order of
magnitude larger than the values for the β and n2 of Mg/MgO microstructures synthesized in acetone. The third-
order nonlinear optical susceptibility, χ(3), of Mg/MgO microstructures and nanostructures were measured in order
of 10-6 and 10-5 esu, respectively.

Conclusions: The results show that Mg/MgO structures synthesized in acetone and isopropanol have negative
nonlinearity as well as good nonlinear absorption at 532 nm and these magnesium-based structures have the
potential applications in the nonlinear optical devices.

Keywords: Laser materials processing, Mg/MgO microstructures, Mg/MgO nanostructures, Nonlinear optics, Z-scan
technique
Background
Materials with the large nonlinear optical (NLO) response,
good capabilities of processing, environmental constancy
and ultrafast signal switching are necessary for potential
applications in optical signal processing, optical limiting
(OL), and optical devices. Designing of new materials with
large nonlinearities is a promising line of the current opto-
electronics. So, composite particles that are attractive to
build various photonic devices provide many unique op-
portunities to achieve a large optical nonlinearity [1].
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In recent years, many researchers have noted to mag-
nesium microstructures and nanostructures due to their
novel properties to distinguish them from bulk materials
and diverse applications in fields of propellant, battery,
composite fillers, etc. Magnesium has several very promis-
ing properties for applications in plasmonics and specially
in switchable plasmonic metamaterials [2]. As reported by
Sterl et al., magnesium nanoparticles exhibit a pronounced
plasmonic response at throughout the whole visible wave-
length range. Therefore, it can be an ideal alternative to
established materials for UV plasmonics such as aluminum
[3]. Magnesium is an excellent candidate for weight critical
structural applications for its impressive low mass density.
A good high-temperature crawl, a high damping capacity,
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Fig. 1 Laser ablation of magnesium target in acetone and formation
of Mg/MgO microstructures
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and good dimensional stability are the properties that make
magnesium perfect for industrial applications [4–9]. Mag-
nesium is a candidate for the fuel cell technologies. It is re-
versible, abundant and low-cost element possesses the large
capacity for hydrogen storage (7.6 wt.%) [10].
Magnesium oxide (MgO) nanostructures and micro-

structures have attracted more and more regard in recent
years. MgO is an important inorganic material possesses a
wide band gap energy (Eg ~ 7.8 eV) [11]. MgO is a useful
oxide material for industrial applications. MgO has been
employed such as an additive in heavy fuel oils, toxic
waste remediation, catalyst supports, refractory materials
and adsorbents, catalysis, reflecting and anti-reflecting
coatings, superconducting and ferroelectric thin films as
the substrate, etc [12, 13]. For medical uses, MgO is used
for the sedation of heartburn, sore stomach, and for bone
instauration [14, 15]. Recently, researchers have discovered
that MgO nanoparticles are appropriate for application in
tumor treatment [16]. MgO nanoparticles are suitable for
application as antibacterial agent [17].
Kurth et al. reported the initial oxidation of magne-

sium at oxygen partial pressures and showed that the
initially formed oxide has a higher Mg/O ratio (>1.3)
than bulk MgO. Also, they indicated that the band gap
values of the oxide layers are considerably smaller than
the value expected for bulk MgO (2.5 eV vs. 7.8 eV) [18].
Canney et al. studied electronic band structure of thin
magnesium and magnesium oxide films, experimentally
and theoretically. They showed that the investigated
band structures of Mg and MgO have the characteristic
of a metallic and ionic solid, respectively [19]. Phuoc et al.
synthesized Mg/MgO nanocrystallites by laser ablation of
magnesium in acetone and isopropanol with a Q-switched
Nd–Yag laser operating at 1064 nm and investigated
structural properties of the formed Mg/MgO nanostruc-
tures [20]. Abrinaei et al. reported on the study of struc-
tural properties of Mg/MgO nanoparticles synthesized by
Ng-YAG (λ = 1064 nm) laser as well as CVL (Cooper
Vapor Laser) in isopropanol [21]. In the recent months,
Gutierrez et al. reported an investigation of the effect of
an oxide shell on the ultraviolet plasmonic behavior of Ga,
Mg, and Al nanostructures. They studied the plasmonic
response of Mg/MgO nanostructures and effect of oxida-
tion on the UV-plasmonic response of Mg/MgO spherical
or hemisphere-on-substrate nanostructures [22].
This work analyzes the Mg/MgO microstructures ob-

