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Abstract – This study reports the synthesis of molybdenum oxide (MoOx) nanoparticles by pulsed laser ablation of solids in liquids 
(PLAL) using a Nd:YAG laser (1064 nm, 80 mJ, 7 ns pulse width, and 10 Hz repetition rate) and distilled water as the liquid medium. 
A 99.95% molybdenum metal target was ablated for 1.5 hours with an alternating cycle of 10 min ablation and 10 min rest. The 
synthesized colloids were characterized by Fourier Transform Infrared Spectroscopy (FTIR) and UV-Visible (UV-Vis) spectroscopy. 
The FTIR results confirmed the formation of vibrational modes corresponding to terminal Mo=O, bridging Mo-O-Mo bending, which 
are characteristic of the molybdenum oxide phases. The UV–Vis spectrum exhibited a strong absorption band at 299 nm, which can be 
attributed the ligand-to-metal charge transfer (LMCT) in the molybdenum oxide nanostructures. The influence of the distelled water 
medium on the synthesis process, colloidal stability and optical properties is discussed in detail along with the temporal changes 
observed in the colloid. 
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I. INTRODUCTION 

Nanotechnology developed in the last decades and opened up enormous opportunities in different fields, including 
catalysis, sensing, photothermal applications, and healthcare. One of the main challenges in the creation of nanomaterials is the 
choice of synthesis methods that allow one to obtain nanoparticles with high purity, controlled dimensions, and long-term 
colloidal stability. Traditional wet-chemical synthesis methods such as hydrothermal synthesis and chemical reduction sometimes 
involve chemical precursors, reducing agents, or surfactants, leading to residues in the final product and complicated purification 
processes [1], [2]. 

Among the materials studied, molybdenum is a very interesting candidate with excellent optical, electrical, and 
biocompatible properties [3]. Some research projects have uncovered potential uses for molybdenum nanoparticles, especially in 
catalysis and healthcare. Shaker (2020) [4] research revealed molybdenum oxide (MoO₂) nanoparticles have been demonstrated 
as biocompatible contrast agents for in vivo biomedical imaging, enabling the assessment of nanoparticle distribution, organ 
uptake, and safety in preclinical studies 

Pulsed laser ablation in liquid (PLAL) is an “green synthesis” that has attracted much interest due to the ability to 
synthesize clean nanoparticles without any surfactants or other chemicals [5]. The advantages of this method are simple synthesis, 
high purity of the product and control over the size and morphology of particles by tuning the laser parameters. Laser ablation is a 
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proc ess where a laser (light amplification by stimulated emission of radiation) is used to ablate material from a solid target by 
disturbing it using high-energy laser pulses. The Nd:YAG laser with a wavelength of 1064 nm is one of the most widely used 
laser systems in PLAL because of its easy accessibility and stable pulse energy [6], [7], [8]. 

The liquid medium used in the laser ablation process is very important to the properties of the nanoparticles that are 
produced. Distilled water the most used solvent because of its environmentally friendly nature, low cost, and ability to be used to 
directly synthesize nanoparticles through the interaction of dissolved oxygen and water molecules under highly reactive plasma 
conditions during ablation [9]. The interaction of the ablation plasma with water molecules produces reactive species that enable 
the oxidation of the molybdenum target, which leads to the formation of different molybdenum oxide phases depending on the 
experimental circumstances. 

In this work, MoOx nanoparticles were synthesized by pulsed laser ablation in liquid (PLAL) using a 1064 nm Nd:YAG 
laser on a molybdenum metal target of 99.95% purity in distilled water and characterized by Fourier Transform Infrared (FTIR) 
and Ultraviolet-Visible (UV-Vis) spectroscopy. The main discussion in this work is the effect of aqueous medium on colloidal 
stability and the change of optical properties. 

