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Abstract 

In this work, the development of nanosystems by Pulsed Laser Ablation 
in Liquid (PLAIL) is of considerable importance to expand their 
biomedical applications, such as drug delivery. In the present study, we 
focus on the conditions of the preparation  Nd: YAG laser wavelength 266 

nm and two different laser fluency (10,28) J/cm2 to control the 
concentration and size stability of superparamagnetic iron oxide 
nanoparticles (SPION) prepared by PLAIL. The characteristics of 
SPION are investigated by energy-dispersive X-ray spectroscopy (EDX) 
spectra which showed strong peaks of Fe and O. Magnetic 
characteristics of iron oxide nanoparticles indicated superparamagnetic 
properties of SPION and suitable physical stability. Optical and 

chemical properties of SPION were investigated using UV-visible 
spectra (UV) and infrared Fourier transformed spectroscopy (FTIR). .  
Scanning electron microscopy (SEM) was used to obtain surface 
morphological studies of SPION.. Results showed that SPION is the 
only cubic shape, the peak absorption shifted toward short wavelengths 
with optimum concentration to the SPION in double deionized water 
(DDW) and in Acetone (0.75,0.33) mg/ml respectively, at high laser 
fluence 28 J/cm2, and this enhancement of value is due to particle size 

and color resultant in a solution. Eventually,, this product has the optimal 
SPION specialty ratio of SPION in the DDW solution at 53.89%, and 
the size is very suitable for drug delivery applications.

 

DOI: 10.53293/jasn.2022.5025.1172, Department of Applied Sciences, University of Technology 

This is an open access article under the CC BY 4.0 License.  

1. Introduction 

The word "Nano" is derived from the Greek language, which includes particles in the size range of 1 to 100 nm. 
Nanoparticles have novel physicochemical characteristics compared to other solid bulk objects, that is, they have 
large reactive areas and exceptional electronic properties [1-4]. New morphologies have been created employing 
a variety of synthetic methods [5,6]. The main goal is to build NP that is ecologically friendly and can be used to 
address future environmental problems [7-9]. Metal nanoparticles are commonly prepared by evaporation–
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condensation, which could be carried out using a tube furnace at atmospheric pressure [13]. Other preparation 
methods are lithography [14], ball milling [15], arc discharge, and pulsed laser ablation [16]. All these methods 
require serious handling and safety must be taken into account when working with NPs [14-16]. Laser ablation 

and nanoparticle generation in liquids is a unique and efficient technique to generate [20], excite, fragment, and 
conjugate a wide variety of nanostructures in a scalable and clean way [21]. Pulsed laser ablation in liquids is one 
of the modern technologies that can create very dense nanostructures in a variety of shapes depending on the type 
of liquid used and can be clad with other materials for medical and biological uses, such as core-shell design, with 
high purity and accuracy, to obtain a closure that can be used in the drug delivery technique [22]. There are many 
area applications of Fe3O4 nanoparticles, such as Li-ion batteries [23], biomedical [24,25], etc. summarized in 
Figure 1. 

 

.sapplication 4O3Fe The Schematic presentation of theFigure 1:  

 
Magnetite is generated from a cubic packing of oxygen with cations at the interstitial tetrahedral and octahedral 
sites, where Fe (II) and Fe (III) cations are disordered at the octahedral sites, whereas the Fe (III) cation entirely 
occupies the tetrahedrons. The material is ferrimagnetic up to Curie temperature (858 K) [25]. When exposed to 
air, Fe3O4 crystallites commonly develop Fe2O3 layers on their surfaces. However, magnetite nanoparticles with 
diameters of less than 30 nm are superparamagnetic [26], meaning that they do not have magnetization and are 
less prone to aggregation. They also outperform metallic nanoparticles in terms of chemical stability and 
biocompatibility [27]. Among the most common methods for making these particles are green hydrothermal 