tained by Nd-YAG (λ = 1064 nm) laser ablation of solid
magnesium target in acetone media, through the study
of their X-ray diffraction powder pattern, SEM image,
Fourier transform infrared spectroscopy (FTIR) spectrum
and UV-VIS spectrum. The nonlinear absorption and re-
fraction of these microstructures are investigated by using
the Z-scan technique with Nd-YAG laser at 532 nm. Fur-
thermore, the current research discusses the OL
properties of Mg/MgO colloids. To compare the case, lin-
ear and NLO properties of spherical and platelet-like Mg/
MgO nanostructures have been calculated in this work,
as well. The synthesis of these nanostructures by Nd-
YAG (λ = 1064 nm) laser ablation of magnesium target
in isopropanol media and investigation of their struc-
tural properties have been already reported in the re-
searcher’s previous work [21]. To the best of the author’s
knowledge, this is the first investigation of NLO properties
of Mg/MgO structures induced by the Z-scan method.
Methods
Material synthesis
Mg/MgO microstructures were prepared by laser ablation
of Mg metal plate (99.99%) in acetone. As shown in Fig. 1,
the target was put at the bottom of a glass vessel filled
with 5 ml acetone. The laser beam was focused on the sur-
face of the magnesium target. The liquid depth above the
target surface was several millimeters. An acoustic-
optically Q-switched Nd-YAG laser (λ = 1064 nm) with
240 ns pulse duration, was used and adjusted to operate at
210 Hz repetition rate. The laser pulse energy applied on
the target was 3.5 mJ, leading to a fluence of about
91 J cm−2. The thickness of the target was 1 mm. The ir-
radiation time in the experiments was 45 min. During the
ablation in acetone, the spark plumes become larger with
a cracking noise. Small bubbles were observed and suggest
that acetone was pyrolized during the laser ablation
process. Upon irradiation of a laser beam, the color of the
solution turned light metallic gray. Structures were not
stable and the rapid agglomeration even pending the laser
ablation process. These agglomerations precipitated at the
bottom of the container, rapidly.



Fig. 3 XRD pattern of Mg/MgO structures prepared by using the
laser ablation method
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Structural characterization
After laser ablation, a small amount of colloidal solution
was transferred into a quartz cell for UV–VIS spectroscopy
analysis. The optical absorbance of the sample was mea-
sured by using a high-resolution spectrophotometer, Cam-
spec, ModelM350 in the wavelength range of 200–
1000 nm.
X-ray diffraction patterns of structures were recorded

by evaporation of the colloidal solutions onto a glass
substrate at room temperature. The crystal structure of
sample was analyzed by a Philips diffractometer (STADI
MP) with Cu Kα radiation, angle step size of 0.02o, and
count time of 1.0 s per step.
An amount of wet precipitate was transferred to a

quartz vessel placed in the open air to evaporate the liquid
in order to acquire some powder for FTIR investigations.
The FTIR spectrum is prepared by a Therno Nicollet
NEXUS 870 FT_IR model spectrophotometer.
Some drops of Mg/MgO colloidal solution have also been

deposited onto an Aluminum plate in order to perform
SEM analysis with a TS5136MM microscope operating at
30 kV.
Z-scan setup
By using the Z-scan setup can be measured the sign and
magnitude of the nonlinear refractive index (n2) and
nonlinear absorption coefficient (β), simultaneously. The
Z-scan technique has sensitivity analogous to interfero-
metric methods [23].
The experimental setup for Z-scan is shown schematic-

ally in Fig. 2. A Q-switched Nd-YAG laser (Ekspla NL640
model, 532 nm, 10 ns, 200 Hz) was used as the light source.
The sample was traveled in the direction of the light propa-
gation near the focal spot of the lens. The radius of the
beam waist ω0 was calculated to be 37 μm at the focal
point. The Rayleigh length, z0 ¼ πω2

0=λ was estimated to
be 8.08 mm, much greater than the thickness of the sample,
which is an indispensable requisite for Z-scan experiments.
Fig. 2 Schematic diagram of the experimental setup for the
measurement of nonlinear optical parameters of Mg/MgO structures
prepared in acetone
The intensity of the laser beam is 1.1 × 108 Wcm-2 at the
focal point. This setup had been already applied to investi-
gate NLO properties of Mg(OH)2 nanostructures [24].

