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ABSTRACT 

Gold nanoparticles have been synthesized by laser ablation. Firstly it was used laser ablation method in deionized water to produced 

nanogold particles via 1064nm laser wavelength produced by a Q-switched Nd-YAG laser, pulse width of 10 ns, repeating frequency 

of 6 Hz, at ambient pressure and temperature with different energies of laser shots. UV-visible absorption spectra of colloidal of 

synthesized nanogold have been studied and transmission electron microscope was used to investigate the sizes and shapes of the 

nanogold particles, secondly  Magnetic field assisted Laser ablation system is constructed by a  (700  gauss) of magnetic field 

produced by permanent magnetic poles plates was applied above the target. The results of UV visible spectra and TEM images 

showed that the absorption peak increase and its width decrease as the energy increases which indicate that the concentration of the 

nanogold particles is increased and the nanoparticles become less distribution in the presence of magnetic field. The absorption peaks 

have highest values and was noticed that absorption peak positions shift to short wavelength (blue shift) which mean that the smaller 

average size, and that the applied constant magnetic field can enhances the laser shots energy. 

Keyword: Laser Ablation, Gold Nanoparticles, Plasma Plume, Plasmon Resonance, Negative Feedback Effect, Magnetic Field, 

Enhancement of Energy. 

 

INTRODUCTION 

The laser ablation of a solid target immersed in a liquid has 

become an increasingly important “top down” method for 

fabricating nanostructure materials
1
. This physical approach 

was originally used to produce noble metal nanoparticles with 

“bare” surfaces, which cannot be achieved with wet chemical 

methods
2
. Laser ablation is a phenomenon which occurs when 

a solid-state target is irradiated by an intense laser beam. The 

intense laser beam evaporates the target explosively, and many 

atoms and molecules are ejected from the target. In addition, 

the plume also contains electrons, ions, and photons. This 

means that dense plasma, which is produced from a solid, is 

formed in front of the target. The most widely used medium in 

liquid-phase laser ablation is water. By ablating rare metals 

such as gold in water can produce nanoparticles of pure 

metals. When a pulsed high-power laser interacts with a target 

material the process is often referred to as “laser ablation”. 

Here ”ablation” covers a variety of processes that occur during 

the interaction such as absorption, surface melting and 

vaporization, ejection of particles, and plume formation and 

expansion
3-5
. The actual sequence of events which occurs 

when laser pulse arrives at the target is illustrated in figure 1.  

Firstly,  

a) The leading edge of the pulse causes the surface to melt. 

Then,  

b) The melt front proceeds further into the target as the molten 

material begins to evaporate. Then,  

c) A dense plume forms which is still opaque to the laser pulse 

causing its temperature to rise rapidly. Finally,  

d) This plume expands rapidly, becoming more transparent as 

the plume density decreases; the plume absorbs the laser 

radiation by inelastic free electron scattering also called 

Bremsstrahlung, which results in further heating of the 

plasma.  

The molten material which is left behind then begins to 

resolidify
3
. Mie theory plays a crucial role in describing the 

optical properties of metal nanoparticles, especially silver and 

gold particles. One of the important uses of this theory in 

describing the size dependence of localized surface plasmon 

resonances
6
 Mie theory easily describes red shifts and 

broadening of the dipole Plasmon resonance as particle size is 
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increased, as well as the appearance of quadruple and higher 

resonance contributions as shown in figure 2. When spherical 

metal particles are transformed into nanoscale rods, disks, or 
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Figure 1: Schematic presentation of the laser target interactions 

 

 

 

 

 

 

 

 

MATERIALS AND METHODS

Gold nanoparticles: 

Nanoparticles, i.e. particles with the sizes in the range of units 

to hundreds of nanometers, lately attract a comprehensive 

attention in different fields of physics, chemistry, material 

science, medicine, and biology, as a result of their unique 

electronic, magnetic, optical, mechanical, physical and 

chemical properties. Gold nanoparticles are one of the most 

useful nanoparticles in industry and medicine

nanoparticles are synthesized by various methods

work gold nanoparticles synthesized during laser ablation. 

