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Abstract  

     Laser processing of materials is currently one of the most interesting topics, 

especially with regard to nanomaterials. In this work, magnesium and magnesium 

oxide nanoparticles were irradiated with laser after they were synthesized using the 

green method to compare their characterization without and with laser exposure 

using some structural and optical characterization techniques. These nanoparticles 

were synthesized from magnesium chloride salt and saffron plant extract and then 

irradiated with a diode laser with three exposure periods (30, 60, and 90 sec). The 

results of the analyses showed that laser irradiation caused a reduction in the 

average grain sizes and diameters of the synthesized nanoparticles and the 

regularity of the surface morphology, in addition to an increase in their absorption, 

and this behavior increases with increasing the period of laser irradiation. 
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المغنيسيوم واوكسيد   لجسيماتتقييم تأثير التشعيع بالليزر على الخواص التركيبية والبصرية 
 المغنيسيوم النانوية المحضرة بالطريقة الخضراء

 

 سحر ناجي رشيد

سم الفيزياء, كلية العلوم, جامعة تكريت, تكريت, العراق ق  
 

  الخلاصة 
تعد معالجة المواد بالليزر في الوقت الحالي واحدة من أكثر المواضيع إثارة للاهتمام، خاصة فيما يتعلق       

بالمواد النانوية. في هذا العمل تم تشعيع جسيمات المغنسيوم وأوكسيد المغنسيوم النانوية بالليزر بعد تحضيرها  
التركيبي   التوصيف  تقنيات  باستخدام بعض  لليزر  قبل وبعد تعريضها  لمقارنة خصائصها  الخضراء  بالطريقة 
تم   ثم  الزعفران  نبات  ومستخلص  المغنيسيوم  كلوريد  ملح  من  النانوية  الجسيمات  هذه  تحضير  تم  والبصري. 

التشعيع بالليزر  ان  ظهرت النتائج  (. اsec 90 ,60 ,30) تشعيعها باستخدام ليزر الدايود بثلاث فترات تشعيع 
شكلها السطحي، بالإضافة إلى  تأدى إلى انخفاض متوسط أحجام وأقطار الجسيمات النانوية المحضرة وانتظام  

 .ها، وأن هذا السلوك يزداد مع زيادة فترة التشعيع بالليزريتزيادة امتصاص
 

1. Introduction 

     Laser irradiation is one of the important material treatment applications, for which there 

are many research studies and continue to be developed [1]. The mechanism of laser 
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interaction with the irradiated material begins when the material absorbs most of the laser 

energy, then the electromagnetic energy is converted into electronic excitation, which turns 

into thermal, mechanical, and chemical energies [2,3]. In addition, the parameters of the laser 

can be controlled to influence the reaction environment, as well as the microstructure and 

shapes of the materials. Laser processing led to obtaining interesting morphologies and size 

modifications of nanoparticles (NPs) [4]. NPs are dispersion solutions of solid particles or 

atomic aggregates and have specific properties, like a high surface-to-mass ratio. 

Furthermore, their small size allows them to spread more freely in media [5]. In general, laser 

processing of nanoparticles in liquids is categorized into two types: the laser fragmentation of 

particles, which is produced by the laser energy absorbed by the involved particles 

themselves, as in Figure (1-a), and laser melting of particles, which increases the crystal size 

and reshapes them; this process can be utilized to melt nanoparticles or nanorods (NRs) into 

nanochains, as in Figure (1-b) [4].  

 

 
(a)                                              (b) 

Figure :1 laser processing of NPs in liquids (a) Fragmentation  (b) Melting [4] 

 

      Most of the NPs studies are concerned with metal and metal oxide nanoparticles due to 

their unique properties, where they are used in many applications. Magnesium (Mg) and 

magnesium oxide (MgO) nanoparticles have recently attracted attention. In addition to the 

many advantages of magnesium, it has good dimensional stability and good properties at high 

temperatures [6,7]. Magnesium oxide nanoparticles (MgONPs) are important materials used 

in different applications, such as toxic waste remediation, catalysis, superconducting 

products, paint, and anti-bacterial activities. They can be prepared by chemical, physical, or 

biological synthesis [8-14]. Biological green synthesis of NPs has many advantages, such as 

being pollution-free, non-toxic, economical, environmentally friendly, and sustainable [15-

17]. In addition to its use in foods, it has uses in various fields, including biological and 

medical, as well as in nanofabrication [18].  

 

     In this work, a diode laser beam was used to irradiate NPs prepared from aqueous 

magnesium chloride using biological green synthesis to investigate some physical 

characteristics without and after laser irradiation. 