Results
Structural investigations
The typical XRD pattern of the structures prepared by
the pulsed Nd-YAG laser ablation of magnesium target
in acetone is given in Fig. 3. The XRD pattern indicates
that both MgO and Mg are presented in the sample with
a higher percentage of Mg. It is clear from the XRD
pattern that the prepared powders are polycrystalline
structures inclusive Mg and MgO. The weight percent-
age of each Mg and MgO structures can be calculated
by Rietveld method [25]. The Mg/MgO ratio in the
final product synthesized by laser ablation of magne-
sium target in acetone is 65/35 percentage. The formed
phases in the XRD pattern of Mg/MgO microstructures
are the same of those are reported by Phuoc et al. and
Abrinaei et al [20, 21].
During the ablation process, each laser pulse with

quite high energy passes through the acetone above the
magnesium target and increases its temperature. When
the front part of the laser pulse interacts with the target,
it induces a plasma plume on the surface, which is quite
massive. Hence, the heat that is transferred between hot
confined plasma and the surrounding liquid increases
the temperature of the liquid.
The Mg/MgO microstructures could be formed in

three stages. In the first stage, after the interplay among
magnesium target and laser beam, the high-temperature
and high-pressure plasma is generated in the magnesium
target and acetone interface. In the next step, the Mg
clusters are produced because of successive ultrasonic
and adiabatic expansion of the high-temperature and
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high-pressure magnesium plasma that makes a cold zone
of magnesium plume [26, 27]. In this experiment, the
interval between two consecutive pulses of Nd-YAG
laser is 0.005 s (repetition rate is 200 Hz) and it is much
longer than the lifetime of the magnesium plasma
plume. Hence, the next laser pulse does not interact
with the previous plasma plume. In the third step, the
plasma quenches and the produced Mg clusters envisage
the acetone and occur some chemical reactions and lead
to the formation of Mg/MgO microstructures. Out-
wardly, Mg clusters generated by laser ablation of Mg in
acetone were oxidized in this solvent, possibly under the
high-energy conditions via reaction with the oxygenated
solvent. The observed color changes in acetone sug-
gested that the solvent was altered or decomposed due
to laser heating or reaction with the Mg particles [28].

Optical properties
Figure 4 shows the UV-VIS optical absorption spectrum
of the colloidal suspension of the sample in acetone. Ob-
viously, there is a characteristic absorption band at about
410 nm.
The measurement of the energy band gap, Eg, is import-

ant in the micro- and nano-materials. There are various
methods for calculation of Eg. In this work, the energy band
gap was determined using UV-Vis absorption spectrum
of Mg/MgO microstructures. The derivative method
was applied for measurement of Eg. In this method, the
first derivative of the absorbance was evaluated near
the fundamental absorption edge, leading to Eg [29].
The energy band gap value is obtained equal to 2.3 eV
for Mg/MgO microstructures.
The electron configuration of magnesium is 1 s2 2 s2

2p6 3 s2 that 3 s shell is full. Then, the 3 s shell of Mg
would not allow for electrons to increase energy on its
Fig. 4 UV-VIS spectrum of Mg/MgO structures prepared in acetone
own if the 3p band was separated by a gap from the 3 s
band. But, in magnesium the energies of 3 s and 3p
bands overlap and the 3p band can incorporate six elec-
trons per atom (2 (2 l + 1) =6), overall 3 s and 3p orbitals
from a band can incorporate eight electrons. Conse-
quently, the quarter of conduction band in magnesium is
full merely. Thus, magnesium is a good conductor while
magnesium oxide is close to an ideal insulating ionic solid
with a valence band structure dominated by the strong po-
tential of the ionic cores [19].
The calculated band gap of Mg/MgO microstructures

synthesized by the laser ablation method in acetone is
significantly smaller than the wide band gap energy
7.8 eV expected for the bulk, pure, crystalline MgO.
Therefore, it is clear that Mg/MgO microstructures have
metallic conduction behavior [18].
FTIR transmittance spectrum in the wave number

