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Abstract

A homemade Copper Vapor Laser (CVL) operating at 510 nm (green) and 578 nm (yellow) outputs was applied to vaporize the Mg metal target 
in the acetone liquid medium. The Mg plate surface was ablated under a 10 kHz repetition rate and maximum pulse energy of 3 mJ and 
35 ns pulse duration. Structural, morphological, optical, and chemical-bond properties of synthesized Mg and MgO nanoparticles were 
investigated using the X-ray diffraction (XRD) analysis; scanning electron microscopy (SEM) observations, UV-VIS absorption spectroscopy 
and Fourier transform infrared spectroscopy (FTIR) analysis, respectively. The XRD results confirmed the formation of both Mg and MgO 
nanoparticles. The crystallite size and the strain of final powder were estimated about 57 nm and 0.017 from XRD data calculated using the 
Williamson-Hall method. The Mg/MgO ratio was also calculated to be about 67% according to Alexander & Klug formula. The chemical 
bands of products were correctly identified using the FTIR characterization. The SEM images revealed the presence of spherical and platelet-
like structures in a range of 50-80 nm in diameter that confirmed the XRD results. UV-VIS absorption spectrum of Mg/MgO nanoparticles 
synthesized by laser ablation of Mg target in acetone shows a broad peak at about 417 nm attributed to the plasmon absorption 
band at this wavelength. The derivative method was applied to measure the Eg equal to 2.3 eV for Mg/MgO nanoparticles synthesized 
in acetone medium under CVL ablation.
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Introduction
Easy and cost-effective synthesis process, high chemical and 

thermal stability, availability, and non-toxicity are important factors 
regarding the selection of materials and methods to synthesize the 
nanostructured materials. Laser ablation methods as an attractive 
technique for preparation of nanoparticles and nanomaterial have 
been the focus of attention since the discovery of nanotechnology 
science. Considerable interest in laser processing nanomaterials in 
liquids is due not only to the ability to control the compositions, 
particle size, production rate and morphology of the ablated product 
by a tailored selection of liquid medium, surfactants and other 
additives but also for easy and cost-effective synthesis process due 
to the lack of need for vacuum protection.

Magnesium (Mg) and magnesium oxide (MgO) nanoparticles have 
attracted a lot of attention in recent years. Magnesium oxide is an 
excellent candidate for chemical industry applications as a scrubber 
for air pollutant gases (CO2, NOx, SOx) and as catalyst support. MgO 
is an important inorganic material that possesses a wide band gap 
energy (Eg ~ 7.8 eV) [1]. MgO nanostructures are used in 
pharmaceutical and medicinal chemistry, in which the treatment of 
diseases such as tumor search and other cases are generally

considered [2]. MgO nanoparticles are an antibacterial agent with the 
advantages of being nontoxic and relatively easy to obtain [3]. MgO 
nanostructures have drawn special attention because of their 
important applications in the areas of catalysis, refractory materials, 
and superconductors. MgO nanoparticles can be applied in 
electronics, catalysis, ceramics, petrochemical products, coatings 
and many other fields. MgO nanoparticles can be used along with 
wood chips and shavings to make materials such as sound-proof, 
light-weight, heat-insulating, and refractory fiberboard and metallic 
ceramics.

Mg is widely used as an excellent candidate for weight critical 
structural applications because of its impressively low mass density 
that renders a high specific stiffness and strength. It also possesses 
good dimensional stability, high damping capacity and good high 
temperature creep properties [4, 5]. Phuoc et al. synthesized Mg/MgO 
nanocrystallites by laser ablation of Mg in acetone and isopropanol 
with a Q-switched Nd–YAG laser operating at 1064 nm and 
investigated structural properties of the formed Mg/MgO 
nanostructures [6]. Abrinaei et al. reported on the study of structural 
properties of Mg/MgO nanoparticles synthesized by Ng-YAG (λ= 
1064 nm) laser as well as CVL (Cooper Vapor Laser) in isopropanol 
[7].
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A series of experiments are presented here. These experiments 
are performed on the formation of Mg & MgO nanostructures by 
copper vapor laser (CVL) ablation of a magnesium target in acetone 
liquid medium and investigation of structural, morphological, optical, 
and chemical-bond properties of synthesized Mg and MgO 
nanoparticles. A CVL operating at 510 nm (green) and 578 nm 
(yellow) outputs were used to ablate Mg target in acetone 
(CH3COCH3), so that Mg and MgO nanoparticles were synthesized 
and characterized by XRD, UV-VIS, SEM, and FTIR analyzes.

Methodology synthesis

Mg/MgO nanoparticles 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 surface of the magnesium target. The liquid 
depth above the target surface was several millimeters. An ablation 
setup was provided for the about 3 mJ/pulse of CVL (wavelength: 510 
nm, green and 578 nm yellow, FWHM: 35 ns, repetition rate: 10 kHz) 
laser. The laser ablation process lasted for 60 min. During the 
ablation in acetone, the spark plumes become larger with a cracking 
noise. Small bubbles were observed and suggest that acetone was 
pyrolyzed during the laser ablation process. Upon irradiation of the 
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.