synthesis, coprecipitation, and laser ablation [28]. The scientific community is interested in laser ablation as a 
synthesis method. For example, Yang mentions in his review article that liquid laser ablation is a chemically simple 
and clean synthesis that does not require severe temperatures or pressures [29]. These benefits enable the use of 
solid and liquid phases to create composite nanostructures [30],[31]. This study investigated the control of the 
liquid types and laser fluency on the concentration and stoichiometry of the iron oxide NPs fabricated by 
nanosecond and third-harmonic generation (THG ) laser ablation. For a generation,  different types of liquids such 
as water, acetone ethanol, and methanol were used. The elements’ concentrations were  measured using EDS 

spectra for a pure Fe plate, and then UV-vis spectroscopy of all NPs prepared in different liquids was used to 
investigate  absorbance, SPION concentration, and  stability with statistical analyzes. Lastly, we used FTIR spectra 
for the chemical compositions of SPION, after obtaining a homogeneous SPION colloid with high laser fluence. 

2. Experimental Procedures 

2.1. Preparation of SPION 

Figure 2 shows the practical arrangement for preparing a SIPON colloid by removal of pulsed laser technology in 
a liquid using a pulsed Nd: A YAG laser (type HUAFEI), with a wavelength of 226 working with the third 
harmonic generation technique (THG). A high purity iron plate (Fe) (Sigma Aldrich (St.Louis MO, USA), 99.5 
%, geometry(10×10×0.5) cm was used to prepare SIPONs. The elemental analysis of the target materials was 
measured by an EDX device. This plate was cleaned with an ultrasonic cleaner, then washed with ethanol, acetone, 
and deionized water to remove any remaining organic compounds after cutting them into small pieces with 
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dimensions of 1x1 cm. Table 1 illuminates the material points and laser parameters that were utilized in the 
experimental part. 

 

 

 

 

 

 

 

 

 

Figure 2: Aschematic presentation of the experimental setup for SPION prepared by PLAIL with different types 
of liquid. 

 
The target was then placed inside a glass beaker containing a small volume of 10 ml of liquid 2 millimeters above 
the target. This liquid consists of DDW, acetone, methanol, and ethanol, which are used in this process. All laser 
parameters used are illustrated in Table 1. The beam diameter is 2 mm was used for laser ablation. Focusing the 
laser beam on the target inside the beaker glass placed on a magnetic stirrer at 700 r.p.m rounds. 
 

Table 1: Laser parameters and materials used in the experimental setup for prepared SPION. 

  

 

Laser beam 

Parameters Details 

Wavelength 266 nm 

Pulse repetition rate  1 Hz 

Duration Spot Size 9 ns 

Spot Size (1.5-2)mm 

Fluence (10,28) J/cm2 

Materials 

Target Fe Plate 

liquid 
Double-ionized water, acetone, methanol, 

ethanol 

 
The laser fluences used are 10, and 28 J /cm2  with shots of 100 pulses which can be controlled by the digital 
screen for 20 minutes at room temperature. Stopped  the ablation process every three minutes [30,31],[12-14]. The 
laser pulsestrikes the target from above  impinging perpendicularly onto the target. These experimental procedures 
were chosen to obtain valid colloidal stability [34], following the indications of our previous experiments. The 
maximum absorbance of the nanoparticle solution was determined by using a UV-visible double beam 

spectrophotometer. 

2.2 Characterization of SPION NPs 

Characterization  was  carried out using  various approaches, such as optical properties study by absorbance (UV-
VISB). The optical properties of SPION NPs were measured using a double beam UV-visible spectrophotometer 
(Aquarius 7000) in the range of (200-800)nm and the morphology of SPIONs was studied by (SEM).  The chemical 

properties study by FTIR spectral: Changes in the composition of various nanoparticles were recorded on a Nicolet 
6700 infrared detector (Thermo Fisher Scientific, USA). SPION NPs  were pressed with KBr to obtain the pellets 
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using a pressure of 300 kg/cm2. The FTIR spectra of the prepared samples were acquired by averaging 32 
interferograms in the range of 1000-4000 cm-1 with a resolution of 2 cm-1.  