range of 4000–500 cm−1 for the Mg/MgO microstructures
produced by laser ablation of Mg in acetone is presented
in Fig. 5.
In the FTIR spectrum, the stretching bands of the

superficial OH groups are seen in the region between
4000 and 3500 cm−1. The absorption band around
3448 cm−1 is broad and corresponds to the –OH-group-
stretching vibration that is dedicated to –OH-stretching
mode of residue water and absorbed acetone on the sur-
face of Mg/MgO microstructures. This peak shows the
presence of hydroxyl groups at low coordination sites or
defects [30]. The absorption bands around 2926 and
2851 cm−1 are due to surface OH stretch appearing from
hydroxyl groups in dissociated state or C–H stretch of
organic residue [31], where these peaks are due to sur-
face OH stretch in-phase and out of phase, respectively.
The peak at 1672 cm-1 was attributed to the bending
Fig. 5 FTIR spectrum of powder prepared by laser ablation of Mg
in acetone



Fig. 7 Particle size distribution of structures generated in acetone

Abrinaei Journal of the European Optical Society-Rapid Publications  (2017) 13:15 Page 5 of 10
vibration of the water molecule. An absorption peak at
1457 cm−1 is assigned to νa (C–O) + δ (OC =O) modes.
Thus, these contain signatures of adsorption and chemi-
sorption of water and acetone. Tow sharp absorption
peaks at 1107 and 970 cm−1 are devoted to C–O/C–O
stretching modes. While the band at 861 cm−1 corre-
sponds to ν (Mg–O) + δ (O–C =O), a peak at 673 cm−1

is ascribed to bending mode of O = C =O or vibration of
water. The two peaks at 450 cm-1 and 515 cm-1 affirmed
the presence of Mg-O vibrations [32].

Morphological properties
The morphology of the structures examined by scanning
electron microscopy (SEM) is shown in Fig. 6.
The SEM image shows that the Mg/MgO microstruc-

tures are constructed of particles in the nearly square
shape. The obvious SEM picture of Mg/MgO structures
was obtained after about 10,000 times grandiosity. The
lines appeared in this image related to aluminum foil on
which colloidal solution was dried.
The corresponding particle size distribution of the

mean sizes is shown in Fig. 7. As shown in the figure, the
size distribution width becomes narrow from 1 to 1.5 μm.
Phuoc et al. prepared Mg/MgO nanoparticles in acet-

one and isopropanol by Nd: YAG (λ = 1064 nm) laser
ablation of a magnesium target with distribution sizes
were ranged from 15 to 20 nm up to 50 – 100 nm [20].
Abrinaei et al. applied the Nd-YAG (λ = 1064 nm) and
cooper vapor laser beam and formed the Mg/MgO
spherical and plate-like nanostructures and cubic micro-
structures with distribution sizes were ranged from 80 to
100 nm and 1–1.1 μm, respectively [21]. As a comparing
the results, it approved the results of previous work’s au-
thor that showed the parameters of laser and liquid
Fig. 6 SEM image of Mg/MgO microstructures generated by using
laser ablation of magnesium target in acetone
medium in laser ablation experiment significantly alter
the shape and size of resultant products [21].

Nonlinear optical properties
NLO parameters, the nonlinear refractive index (n2) and
nonlinear absorption coefficient (β) of the colloidal Mg/
MgO structures were obtained by the following relation-
ships [23]:

Tnorm ¼ Ln 1þ q0 z; tð Þð Þ=q0 z; tð Þ ð1Þ

q0 z; tð Þ ¼ βILeff = 1þ z2=z20
� � ð2Þ

Leff ¼ 1−e−αL
� �

=α ð3Þ

α ¼ − 1=Lð ÞLn I=I0ð Þ ð4Þ

ΔTp−v
�� �� ¼ 0:406 1−Sð Þ0:25 2π=λð Þn2ILeff ð5Þ

Where Tnorm is the normalized transmission in the
open-aperture Z-scan setup and q0(z,t) is a dimension-
less factor, ΔTp-v is the normalized difference between the
peak and the valley in the curve of normalized transmit-
tance (Tnorm) versus location of the sample (z). In these
equations, λ is the wavelength of radiation (532 nm), I
is the intensity of radiation, S is the fraction of radi-
ation detected by the detector (the transmittance of the
aperture), α is the linear absorption coefficient, L refers
to the sample length (1 mm), and Leff is an effective
sample thickness, which was measured by OL setup
shown in Fig. 2.

