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ABSTRACT 

 The preparation of nanoparticles by laser ablation of a solid target in a liquid environment is an easy 

method. Cadmium colloidal nanoparticles have been synthesized by Nd:YAG laser ablation with 

wavelength of (1064)nm, number of pulses (50) pulses, with different pulses energy (20mJ,40mJ,60Jm) 

of a solid target Cd is immersed in ethanol liquid. Influences of the laser energy on the formation and 

optical characterization of the Cd NPs have been studied using the UV-Vis absorbance and (TEM). That 

illustrates absorbance increased with increasing laser pulse energy in ethanol and through the results 

(TEM) explained that the spherical particles with a regular shape and size limits of (15) nm. Localized 

surface plasmon resonance (LSPR) wavelength of Cd nanoparticles (NPs) around (256)nm.  

 

KEYWORDS: Pulsed L aser Ablation in Liquid,Cd Nanoparticales,SPR,Nanosecond Laser. 

 
INTRODUCTION 

 
Particles with dimensions in the nanometer range made out of II-VI semiconductors are important material 

for optoelectronic applications [1]. This is because size-dependent quantum confinement makes the properties of 
the nanoparticles tunable based on their size. When the size of the Nano crystallites is close to or smaller than 
the exciton Bohr radius within the corresponding bulk material they are termed as quantum dots and show very 
special physical and chemical properties [2]. The optical, electrical, mechanical and structural properties of 
organic polymers can be tuned by the incorporation into them of nanoparticles resulting in the manufacturing of 
nanoparticle composites. 

 The vast majority of established high–yield method to synthesize nearly mono disperse II-VI 
semiconductors quantum dot distributions is based on chemical approaches. The most widely used synthetic 
routes to synthesize CdSe and Cd nanostructures use aqueous solutions facing various functional groups (e.g 
polar and unipolar thiols, amines and others) are employed to stabilize the particles [3]. Purely physical 
production methods which allow the synthesis of uncapped particles were limited to mechanical ball milling 
processes [4-6] and laser ablation in liquids, using laser ablation in liquids to generate noble metal nanoparticles 
in suspension is known since 1993[7-10] and was also applied to several non-metallic system [10,11]. Also 
semiconductors nanoparticles were fabricated by other methods, as deposits on different substrates by pulsed 
electron deposits technique [12], pulsed laser deposition [13] or pulsed laser ablation in argon gas atmosphere 
and methanol vapours [14] as well as by laser ablation in liquid environments(usually using long pulse laser 
sources at high flounces) [15] [16] ,[17] ,[18]. The aim of the work are to prepare of Cd NPs in ethanol solution 
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by using laser ablation of a solid target through a liquid environment and shown the effect of the different laser 
energy and solution on the morphology, particles size, absorption spectroscopy of obtained colloids and 
nanoparticles have been analyzed by UV-VIS spectrophotometer and TEM. In this letter we report for the first 
time the synthesis of Cd nanoparticles by laser ablation of the target material in a liquid environment (ethanol) 
using nanosecond laser pulses. Laser ablation offers an alternative method for nanoparticle synthesis as 
compared to chemical or other methods. 

 
Experimental Work: 

 The experimental set up for the ablation experiment is schematically shown in Fig.1. The laser light used 
for the ablation Nd:YAG laser 1064 nm, number of pulses 50 pulse, energy( 20,40,60 mJ). The pulses were 
focused onto a piece of bulk Cd metal which was held inside a quartz cell with 1cm path length containing 2ml 
of solvent. The depth of the target immersed into the solution was kept during the laser ablation of Cd target. 

 

 
 
Fig. 1: Experimental set-up for colloid preparation by laser ablation. 

 
The absorption spectra of the colloidal solutions was measured using UV-Visible, NPs size and surface 

morphology where examine using TEM, while the shape of NPs examined by SEM.   
 

RESULTS AND DISCUSSION 
 
It is well known that this resonance (SPR) oscillation is a unique characteristic of metal which is currently 

used in a wide range of applications in bio-sensing, biomarker, photonic crystals and Nano photonics. 
In metal nanoparticles, the plasmon resonance is localized on the surface, which can be directly excited by 

visible light. The quasi-static Mie theory provides a convenient method to calculate the extinction spectra of 
spherical metal nanoparticle. 

Figure 2 shows the absorbance spectra of Cd Nano collide in ethanol solution when using the wavelength 
1064nm, when increasing the laser energy, the  absorbance peak pushed toward short wavelengths (Blue shift)that 
mean decrease in mean value of grain size, as well as, the absorbance increases with energy increasing as a result 
of increasing the concentration of nanoparticles.  During the laser ablation of Cd target, it was observed that the 
color of solution was changed and as is shown in Fig (2-b).   
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Fig. 2: (a) Absorption spectrum of prepared Cd collide,                    (b)Photograph of colloidal Cd nanoparticles. 
                                            
Figure (3) shows TEM image and statistical distribution of colloidal nanoparticles for cadmium resulting 

from laser ablation of Cd target by Nd: YAG immersed in (2mL) of ethanol with (1064nm) wavelength, we 
showed formation of spherical nanoparticles with an average size (15nm).  

 

      
 

Fig. 3: TEM image and the statistical distribution of nanoparticles colloidal of cadmium in Ethanol 
 
Figure (4) shows a TEM image of Cd nanoparticles generated with laser fluence of 1.79 J/cm2. From the 

TEM image analysis, the calculated average size of nearly spherical nanoparticles is 17 nm, which is in good 
agreement with Mie theory calculation. The particle size distribution was fitted with a Gaussian function.The 
EDX pattern showed pure composition of Cd metal without oxides. 
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Fig. 4: SEM image and EDX of Cd nanoparticle in ethanol. 
 

Conclusions: 
Cadmium nanoparticles have been successfully fabricated by laser ablation at energy of (20,40,60 mJ), 

number of pulses 50 pulse and wavelength (1064nm) of Cd target immersed in ethanol. Through the (UV-VIS, 
TEM) it is found that the laser wavelength of 1064nm is powerful  to produce Cd nanoparticles in ethanol. The 
obtained nanoparticles are spherical in shape and homogenous. Laser ablation to fabricating nanoparticles of 
cadmium in ethanol shows that the absorption spectra increases with increasing energy and pushed toward short 
wavelengths. TEM images have shown spherical nanoparticles of cadmium particles that are produced using 
wavelength 1064nm  at 20 mJ. 
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