3. Results and Discussion 

3.1 EDX analysis for the Fe plate 

Figure 3 shows an EDX spectrum of Fe target and the associated analyses in Table 2. The K series X-ray 
distinguishes all elements. Elements' concentrations were measured using EDX. We used elemental analysis to 
evaluate the chemical composition of a material. Rather than structural consistency, variations were attributed to 
the short duration of testing and background and contaminant interferences [35]. The A-elements' energies may 

interfere with the backdrop or SEM chamber's energies, causing the background in this figure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: EDX spectrum of Fe plate before ablation by LPAIL. 
 

Table 2: Summarized the elements’ weight and atomical percentage of Fe plate by EDX before ablation process 

by laser in liquid. 

Weight % Error Atomic % Atomic 

% Error 

Weight % Element 

2.2 79.3 1.9 94.7 Iron (Fe) 

0.3 20.7 1.2 5.3 Carbon (C ) 

                   
3.2 EDX Analysis for the Prepared SPION NPs in Different Liquids after Ablation Process 

Figure 4 shows an EDX spectra  of colloidal SPION prepared in different liquids (DDW, ethanol, methanol, and 

acetone) after ablation of the Fe target. The EDX spectra showed strong peaks of Fe and O. The components of 
Fe3O4 were formed by the Nd laser: YAG with  operating wavelength of 226 nm working with THG and the 
associated analyses summrized in Table 3. Figure 3 did not show any oxygen peak in the EDX spectrum, because 
it presents different liquids before the ablation process. Figure 4 indicates the high intensity of the oxygen element 

after the ablation of the Fe plate in all different liquids. The weight percentages values of iron and oxygen elements  
for each liquid  were listed  in Table 3, without weight percentages values of carbon due to their very low intensity. 
The morphology of Fe3O4 NPs was examined by the scanning electron microscope-Energy Dispersive X-Ray 
Spectrometry (SEM-EDX). The results shown in Figure 4 is only for  SPION in ethanol, and other liquids SEM 
results have observed by other researchers. Figure 5 a  shows  the SEM image of small cubic nanoparticles of 
SPIONs with a single shape, such as quasi-cubical and without dense nanoparticles or aggregation, and Figure 5b   
displys a histogram of the distribution of granularity  for SPIONs of similar size at a scale of less than 50 nm with 

high frequency%. Therefore, this means a low NPs concentration in this sample. In addition, these  results are 
agreement with EDX results  shown in Figure 4b and elemental weight of 2.2 % iron and 85.6% of particles 
produced by laser ablation in pure ethanol with wavelength 266 nm observed in Table 3. Also, of the same 



Journal of Applied Sciences and Nanotechnology, Vol. 3, No. 1 (2023) 

 

141 

condition with similarly, Lian et. al., (2009)[35]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: EDX spectra for iron oxide prepared by laser in different liquids, a-DDW, b-ethanol, c-Methanol, and 
d-acetone. 

 

 

Table 3: Summarize elements’ weight percentage  and atomic ratios of the SPION NPs obtained  from  EDX 
results after ablation of Fe plate in liquids by laser. 

Weight Error% Atomic  Error % Atomic % 
Weight 

% 
Liquid Element 

1.3 0.4 1.0 3.5 DDW (Iron)Fe 

0.9 0.9 99.0 96.5 DDW (Oxygen)O 

1.2 1.2 0.6 2.2 Ethanol (Iron)Fe 

1.2 1.2 83.5 85.6 Ethanol (Oxygen)O 

1.9 0.5 2.6 9.2 Methanol (Iron)Fe 

2.1 2.1 69.5 69.8 Methanol (Oxygen)O 

1 0.2 0.5 1.9 Acetone (Iron)Fe 

1.6 1.4 45.0 51.4 Acetone (Oxygen)O 
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Figure 5: The morphological characterization of the SPIONs prepared in liquid by laser  with a wavelength of 

266 nm and 10 J/cm2 laser fluence  for 100 pulses (a) SEM micrographs showing the morphologies of cubic 
SPIONs in ethanol, and (b) a histogram of the grain size distribution of  the SPIONs. 

 

3.3 UV-visible Spectroscopy Analysis for Study of the effect of Solution Types and Laser Fluence on the 

Concentration of SPIONs NPs. 