 

2. Materials and Methods 

2.1 Biosynthesis of CS-(Mg & MgO)NPs  

      Aqueous magnesium chloride (MgCl2) solution was prepared at a concentration of (1 M) 

by dissolving (0.4066 gm) of MgCl2 in (20 ml) of deionized water on a hot plate magnetic 

stirrer device. Purified saffron (Crocus sativus L. (CS)) plant extract was prepared by adding 

(0.1 gm) of it in (10 ml) of deionized water and heating it for (5 min). The resulting extract 
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was filtered using a Whatman No.1 filter paper. After that, to obtain the nanoparticles, the 

extract solution was added to the MgCl2 solution that was prepared with vigorous stirring for 

(15 min) at a temperature of approximately (50 ᵒC), using a hot plate magnetic stirrer device, 

until the solution changes its color. The methods and procedures for the biosynthesis of 

metals and metal oxides nanoparticles can be summarized: the plant extract is mixed with the 

metal salt solution in conditions depending on the experiment, the metal particles are then 

reduced, and after that, the filtration step is carried out to obtain the metal at the nanoscale 

[15]. 

 

2.2 Laser Exposure 

     Four samples were prepared from the resulting nanoparticles solution, three of which were 

irradiated with a diode laser of a wavelength (808 nm) and a power of (1 W) at three different 

irradiation times (30, 60, and 90 sec). The distance between the laser source and the sample 

was (15 cm). The fourth sample was left without irradiation. Magnesium and its oxide show 

good absorbance in the near-infrared region [19,20], and the light intensity obtained from this 

wavelength of the diode laser is high [21].These two steps of the preparation method can be 

represented in a simplified diagram as in Figure (2). 

 
Figure 2: Simple schematic of MgNPs & MgONPs preparation 

 

2.3 NPs Characterization  

     Structural and optical analyses were carried out for the four prepared samples using field 

Emission Scanning Electron Microscope (FESEM), Energy-Dispersive X-ray spectroscopy 

(EDX), X-ray Diffraction (XRD), Fourier-Transform Infrared Spectroscopy (FTIR), and UV-

visible spectroscopy techniques.  

 

3. Results and Discussion 

3.1 XRD Analysis  

     The results of X-ray diffraction of the prepared NPs for the four samples showed that they 

have a polycrystalline structure, as in Figure (3). It is clear from this figure and through the 

appearance of diffraction peaks in the XRD patterns that the crystalline structure tends to be 

uniform when irradiated with laser, and the degree of this regularity increases with increasing 
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laser irradiation time [22]. Increasing the duration of laser irradiation improved the degree of 

material crystallization. In all apparent diffraction patterns, the formed diffraction angles and 

peaks indicate that they belong to magnesium hexagonal crystal structure according to 

JCPDS Card No. (00-035-0821), which is shaped as in Figure (4-a) [23], and magnesium 

oxide of cubic crystal structure according to JCPDS Card No. (01-078-0430), which is 

shaped as in Figure (4-b) [24]. In addition to the appearance of diffraction peaks in the three 

samples belonging to magnesium hydroxide of hexagonal crystal structure according to 

JCPDS Card No. (07-0239), which is shaped as in Figure (4-c) [25]. This agrees with the 

results of Abrinaei et al. [6], where, according to experimental works, the vapor is adsorbed 

chemically on the MgO surface, leading to the presence of vacancies in Mg. In this process, 

one molecule of water reacts with one molecule of MgO to form Mg(OH)2. The intensity of 

the peaks represents the position of the atoms in the crystal structure. A change in phases 

leads to a change in the crystal structure and, thus, the disappearance of some peaks. Atoms 

in the crystal act individually as a light source similar to slits in a grating, so when the laser 

irradiation causes a decrease in the domain size, these atoms cause spots of different densities 

to appear; this may explain the difference in the number of peaks appearing in the diffraction 

patterns of the samples in Figure (3). 

 
Figure 3 :XRD pattern of prepared NPs without and after laser irradiation at periods of 30, 

60, and 90 sec 
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(a)                                  (b)                                      (c) 

Figure 4 :Crystal structure (a) MgNPs, (b) MgONPs, (c) Mg(OH)2NPs 

 

Table (1) shows that the crystalline sizes of the prepared NPs decreased with increasing the 

laser irradiation period, as it was (27.8 nm) with no laser irradiation. It gradually decreased 

with increasing the period of laser irradiation, where it became (24.8 nm), (23.5 nm), and (7.4 

nm) at irradiation periods of (30, 60, and 90 sec), respectively, agreeing with the results of Li 

et al. [4]. The crystalline size (D) was calculated using Scherer's equation as follows [8]: 

                                                                 𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
                                                                (1) 

 where λ is the X-ray wavelength (0.154 nm), θ is the Bragg diffraction angle, and β is the 

Full Width at Half Maximum (FWHM). 