After the generation of the nanoparticles, the next stage is the 

characterization.  The characterization will give information 

about the size and the shape of nanoparticles. Nanoparticles

contain small enough several constituent atoms or molecules 

that they vary from the properties natural in bulk. They 

contain a high enough several constituent atoms or molecules 

that they cannot be dealt with as an isolated group of atoms or 

molecules. Hence, nanoparticles present electronic, magnetic, 
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increased, as well as the appearance of quadruple and higher 

2. When spherical 

metal particles are transformed into nanoscale rods, disks, or 

triangular prisms, the surface plasmon resonances are strongly 

affected. 

 

                                               

1: Schematic presentation of the laser target interactions during a high-power laser pulse

 

Figure 2: Resonances of gold spheres 

METHODS 

Nanoparticles, i.e. particles with the sizes in the range of units 

to hundreds of nanometers, lately attract a comprehensive 

attention in different fields of physics, chemistry, material 

lt of their unique 

electronic, magnetic, optical, mechanical, physical and 

chemical properties. Gold nanoparticles are one of the most 

useful nanoparticles in industry and medicine
7-10

. Gold 

nanoparticles are synthesized by various methods
11-12

. In this 

work gold nanoparticles synthesized during laser ablation. 

After the generation of the nanoparticles, the next stage is the 

characterization.  The characterization will give information 

about the size and the shape of nanoparticles. Nanoparticles 

contain small enough several constituent atoms or molecules 

that they vary from the properties natural in bulk. They 

contain a high enough several constituent atoms or molecules 

that they cannot be dealt with as an isolated group of atoms or 

nce, nanoparticles present electronic, magnetic, 

optical, physical, and chemical properties that are completely 

different from both the bulk and the constituent atoms or 

molecules. Applications of gold nanoparticles are based on 

their unique properties, and this uniqueness can be interpreted 

in terms of the high relativistic contraction of its 6s orbital 

resulting in a very small atomic radius. These unique 

properties of gold nanoparticles provide many applications in 

various fields. 

EXPERIMENTAL SET UP 

Preparation of gold nanoparticles

A gold nanoparticle was prepared by pulsed laser ablation 

(Nd:YAG) of gold plate (with purity of 99.99%) with 

10mm×5mm×1mm dimensions immersed in deionized water.

The gold plate was fixed at the bottom of a glass vessel 

containing 2.5 ml deionized water. The depth of the water 

layer above the target was 12mm and ablation was carried out 

using focusing beam output of pulsed laser at 1064 nm with 

100 laser shots (pulses).  Ablation was carried out at energy 

(200, 300, 400, 600,700) mJ/pulse, with a repetition rate of 6 

Hz per second and pulse width of 10 ns. These energies were 
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taken since such energies have been presented in scientific 

researchers and literatures that have a tolerable and 

satisfactory average size and within our possibilities. The laser 

beam was focused on the gold target using convex lens of 11 

   Figure 3: At right schematic of laser ablation system, the left is App

Figure 4 : The target (gold) (purity of 99.99%) with 10mm×5mm×1mm dimensions was fixed at bottom of glass vessel. 

 

Distilled and de-ionized water is necessary for the preparation 

of all samples and solutions in this work otherwise if it 

contaminated may affect and get wrong result due to 

interaction with beam laser.  Deionized water prepared in 

Baghdad university/college of science/chemist department 

laboratory by process of ion exchange. Distilled water was 

prepared in our laboratory in glasses containers to avoid the 

contamination. After that Preparation, the pH and resistance of 

a 
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taken since such energies have been presented in scientific 

researchers and literatures that have a tolerable and 

possibilities. The laser 

beam was focused on the gold target using convex lens of 11 

cm focal length. The typical laser beam diameter on the target 

was 2mm in diameter by changing the distance between the 

focusing lens and the Au target as shown in figure

shows the target before and during the laser shooting.

: At right schematic of laser ablation system, the left is Apparatus of laser ablation system

                             

 

The target (gold) (purity of 99.99%) with 10mm×5mm×1mm dimensions was fixed at bottom of glass vessel. 