Figure 6 a,b,c, and d explains the absorbance spectra of prepared SPION in DDW, ethanol, methanol, and acetone 
by laser with a wavelength of 266 nm at laser fluences of 10 and 28 J/cm2. This article describes the effect of pulse 
energy wavelength penetrating in a liquid with minimum spot size on the surface of the ablation target for all 
solutions. Laser ablation in these liquid types can be used to create NPs with a variety of laser fluences. 

                  

Figure 6: Absorbance spectra of SPION NPs prepared in different liquids with various fluences of 10 and 28 J/cm
2
 with a 

wavelength of 266nm. Insertion images show the coloration of the suspensions with variety of laser fluences (a- DDW,b- 

ethanol, c, methanol, and d- Acetone). 
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Table 4 with Figure 6 shows absorbance values of the SPIONs NPs prepared in low fluence density at 10 J/cm
2
 

(black line ) and at a higher fluence 28 J/cm2 (red line ) with a wavelength of 266 nm, at both peaks, absorbance 

broadband in (a) DDW and in  (b) ethanol,highest absorbance is 0.079, 0.765 at 222, 243nm and 0.082, 0.923 at 
309, 289nm, respectively. A change in absorbance with a width band shift in the optical absorption towards a 
longer wavelength region of about (200-300)nm was observed due to the generation of large NPs [36],[37]. While 
at both peaks absorbance in (c) methanol and (d) acetone liquids had the highest absorbance 0.122, 0.177 at 
322,325nm and 0.177,0.937 at 322,325nm, respectively, no change absorbance peaks and fixed at 300 nm 
wavelength region due to small size SPIONs and high stability in these liquids [13], [38]. [39]. 

Table 4: Optimal values of absorbance for SPIONs NPs  with different laser fluences at wavelength 266 nm. 

 

laser fluence 

)
2

J/cm( 
SPION Abs . DDW SPION Abs. 

Ethanol 
SPION Abs. 

Methanol 
SPION Abs. 

Acetone 
10 0.079 0.765 0.122 0.887 
28 0.082 0.923 0.177 0.937 

 
Also, it is seen a higher absorbance in all liquids in Figure 6(b,c, and d), because of the effect of ethanol, methanol, 
and acetone, this shift could be due to the fragmentation  resulting from high laser fluence and  could be correlated 
with the presence of Fe+3with carbon or with the plasmon resonance of the nanoparticles or it may be due to the 
Brillouin transitions of iron oxide and O-2 F+2 charge transfer for particles slightly smaller than ours. The efficiency 
of formation is dependent on the reactivity of the liquid with Fe atoms in the plasma plume, These observations 

are in good agreement with the experimental spectra results reported by Sastry et al. [40]. An increased in the 
concentration of NPs in acetone due to an increased laser influence does not make any substantial change in the 
characteristics of the component peaks except for a minor change in their relative intensities [10], [41]. Therefore, 
Figure 6d shows that increasing laser fluence gives the highest optical absorption at 325 nm, due to the stability 
NPs in all laser fluences and is based on the insignificant effect of acetone; this shift could  be due to large size 
nanoparticles [38],[42]. Also shown the broadening of the Plasmon peak in methanol and acetone are sharper than 
in water and ethanol because, in acetone and methanol, there is  high energy of both linear and nonlinear absorption 
mechanisms, accompanied by fragmentation of existing nanoparticles. Additional irradiation of laser pulses onto 

colloidal solution via liquid-phase laser ablation can also be used to decrease the size of NPs, resulting in smaller 
fragments of NPs and high concentrations with a wavelength of 266 nm [43]. Therefore, acetone has good 
stabilizing power and serves as a superior liquid medium that keeps fine SPIONs free from ablation and oxidation. 
This phenomenon was discussed as a pioneer study by Barella, 2010 [44], and Table 5 summarize the formula and 
type formation of SPION in the different types of liquids [7,44,46]. 

Table 5: The chemical formulas of liquid types and SPION forms in the different liquids. 