Optical limiting
In the recent years, the selection of NLO materials in
which increase influence of light leads to significant de-
creases in transmittance is taken into consideration.



Fig. 9 The plot of output power versus input power for Mg/MgO
nanostructures prepared by the laser ablation of magnesium target
in isopropanol

Abrinaei Journal of the European Optical Society-Rapid Publications  (2017) 13:15 Page 6 of 10
These materials are used for optical power limiters de-
vices. Investigating of new materials as the optical
limiter is important for the protection of a person’s eye
and optical sensors from laser irradiation. In this work,
the OL experiment was carried out by locating the
sample at focus location and evaluating the transmitted
power thru the aperture for several incident laser powers.
By the OL consideration, the critical power of the laser
beam at which the nonlinearity starts to affect the trans-
mission can be measured. It is evident that the materials
are suitable for OL applications that possess the lower OL
threshold.
The experimental setup for OL measurements is shown

in Fig. 2. In the OL configuration, the aperture is not used.
The sample is put near the focal plane of the lens and the
input power is changed after crossing the sample. A 50%
beam splitter divides the initial power into the half. The
power meter 1 is used to measure the input power. The
output power of the transmitted beam through the Mg/
MgO solution is measured by power meter 2.
The plot of output power versus input power for

Mg/MgO microstructures synthesized by laser abla-
tion of magnesium target in acetone is shown in
Fig. 8. A threshold is attained at 20 mW of the input
power. After 20 mW, the output power stabilized
against the input power. At a low incident power up
to 20 mW, the output power alters linearly with a ra-
tio of I/I0 = 0.89. By using the Eq. (4), the linear ab-
sorption coefficient for these microstructures is
obtained: α = 1.16 cm-1.
The plot of output power versus input power for Mg/

MgO nanostructures synthesized by laser ablation of
magnesium target in isopropanol is shown in Fig. 9. A
threshold is reached at 20 mW of the input intensity
with slight variation in the output intensity for larger
amounts of the input intensities. At a low incident
Fig. 8 The plot of output power versus input power for Mg/MgO
structures prepared by the laser ablation method in acetone
power up to 20 mW, the output power alters linearly
with a ratio of I/I0 = 0.88. By using the Eq. (4), the lin-
ear absorption coefficient for nanostructures prepared
by laser ablation of magnesium target in isopropanol is
obtained: α = 1.27 cm-1.
The OL results confirm that structures prepared by

laser ablation of Mg target in acetone and isopropanol
are good candidates for OL at 532 nm pulsed lasers.

Closed- aperture Z-scan
The closed-aperture normalized transmittance curve
for microstructures synthesized in acetone is shown in
Fig. 10. For a sample that exhibits both nonlinear absorp-
tion and refraction, their contribution to the far-field beam
profile and Z-scan transmittance is coupled. However, it is
Fig. 10 Closed-aperture Z-scan curve of colloidal Mg/MgO
microstructures synthesized in acetone



Fig. 12 Open-aperture Z-scan experimental data and theoretical fitting
curve for Mg/MgO microstructures prepared in acetone environment

Abrinaei Journal of the European Optical Society-Rapid Publications  (2017) 13:15 Page 7 of 10
simple to eliminate the nonlinear absorption contribution
to the closed-aperture data. To determine the correct
value, the normalized closed-aperture Z-scan data should
be divided by the open-aperture Z-scan data to retrieve n2.
Self-focusing and self-defocusing of laser radiation in

nonlinear media is a well-known effect that occurs due
to the nonlinear index of refraction n2. Self-focusing is
the effect of positive n2 while self-defocusing occurs
when n2 is negative. As shown in the Fig. 10, the curves
exhibited a peak-to-valley shape indicating a negative
value of the nonlinear refractive index, n2, that shows
Mg/MgO microstructures act as a self-defocusing material.
In Fig. 10, the solid curve shows the theoretical fit to

the experimental data. The nonlinear refractive index
can be measured by fitting the experimental data with
the Eq. (5). The nonlinear refractive index of the synthe-
sized structures in acetone is obtained equal to 8.2 × 10-13

cm2/W. Here, the value of aperture linear transmission, S,
is 0.3.
The closed-aperture normalized transmittance curve

for nanostructures formed in isopropanol is shown in
Fig. 11. As shown in the Fig. 11, the curves exhibited a
peak-to-valley shape indicating a negative value of the
nonlinear refractive index, n2, that shows Mg/MgO
nanostructures act as a self-defocusing material.
The solid curve shows the theoretical fit to the experi-

mental data, In Fig. 11. The nonlinear refractive index
can be measured by fitting the experimental data with
the Eq. (5). The nonlinear refractive index of the synthe-
sized nanostructures in isopropanol media is obtained
equal 2.2 × 10-12 cm2/W.