(a) before laser shot and (b) during laser shot 

ionized water is necessary for the preparation 

otherwise if it 

contaminated may affect and get wrong result due to 

interaction with beam laser.  Deionized water prepared in 

ge of science/chemist department 

laboratory by process of ion exchange. Distilled water was 

prepared in our laboratory in glasses containers to avoid the 

contamination. After that Preparation, the pH and resistance of 

water were measured to be near 7 and 5

respectively. The optical absorbance spectrum of the produced 

nanoparticles colloidal was recorded using spectrophotometer

Magnetic field assisted Laser ablation system

It was repeated the previous experiment with   (700 gauss) of 

magnetic field produced by permanent magnetic poles plates 

was applied above the target as in figu

at ambient pressure and temperature 

b 
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The typical laser beam diameter on the target 

was 2mm in diameter by changing the distance between the 

e Au target as shown in figure 3.  Figure 4 

shows the target before and during the laser shooting. 

aratus of laser ablation system 

 

The target (gold) (purity of 99.99%) with 10mm×5mm×1mm dimensions was fixed at bottom of glass vessel.  

water were measured to be near 7 and 5×10
6
 ohms/cm 

The optical absorbance spectrum of the produced 

nanoparticles colloidal was recorded using spectrophotometer.  

assisted Laser ablation system 

It was repeated the previous experiment with   (700 gauss) of 

field produced by permanent magnetic poles plates 

was applied above the target as in figure 5. The pulsed laser is 

at ambient pressure and temperature  
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Figure 5: Experimental Magnetic field assisted Laser ablation in liquid system 

UV-Visible spectral analysis of gold nanoparticles colloidal 

The optical absorbance spectrum of the produced 

nanoparticles colloidal using different laser shots energy (200, 

300, 400, 600,700) mJ/pulse, with 100 laser shots  for each, 

was recorded using UV-Vis spectrophotometer (Metertech  

SP-8001 ) which has been proved to be a useful diagnostic 

tool. 

Transmission Electron microscope 

The morphology and size distributions of gold nanoparticles 

were analyzed using Transmission electron microscope (TEM) 

using a CM10 Philips at college of medicine Al-Nahrain 

University as well as the crystallization of the produced 

nanoparticles by electron diffraction technique. TEM images 

have been captured under the condition: 60 KV working 

voltage. 