Liquid types Water Ethanol Methanol Acetone 

  

Formula of liquid 

  

  

  

  
   

SPION forms after 

ablation in liquid 

Fe
3
O

4
, Fe

2
O

3
 

Fe(OOH)
2
 

Fe
3
O

4
, FeC

3
 Fe

3
O

4
,Carbon Fe

3
O

4
,Carbon 

 
In summary, stable and pure SPIONs have been synthesized by laser ablation in acetone without the presence of 
any surfactant and high dispersibility and single-phase purity, and as a result, changing the nature of the liquid 
environment is an easy way to have SPIONs with a different size distribution, high concentration, and high stability 
[47],[48].  Figurs 7 a and b shows the effect of laser fluences on the metal target depth in all liquids with an ablation 
rate, and  constant wavelength of 266 nm. It is affected by the fluence laser utilized to create the iron oxide colloidal 
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nanoparticles and an increase in the ablation rate with increasing laser fluence as shown in Figure 7a. The color 
change of the suspension confirms the presence of Fe3O4 NP after ablation as shown in Figure 7b. 

 

 

 

 

 

 

 

 

Figure 7: The laser ablation of Fe plate in liquid at (a) difference laser fluence, and (b) coloration of the 

suspensions prepared with different fluences (10 & 28) J /cm
2

 with a fixed wavelength 226nm.        

 A sensitive balance with (0.0000) 4 digits was used to calculate the amount of ablated material from the target 
(plate) by laser ablation of materials. It is used to determine the mass concentration of nanoparticles.   For this 
purpose, the target was weighed before and after the laser irradiation for  each preparation condition. After drying 
the targets, the amount of ablated target mass ΔM and the iron oxide decoration ratio were calculated from the 
SPION concentration [49], [50]. Therefore, through this process, you will find from  the results the highest 

concentration of SPION NP, especially in these types of liquid DDW and acetone, then methanol and ethanol 
which its value is 0.75,0.33, 0.25, and 0.21 mg/ml, respectively [51], at laser fluence 28 J/cm2 and is 0.32,0.23,0.12 
and 0.12 mg/ml at laser fluence 10 J/cm2.  Optimal values of SPIONs concentrations in different types of liquids 
are listed in Table 6. 

Table 6: Optimum values of SPIONs concentrations in different types of liquids with wavelength 266 nm. 

Liquid&Fluence 

J/cm
2
 

DDW 

10 

DDW 
28 

Ethanol 
10 

Ethanol 
28 

Acetone 
10 

Acetone 
28 

Methanol 
10 

Methanol 
28 

Weight 

 mg /ml 
0.32 0.75 0.12 0.21 0.23 0.33 0.12 0.25 

Ratio of SPION 

% 
36.10 53.89 19.12 29.28 23.31 30.99 19.12 29.89 

 
The statistical analyzes in the Origin 2018 program and Table 6, concluded in Figure 8 were obtained  which 

shows the relationship between the maximum concentration of SPIONs at fluences of 10 and 28 J/cm2 in different 
liquid types after laser ablation at wavelength 266 nm. Figure 8 (a) at 10 J/cm2and (b ) at 28 J/cm2 agree with the 
other results studies in this work and shows a general decrease in absorbance and concentration SPION (red bar) 
of all liquids (DDW, ethanol, acetone, and methanol) at 0.32, 0.12, 0.23 and 0.12, while the SPION ratio (green 
bar) at 36.1%, 19.12%, 23.31%, and 19.12%, respectively in Figure 8a with a decrease  laser fluence in all different 
solution types, indicating that, as may be expected, the number of nuclei is a smaller size of SPIONs and larger 
particle sizes in 28 J/cm2 fluences increasing concentration SPIONs at 0.75, 0.21,0.33, and 0.25, SPION ratio 

53.89%,29.28%,30.99%, and 29.98% in Figure 8b in various liquid types. This is also qualitatively supported by 
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the overall decreasing coloration of the suspensions (insets in Figure 7b. Instead, monotonically decrease  spectra 
are observed in our experiments, except for a shoulder in the 200–300 nm range, as in research [34], [23], and 
[53]. 