Open-aperture Z-scan
The open-aperture Z-scan allows measuring the nonlin-
ear absorption coefficient, β. When the sample is located
Fig. 11 Closed-aperture Z-scan curve of colloidal Mg/MgO
nanostructures prepared in isopropanol
far from the focal point, the laser radiation intensity is
low and T(z) is close to 1. The intensity becomes higher
as the sample moves closer to the lens focal point. As
the result of the positive nonlinear absorption, T(z) be-
comes smaller and reaches the minimum at the focal
point. In the case of negative nonlinear absorption, the
reverse picture occurs.
Figure 12 illustrates the open-aperture Z-scan curve of

colloidal Mg/MgO microstructures measured by Z-scan
setup. It is seen that the open-aperture transmittance has
a minimum transmittance. The minimum transmittance
confirms the presence of reverse saturation absorption in
Mg/MgO microstructures. A fit of the Eq. (1) to the ex-
perimental data (solid curve) is depicted in Fig. 12, and
yields the value of the nonlinear absorption coefficient
β = 1.15 × 10−8 cm/W. The open-aperture z-scan data
Fig. 13 Open-aperture Z-scan experimental data and theoretical fitting
curve for Mg/MgO nanostructures synthesized in isopropanol
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for Mg/MgO microstructures synthesized in acetone
was fitted with two-photon absorption (2PA) theoret-
ical curve.
The open-aperture normalized transmittance curve for

nanostructures formed in isopropanol is shown in Fig. 13.
As shown in the Fig. 13, the open-aperture transmit-
tance has a minimum transmittance. The minimum
transmittance confirms the presence of reverse saturation
absorption in Mg/MgO nanostructures. A fit of the
Eq. (1) to the experimental data (solid curve) is
depicted in Fig. 13, and yields the value of nonlinear
absorption coefficient β = 1.03 × 10−7 cm/W. The open-
aperture z-scan data for Mg/MgO nanostructures syn-
thesized in isopropanol was fitted to 2PA theoretical
curve, properly.

Discussion
The products of ablation simultaneously depend on the
properties of the input laser pulses and the surrounding
liquid environment [33]. The polarity and the linear re-
fractive index and viscosity of the liquid media, as well
as the thickness of the liquid layer on the target surface,
are very important in laser ablation process. On the
other hands, the parameters of laser that can be effective
in products of laser ablation include beam waist, fluence,
wavelength, repetition rate, the number of pulses inci-
dent per unit area, and pulse duration. Therefore, a
minor change in one of these parameters can have a crit-
ical impact on products of ablation. The variations of
size of products in two cases mentioned in this research
are functions of both laser parameters and liquid media.
The calculated values from Z-scan experiments for

Mg/MgO microstructures, Mg/MgO nanostructures and
Mg(OH)2 structures are shown in Table 1. Furthermore,
the real and imaginary parts of χ(3) are listed in Table 1.
The imaginary part of χ(3) is related to β as [23]:

Imχ3 esuð Þ ¼ 10−2ε0c
2n20λ=4π

2
� �

β cm=Wð Þ ð6Þ
The real part of χ(3) is related to n2 as [23]:

Reχ3 esuð Þ ¼ 10−4ε0c
2n20=π

� �
n2 cm2=W
� � ð7Þ
Table 1 Nonlinear optical parameters of the structures prepared
by laser ablation of Mg in acetone, isopropanol and water