 

Table 1: Results of XRD pattern analysis of the manufactured NPs without and after 

irradiation at periods: 30, 60, and 90 sec 
Laser Exposure 

Periods (sec) 
NPs 2θ (deg) hkl 

FWHM 

(deg) 
dhkl (nm) D (nm) 

---- Mg 31 100 0.2952 0.286659 27.9 

---- Mg 34 002 0.246 0.262356 33.8 

---- MgO 36 111 0.246 0.244612 33.9 

---- Mg(OH)2 39 101 0.1968 0.229259 42.8 

---- MgO 41 200 0.2952 0.212628 28.7 

---- Mg 49 102 0.2952 0.183661 29.6 

---- MgO 62 220 0.984 0.147959 9.4 

---- Mg 68 112 0.6 0.138734 16 

30 Mg 31 100 0.246 2.86428 33.5 

30 Mg 34 002 0.4428 2.63095 18.8 

30 MgO 36 111 0.3936 2.45172 21.2 

30 Mg(OH)2 39 101 0.1968 2.29748 42.8 

30 MgO 41 200 0.246 2.22131 34.5 

30 Mg 49 102 0.3444 1.83947 25.3 

30 MgO 62 220 0.7872 1.47957 11.8 

30 Mg 68 112 0.3936 1.38854 24.3 

30 MgO 73 311 0.88 0.1294 11.2 

60 Mg(OH)2 22 001 0.25 3.79462 32.4 

60 Mg 34 002 0.44 2.63095 18.9 

60 MgO 36 111 0.394 2.45172 21.1 

60 Mg(OH)2 39 101 0.4 2.29748 21.1 

60 MgO 41 200 0.35 2.22131 24.2 

90 Mg 31 100 1.25 0.2881 6.6 

90 MgO 36 111 1.25 0.2492 6.7 

90 Mg 49 102 0.98 0.1857 8.9 
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 3.2 FESEM Analysis  

     Figures (5, 6, 7, and 8) represent FESEM images (of different magnifications) of the 

prepared NPs with no laser exposure and at different laser exposure times of (30, 60, and 90 

sec) of irradiation, respectively. It can be noted from Figure (6) that  the green synthesized 

NPs were agglomerated in nature, as was also found by Wanga et al. [25], rod-like in shape, 

which agrees with Satheeshkumar et al. [26], with diameters averaging (58 nm). After 

irradiating these prepared NPs with a diode laser for different exposure times, little changes 

in their morphology were noticed, which agrees with Bdewi et al. [10]. The laser irradiation 

caused particle fragmentation, which resulted in the decrease in the NPs diameter averages as 

in Figures (6, 7, and 8) where they became (28, 22, and 12 nm) at irradiation periods of (30, 

60, and 90 sec), respectively. Comparing the average sizes obtained from the results of 

FESEM with those of the XRD analysis, it was noticed that the results are generally similar 

in terms of decreasing. Although the rates obtained from the FESEM analysis results were 

larger as they represent the rates of the nanoparticle diameters, those obtained from the XRD 

analysis results represent the rates of the crystal sizes. FESEM measures the particle size on 

the surface, while XRD measures the crystal size inside the sample, since X-ray penetrates 

inside the sample; in addition to the fact that the particles are larger than the crystals. 

 

 
                             (a)                                                (b)                                                (c)    

Figure5: FESEEM images of prepared NPs without laser irradiation with different 

magnifications (a) 100 nm, (b) 200 nm, (c) 500 nm 

 

 
                             (a)                                                (b)                                               (c)    

Figure 6: FESEEM images of prepared NPs at (30 sec) laser irradiation with different 

magnifications (a) 100 nm, (b) 200 nm, (c) 500 nm 
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                           (a)                                                   (b)                                              (c)    

Figure 7: FESEEM images of prepared NPs at (60 sec) laser irradiation with different 

magnifications (a) 100 nm, (b) 200 nm, (c) 500 nm 

 

 
                            (a)                                                  (b)                                               (c)    

Figure 8: FESEEM images of prepared NPs at (90 sec) laser irradiation with different 

magnifications (a) 100 nm, (b) 200 nm, (c) 500 nm 

 

3.3 EDX Analysis  

       Figure (9) represents EDX images of the NPs without and after laser irradiation. The 

analysis showed signals corresponding to Mg and O elements. The results indicated that the 

average percentages of O increased with the increase in the irradiation period. This result was 

also reached by Li et al. [4]. 
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                                              (a)                                                                                 (b) 