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 measured by using a high-
resolution spectrophotometer, Camspec, 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 (Fig. 1). The crystal structure of the 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 second per 
step.

An amount of wet precipitate was transferred to a quartz vessel 
placed in the open air to evaporate the liquid to acquire some powder 
for FTIR investigations (Figure 1). The FTIR spectrum is prepared by 
a Therno Nicollet NEXUS 870 FT_IR model spectrophotometer.

Figure 1 From left to right: magnesium tape in acetone before 
ablation; a schematic diagram of the laser ablation setup; the 
sedimentation of the final product.

Some drops of Mg/MgO colloidal solution have also been 
deposited onto an Aluminum plate to perform SEM analysis with a 
TS5136MM microscope operating at 30 kV.

Results and Discussion

XRD analysis
The phase and crystallographic structure can be identified by the 

XRD pattern of the structures prepared by CVL ablation of 
magnesium target in acetone in Figure 2. 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 percentage of each Mg and MgO nanoparticles can be 
calculated by Rietveld method [8]. The Mg/MgO ratio in the final 
product synthesized by laser ablation of magnesium target in acetone 
was calculated at about 67/33 percentage.

Figure 2 XRD pattern and Williamson-Hall plot of Mg/MgO 
nanoparticles synthesized by laser ablation method under CVL in 
acetone. Note: (+) Mg; (*)MgO

To estimate the crystallite size and the strain of Mg/MgO 
nanoparticles, the Williamson-Hall method was applied using the 
following equation [9]:

β cosθ=0.9λ⁄D+4ε sinθ (1)

Where D is average crystallite size in nm, λ is the wavelength of X-
ray source (0.154 nm), β (in radian) is full width at half maximum of 
the peaks and ε is the strain of lattice. The strain and average 
crystallite size values can be estimated by plotting the β cosθ against 
4sinθ to get a straight line with slope ε and intercept 0.9λ/D. The 
values of strain and crystallite size of Mg/MgO nanoparticles deduced 
from X-ray diffraction calculations according to the Williamson-Hall 
method are estimated about 0.017 and 57 nm, respectively.

Optical properties
Figure 3 shows the UV-VIS optical absorption spectrum of the 

colloidal suspension of the sample in acetone. As can be observed in 
Figure 3, there is a characteristic absorption band at about 417 nm.

Figure 3 UV-VIS spectrum of Mg/MgO nanoparticles prepared by 
CVL ablation of magnesium target in acetone.

The measurement of the energy bandgap, Eg, is important in the 
micro- and nano-materials. There are various methods for calculation
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of Eg. In this work, the energy bandgap was determined using UV-Vis 
absorption spectrum of Mg/MgO nanoparticles. The derivative 
method was applied for the measurement of Eg. In this method, the 
first derivative of the absorbance was evaluated near the fundamental 
absorption edge, leading to Eg [10]. The energy bandgap value is 
obtained equal to 2.3 eV for Mg/MgO nanoparticles.

The calculated bandgap of Mg/MgO nanoparticles synthesized by 
laser ablation method in acetone is significantly smaller than the wide 
bandgap energy 7.8 eV expected for the bulk, pure, crystalline MgO. 
Therefore, it is clear that Mg/MgO nanoparticles have metallic 
conduction behavior [11].

FTIR transmittance spectrum in the wavenumber range of 4000–
500 cm−1 for the Mg/MgO nanoparticles produced by laser ablation of 
Mg in acetone is presented in Figure 4.

Figure 4 FTIR spectrum of Mg/MgO powder prepared by laser 
ablation of Mg target in acetone.

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 surface of Mg/
MgO nanoparticles. This peak shows the presence of the hydroxyl 
group at low coordination sites or defects [12]. 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 [13], where these peaks are due to surface OH stretch in-
phase and out of phase, respectively. The peak at 1672 cm-1 was 
attributed to the bending 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 
chemisorption 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 corresponds to ν (Mg–O) + δ (O–C=O), a peak 
at 673 cm−1 is ascribed to the 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 [14, 15].

Morphological properties
SEM image of Mg/MgO nanoparticles synthesized by CVL ablation 

of magnesium target in acetone (Figure 5).

Figure 5 SEM image of Mg/MgO nanoparticles synthesized by 
CVL ablation of magnesium target in acetone.

The SEM image reveals that the Mg/MgO nanoparticles are 
constructed of particles with the nearly spherical and platelet-like 
shapes in a range of 50- 80 nm that confirmed the XRD results.

Conclusion
Laser ablation of magnesium in acetone has been conducted in 

this study. The XRD spectrum showed that MgO and Mg 
nanoparticles have been formed. The ablation of magnesium in 
acetone yielded spherical and plate-like structures having an average 
size of 50–80 nm. UV-VIS spectrum indicated a characteristic 
absorption band at about 417 nm. The energy bandgap of Mg/MgO 
nanoparticles calculated equal to 2.3 eV.
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