II. EXPERIMENTAL PROCEDURE 

1. Materials 

This study used several materials: molybdenum metal with a purity level of 99.95%, an Nd: YAG laser device at 
1064 nm, beaker glass, and distilled water. The molybdenum with a purity level of 99.95%, cut to approximately 2 x 2 cm, 
was first cleaned using alcohol and distilled water to remove any possible contaminants. Then the molybdenum plate was 
put into a beaker with 10 mL of distilled water. The sample preparation process is shown in Figure 1. 

 

Figure 1. Preparation of molybdenum metal 

 

2. Experimental Set-Up 

The set-up and the synthesis mechanism of molybdenum nanoparticles are shown in Figure 2. The nanoparticles were 
synthesized using the pulsed laser ablation in liquid (PLAL) method with a Nd:YAG laser having a wavelength of 1064 nm. The 
laser parameters were set to an energy of 80 mJ, a focal length of 10 cm, a pulse width of 7 ns, and a repetition rate of 10 Hz. The 
laser was selected in order to increase the ablation efficiency and to get uniform size distribution nanoparticles [10]. 
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Figure 2. Set Up Experimental Pulsed Laser Ablation in Liquid 

The molybdenum plate was rotated continuously at a speed of 10 rpm to ensure homogeneous ablation on the whole surface 
of the target. A transparent glass cover was used to seal the beaker, thereby minimizing solvent evaporation during the exten 
ded procedure. This process generated a laser-induced plasma plume at the molybdenum–distilled water interface. After 1.5 
hours of ablation, the molybdenum nanoparticles were collected for subsequent characterization, an alternating cycle of 10 min 
of laser ablation and 10 min of rest was employed to minimize excessive heat accumulation in both the target and the liquid 
medium during the prolonged PLAL process. This duty cycle allows thermal relaxation of the system, reducing solvent 
evaporation and the formation of large cavitation bubbles that may interfere with plasma stability. In addition, the intermittent 
operation helps maintain consistent ablation conditions and may improve nanoparticle production efficiency by limiting 
adverse thermal effects during synthesis [11]. 

3. Characterization 

Characterization was performed using a UV-Vis spectrophotometer (Shimadzu UV-2600) for optical analysis and a 
fourier transform infrared spectroscopy (Perkin-Elmer UATR Spectrum Two FTIR). 

III. RESULT AND DISCUSSION 

 

Figure 3. Results of the 1.5-hour synthesis. (a) Before synthesis (b) After 1.5 hours of synthesis 

Figure 3a shows pure, clear, colorless distilled water before the ablation process. Figure 3b shows the distilled water turning 
yellowish after the PLAL process, indicating the formation of molybdenum oxide nanoparticle colloids. 

During the ablation process, a 1064 nm Nd:YAG laser beam focused on the surface of the molybdenum target generates an 
extremely hot, high-pressure plasma at the target-liquid interface. This plasma contains excited atoms, ions and clusters of 
Molybdenum nanoparticles that strongly interact with the surrounding water molecules. The interaction causes rapid oxidation 
reactions on the surface of the newly formed nanoparticles, leading to the formation of various phases of molybdenum oxide [12]. 
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The synthesis of molybdenum nanoparticles in distilled water is shown in Figure 3b. In general, during the aging process 
of MoOx nanoparticles in aqueous medium, the colloidal color changes from clear white to golden yellow, is consistent with the 
formation of more oxidized molybdenum species, such as Mo(VI) polyoxomolybdates or hydrated MoO₃, which optically 
exhibit strong absorption in the UV-Vis region associated with the yellow coloration. This color is consistent with the 
dominance of Mo(VI) in the fully oxidized colloid, in contrast to the blue/brown coloration commonly observed for mixed 
Mo(IV) or Mo(V) species [13]. In this study the results of the synthesis of molybdenum nanoparticles in aqueous medium are 
golden yellow color. 