 
                                              (c)                                                                                  (d) 

Figure  9: EDX images of the prepared NPs (a) without laser irradiation, (b) at (30 sec) of 

laser irradiation, (c) at (60 sec) of laser irradiation, (d) at (90 sec) of laser irradiation 

3.4 FTIR Analysis  

     FTIR in the (400 – 4400 cm-1) wavelength range was used to investigate MgNPs and 

MgONPs, as shown in Figure (10), which represents two spectra of the prepared NPs without 

and after (90 sec) of laser irradiation. At approximately (3460, 3420, 1630, 1150, 576, 520, 

455, and 425 cm-1), different absorption bands for the prepared NPs were detected, as was 

also done by Satheeshkumar et al. [26]. At high wavenumbers, the stretching vibration of the 

(O–H) bonds appeared; also, CO2 stretching vibration appeared as a result of ambient carbon 

dioxide adsorption, and the existence of an (O–H) stretching mode of water was shown. The 

peak of magnesium hydroxide (Mg–OH) was noted at less than (1000 cm-1). The detected 

peaks, which appeared from (576 to 425 cm-1), confirmed the creation of (Mg–O) stretching 

vibrations. This result agrees with that of Wanga et al. [25] and Alterary et al. [27]. 

 
Figure 10 :FTIR spectra of the prepared NPs without and after (90 sec) of laser irradiation 
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3.5 UV-Vis Spectroscopy  

     Some optical properties of NPs without and after laser irradiation were analyzed using 

UV-Vis spectroscopy. The absorption spectra of the prepared NPs are shown in Figure (11). 

The peak representing the surface plasmon resonance (SPR) is highlighted; this peak 

represents the tuning of the frequencies of the nanoparticles’ surface electrons with the 

frequencies of the illuminated light [28]. The position of the SPR in these spectra was 

between (322 – 330 nm) starting for the samples without laser irradiation (high value) and 

ending with those irradiated for the longest period of time. It is clear that SPR peak shifted 

towards short wavelengths and increased in width with increasing the irradiation period, 

which was the cause for the decrease in the diameter rates of NPs. 

 
Figure 11: Absorbance spectra of the prepared NPs without and after laser irradiation 

 

Transmittance spectra show behavior opposite to absorbance spectra, as shown in Figure 

(12). On the contrary, the absorption coefficient (α) curves, shown in Figure (13), are similar 

to the absorbance curves, as was also documented by Ali et al. [29]. The absorption 

coefficient was calculated from the following equation [29]: 

                                                               𝛼 = 2.303
𝐴

𝑡
                                                              (2) 

where A = the absorption and t = the thickness or the light path through the sample. It is also 

clear from these curves that increasing the laser irradiation time, which in turn caused an 

increase in the laser flux, led to the rise in the value of the absorption coefficient of the 

prepared NPs. 
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Figure 12: Transmittance spectra of the prepared NPs without and after laser irradiation. 

 

 
Figure 13:Absorption Coefficients of the prepared NPs without and after laser irradiation. 

 

     XRD results showed the peaks at diffraction angles belonging to MgONPs, from which 

their energy gap was calculated. Figure (14) represents the product of the absorption 

coefficient multiplied by the photon energy as a function of the photon energy. From the 

intersection of the tangent of the curve with the photon energy axis, the energy gap (Eg) of 

the prepared NPs was calculated without and after laser irradiation. It is clear that Eg rose 

with the irradiation time and also increased with the increase in laser flux. The increase in the 

energy gap values, which correspond to the increase in absorbance, resulted from the 

decrease in the size of the nanoparticles, which occurred as a result of the increase in the laser 

irradiation time. The increase in the energy gap values may mean recrystallization due to the 

increase in the laser flux. 
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Figure 14: Energy gaps of the prepared NPs without and after laser irradiation 

 

4. Conclusions 

     Enhancing the structural and optical properties of nanoparticles using laser beams is a 

good and promising result for controlling the advantages of nanoparticles and employing 

them for different applications by controlling the parameters of the laser used. A diode laser 

with a wavelength of (808 nm) and a power of (1 W) was used to irradiate the NPs with 

different irradiation times. It was found that it has an effect (albeit with slight changes 

sometimes) in characterizing magnesium and magnesium oxide nanoparticles prepared using 

the green method. It affects the averages of nanoparticle sizes, diameters, and absorbance, 

which can be used in various medical as an antimicrobials and anticancer cells, and in various 

industrial applications as a detector or gas sensor.  
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