Figure 8: The relationship between SPIONs concentration (red bar), ratio (green bar), and laser fluence/ pulse at a- 10 J 

/cm2 and b- 28 J/cm2 after ablation Fe in different liquid types with wavelength 266 nm. 

3.4 FTIR Results 

After the strike process, the beaker containing the iron plate is moved periodically to obtain a homogeneous SPION 
colloid. Figure 9 a,b,c and d shows the SPION NP produced in the different liquid types, DDW, ethanol, methanol, 
and acetone, respectively, with wavelength 266 nm and laser fluence of 28 J/cm2  [54]. 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

laser a at  prepared acetone -and d, methanol -ethanol, c -DDW,b -NPs in a 4O3Fe of spectra  FTIR :9Figure 

.nm wavelength 266 with 
2

J/cm  10 of efluenc 

 
The spectra of all colloidal NPs showed broadband in the range of 3000-3500 cm−1, which was due to the extended 
vibration mode of the O-H in the three samples a,b, and c. More information on the chemical composition of the 
nanoparticles was obtained by comparing the FTIR spectrum of water, pure ethanol, pure methanol, and acetone 
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with that of pure nanoparticles [55]. The intense band at approximately 3350-3430 cm-1 is attributed to the water 
O–H stretching. The bending vibration modes in the ethanol spectra showed the additional peaks of C-H. This 
could be due to the formation of impurities such as OH [56] or the presence of organic compounds produced during 

the reaction of the laser beam and ethanol, or it could be coming from ethanol itself. These peaks (O–H stretching) 
were missing in the pure acetone spectrum (shown three peaks (594, 1543 and 1633) cm-1 for Fe-O, C-C, and C=C, 
respectively. The absorption peak at 3431 cm -1 corresponds to the stretching vibration of OH indicating the 
presence of a large number of hydroxyl groups on the surface of the iron oxide nanoparticles, which increases the 
tendency to agglomeration in the synthesized SPIONs. Peaks at 1449 cm-1 in b, 1643 cm -1 in c, an additional peak 
at 2895 cm -1 in this sample are attributed to aliphatic H-C, and 1643 cm -1 in d is assigned to the SPION C=C 
stretching. The band appeared on the right shoulder of the spectrum at ∼(500-700) cm-1 in a, and the signal peak 

of ∼594 cm-1 in all samples could be attributed to the Fe-O vibration bond [50] and [57]. The respective metal 

oxides agree well with the results of other workers. All samples were observed to have the characteristic band 
∼594 cm−1, confirming the successful preparation of iron oxide NP using a simple top-bottom  PLAIL approach. 

This is most likely due to the increase in the concentration of FeO NPs as acetone and ethanol. Thus, the FTIR 
results could indicate that the different types of liquids successfully served as stabilizing and capping agents during 
the F3O4 NPs synthesis process [58]. 
 

4. Conclusions 

Briefly, we succeeded in preparing SPIONs by nanosecond laser operating with THG mode. The resultant  
composition of the FexOy NPS depends on the high-flux laser and the type of liquid. In all solutions except ethanol 
and methanol, nucleation was difficultly obtained at low laser fluence, resulting in a small number of nuclei and 
larger particle sizes, while at high energy densities, nucleation occurred simultaneously, resulting in a large number 
of nuclei and smaller particle sizes, especially in DDW and acetone obtained in a high concentration and SPIONs 
ratio at 0.75 and 0.25, and 53.89% and 29.89% , respectively at laser fluency 28 J/cm2. It showed in this work, that 
Fe3O4 nanoparticles size <50 nm and of quasi-cubical shape had stronger saturation magnetization and higher 

magnetic performance. Finally, all types of liquids containing acetone, ethanol, and methanol led to the enhanced 
and increased concertations formation of NPs with SPION phases, which are not detected in NPs generated in 
DDW.  The produced Fe3O4 NPs from this research have been shown to have a high concentration and high 
stability for more samples without exaggeration in alcohol liquid such as acetone, methanol,and ethanol than in 
DDW. Therefore, these liquids are very suitable for biomedical applications, especially in drug delivery. 
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