The distilled water medium serves as both an oxidizing agent and a dispersing medium in the synthesis of PLAL. The 
temperature and pressure of the ablation plasma are sufficiently high to dissociate water molecules and produce very reactive 
OH• and H• radicals as the plasma is generated. These oxidative radicals react quickly with the Mo atoms just ejected from the 
target, facilitating the formation of various MoOx phases[12]. 

 

Figure 4. Fourier Transform Infrared (FTIR) of molybdenum in distilled water 

FTIR analysis revealed characteristic terminal Mo=O bands, as well as bands associated with bridging Mo–O–Mo and 
Mo–O bending vibrations. The terminal Mo=O vibrations are generally observed in the range of approximately 970–995 cm⁻¹, 
corresponding to the symmetric stretching mode, while the band around 891 cm⁻¹ is commonly assigned to the antisymmetric 
stretching mode of terminal Mo=O groups. In addition, the bands observed in the 820–875 cm⁻¹ region are typically attributed to 
bridging Mo–O–Mo vibrations. The broad absorption region between 600 and 710 cm⁻¹ is generally associated with Mo–O 
bending vibrations and skeletal lattice vibrational modes related to the molybdenum oxide structure [14], [15], [16], [13]. Weak 
peaks are present at ~3200–3400 cm⁻¹ and ~1620 cm⁻¹, distributed across O–H stretching and H–O–H bending modes, indicating 
that the MoOₓ nanoparticles synthesized in an aqueous medium possess a hydrated water layer on their surfaces[17], [18], 
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Figure 5. Ultraviolet Visible Spectroscopy (UV-Vis) of molybdenum in distilled water 

Figure 5 shows the peak wavelength of molybdenum oxide. The UV-Vis results in Figure 5 show an absorption peak at a 
wavelength of 299 nm with an absorbance value of about 0.85. This strong absorption in the Near-UV (<400 nm) is a characteristic 
feature of molybdenum oxide nanoparticles produced via the pulsed liquid laser ablation method. The 299 nm peak is attributed 
to the ligand-to-metal charge transfer (LMCT) transition from the oxygen orbital to the molybdenum orbital (O⁻² → Moⁿ⁺), 
which is a characteristic sign of the presence of the MoO₃ phase and molybdenum oxide hydrate [19], [20]. The UV-Vis 
spectrum shows a weak shoulder around 700 nm, which may be associated with d-d transitions or intervalence absorption from 
reduced Mo species. Although its intensity is lower than that of the LMCT peak, this feature suggests the presence of a small 
fraction of reduced species in the colloid, which may provide a minor contribution to the overall optical properties [13]. 

IV. CONCLUSIONS 

Molybdenum oxide (MoOx) nanoparticles were successfully synthesized using the pulsed laser ablation (PLAL) method 
with a 1064 nm Nd:YAG laser at an energy of 80 mJ, a pulse width of 7 ns, and a frequency of 10 Hz on a 99.95% pure 
molybdenum target in a distilled water medium. The 1.5-hour synthesis process yielded a MoOx colloid that maintained its yellow 
color over the synthesis duration. The FTIR analysis confirmed the formation of molybdenum oxide structures through the 
presence of terminal Mo=O vibrations at 970–995 cm⁻¹ (symmetric) and 891 cm⁻¹ (antisymmetric), bridging Mo–O–Mo vibrations 
at 820–875 cm⁻¹, and Mo–O bending and skeletal lattice modes between 600–710 cm⁻¹, indicating the successful synthesis of 
MoOₓ-based colloids. The UV-Vis results show a strong absorption peak at 299 nm which is related to O⁻²→Moⁿ⁺ charge transfer 

transition, consistent with MoO3- like polyoxomolybdate species. It has been shown that the aqueous medium is an efficient 

synthesis medium for the synthesis of hydrated MoOx nanoparticles with unique optical properties. To understand better the 
dynamics of MoOx nanoparticles in an aqueous medium, a temporal study of the colloidal stability and the evolution of the 
optical properties is needed. 
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