Nonlinear optical
parameters

Mg/MgO
microstructures

Mg/MgO
nanostructures

Mg(OH)2
structures [24]

n2 (cm
2/W) -8.2 × 10−13 -2.2 × 10−12 +7.76 × 10−13

β (cm/W) 1.15 × 10−8 1.03 × 10−7 1.01 × 10−7

Im χ(3) (esu) 2.75 × 10−6 2.74 × 10−5 4.58 × 10−5

Re χ(3) (esu) 2.47 × 10−11 7.43 × 10−11 4.42 × 10−11

|χ(3) | (esu) 2.75× 10−6 2.74 × 10−5 4.58 × 10−5
Where in Eq. (6) and Eq. (7), n0 is refractive index, ε0 is
the vacuum permittivity and c is the light velocity in
vacuum.
From the Table 1 data, comparing the values of non-

linear refractive indices (n2) for two samples synthesized
in two different liquid environments indicates that n2 of
Mg/MgO microstructures prepared in acetone is an
order of magnitude smaller than the value for the n2 of
Mg/MgO nanostructures prepared in isopropanol.
As can be seen in Table 1, comparing the values of

the nonlinear absorption coefficient (β) for two samples
synthesized by laser ablation of magnesium target in
acetone and isopropanol indicates that β for Mg/MgO
microstructures is an order of magnitude smaller than
the value for the β of Mg/MgO nanostructures. These
results show that the Mg/MgO nanostructures are
stronger asdsorbent than the Mg/MgO microstructures.
Then, the Mg/MgO nanostructures are more appropri-
ate for the protection of eyes and sensors from harmful
radiations than the Mg/MgO microstructures.
Therefore, it is clear that a contributing factor in the

value of NLO parameters is the particle size of the
material.
Furthermore, comparing the results of this study with

those of the laser ablation of magnesium in water [24]
shows outstanding points. The results of the latter one
in the previous study led to the formation of Mg(OH)2
nanostructures and investigation of their NLO properties.
The sign of the nonlinearity for Mg(OH)2 nanostructures
is opposite to that of Mg/MgO structures.
The low cost of these magnesium-based materials is

another advantage that is worth mentioning comparing
to other NLO materials. Therefore, each of Mg(OH)2
nanostructure, Mg/MgO microstructure and Mg/MgO
nanostructure have its own capability to be used in NLO
devices.
A review of the investigation of NLO parameters of

semiconductors, fullerenes, dyes, metals, and crystals in
various spectral regions was previously reported [34].
Compared to reported amounts in Ref. [34], the Mg/
MgO nanostructures and microstructures have satisfac-
tory values despite their low cost.

Conclusion
The major purpose of the present paper is to open a new
way to the further development to find suitable materials
for producing the highly efficient nonlinear devices that
can be used in optical switching and OL.
The pulse laser ablation of magnesium target in acet-

one led to nearly square Mg/MgO microstructures in
the range of 1–1.5 μm with a narrow size distribution.
These structures possessed dramatic linear and NLO
properties. XRD pattern confirmed the formation of Mg/
MgO microstructures. UV-VIS spectrum indicated a
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characteristic absorption band at about 410 nm. The en-
ergy band gap of Mg/MgO microstructures calculated
equal to 2.3 eV.
Laser ablation of a magnesium target in acetone and

isopropanol is shown to be a convenient approach by which
to fabricate magnesium-based optical limiters devices.
The nonlinear refraction index, n2, for Mg/MgO mi-

crostructures and nanostructures is negative and of the
order of 10−13 cm2/W and 10−12 cm2/W, respectively.
The negative sign of n2 indicates that the self-defocusing
phenomenon has taken place and these structures can be
considered as a thin negative lens. A nonlinear absorption
was detected and is mainly associated with the reverse sat-
uration absorption. The nonlinear absorption coefficient
(β) was of the order of 10−8 cm/W and 10−7 cm/W for
Mg/MgO structures synthesized in acetone and isopropa-
nol, respectively.
The third-order optical nonlinearities, χ(3), are calcu-

lated using |χ3| = [(Re(χ3))2 + (Im(χ3))2]1/2 equation for
Mg/MgO microstructures and nanostructures 2.75 × 10-6

and 2.74 × 10-5 esu, respectively.
These results show that the size of the Mg/MgO struc-

tures is an effective factor in the order of magnitude of
NLO parameters. As well, Mg/MgO microstructures and
nanostructures synthesized by the Ng-YAG laser ablation
of Mg target in acetone and isopropanol are promising
materials for applications in NLO devices.
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