RESULTS AND DISCUSSION 

Characterization of gold nanoparticles 

Figure 6, showing the formation of colloidal nanogold 

particles. It was observed that the color of solution changed 

from light pink color, due to the reduction of metal ions which 

arises from excitation of surface Plasmon vibration in the 

metal nanoparticles  and then finally deep as the laser shots 

energy increased. The deeper color indicates higher 

concentration of gold nanoparticles as a function of the laser 

shots energy due to the increases of molten material as the 

laser shots energy increase.  The absorbance peaks in visible 

region are the characteristic metals NPs formation, the UV-

visible absorption spectra of all colloidal produced illustrated 

in the figure 7. We can see from the spectra a sensible increase 

in the absorption intensity, accompanied by a slight change in 

bandwidth and a maximum wavelength, when the laser energy 

increases. Deviate from that at 600mJ and 700mJ, since at 

these high energies the concentration of the nanoparticles 

becomes high and the shape of some nanoparticles different 

from spheroidal which are increase with laser shots energy, 

and the size become more lager and also may the efficiency of 

the laser system become less productivity due to large power 

result in its temperature to be high. From this first analysis of 

processing at a fixed laser shots, it emerges that the increase of 

energy laser shots up to the range 600mJ–700mJ does not 

necessarily increase the production rate of the NPs. Moreover, 

with high laser energy, increasing shots can inhibit the 

production rate. These observations are called a negative 

feedback effect. Indeed, modifying the laser parameters in a 

particular way does not result in what we expect. It is 

interesting to note that it is not necessary to increase the 

parameters much to get the highest concentration because of 

the negative feedback effect. The absorption of the Plasmon 

resonance (the peak intensity) increases and slightly red shifts 

as the laser pulse energy increases indicating more Au 

nanoparticles were produced in the same ablation time. And in 

general the absorption peak position shift to long wavelength 

(red shift) which mean that the larger average size, where the 

shifting toward to fewer wavelengths (blue) when the size 

reduced. Figure 8 and figure 9 shows the energy versus 

absorption and energy versus wavelength respectively. TEM 

was used to illustrate the shape and size with different laser 

shots energy, the TEM images show that the particles size 

increases as the laser energy increase and the spherical 

particles are predominant until the energy 600,700 mJ or 

above which spindles and other variant shapes are exist as 

shown in figure 10. So it is clear from the UV –visible spectra 

and TEM images that at relatively low shots energy result in 

inhomogeneous nucleation and relatively small average 

particles size and at relatively High energy result in 

homogeneous nucleation and larger average particles size. 

These can be explained as laser pulse which depends on its 

energy, first heats up the target surface to the boiling point, 
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and thus, plasma plume containing vapor atoms of target is 

generated. Then, plasma expands adiabatically, and finally, 

nanoparticles will be generated when condensation occurs. 

During the condensation step, first, nucleation takes place, 

then fine nuclei either collide or stick to each other which 

result in growth so as the laser shots energy increase the 

ablated material at the very initial stage of the interaction of 

the high energy laser with the interface between the solid and 

the liquid, species ejected from the solid target surface have a 

large initial kinetic energy will increase and consequently the 

size of particles would be larger. The electron diffraction 

pattern for gold nanoparticles shows that they have a 

polycrystalline structure as in the figure 11. 

 

 
Figure 6: The color of the nanoparticles colloidal obtained by laser ablation of gold plate immersed in deionized with different  laser shots energies 

(200,300,400,500,600)  mJ, 100 laser shots and wave length is 1064 nm of Nd-YAG 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: UV-visible absorption spectra of nanogold colloidal as laser energy increases 

 

 
Figure 8: Shows the increase of absorption as the energy increase 
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Figure 9: Shows the wavelength increases and slightly red shifts as the laser pulse energy increases 
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Figure 10: TEM images for produced gold nanoparticles by the (200,300,400,600,700) mJ of the laser shots energy and corresponding sizes 
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Figure 11: TEM electron diffractio

Effect of magnetic field: 

Figure 12 shows the absorption spectra of colloidal of 

nanogold particles synthesized by magnetic field assisted 

Laser ablation of a piece of gold plate placed on the bottom of 

glass vessel containing 2.5 ml of deionized water at ambient 

temperature accompanied with 700 Gauss a magnetic field is 

applied above the target with energies (200, 300, 400, 600) 

mJ/pulse, respectively and 100 laser shots. It is clear from the 

figure that the absorption peak increase and its width decrease 

as the energy increases which indicate that the concentration 

of the nanogold particles is increased and the nanoparticles 

become less distribution. These results are agreed with the 

previous case (the Effect of laser energy) without magnetic 

field except that the absorption peaks have highest

shown in the figure 13. Also it was noticed that absorption 

peak positions shift to short wavelength (blue shift) which 

mean that the smaller average size, which is contrary to the 

case where no constant magnetic field as show

13 and also shown from the TEM images as in the figure 14

These results can be attributed to the effect of the constant 

magnetic field with the plasma (plasma plume formation due 

to laser impact). The plasma frequency (ωP)
 13
 is 

   
Where n is the number of particles per cubic centimeter in the 

last term and (e) is the particle charge (q). But in oscillations 

of plasma in a constant magnetic field (B) 

frequency which called the cyclotron frequency (

ωc = qB/m 

Figure 12: UV-visible spectra for colloidal of nanogold particl
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11: TEM electron diffraction pattern of Gold nanoparticles 

Figure 12 shows the absorption spectra of colloidal of 

magnetic field assisted 

of a piece of gold plate placed on the bottom of 

glass vessel containing 2.5 ml of deionized water at ambient 

accompanied with 700 Gauss a magnetic field is 

applied above the target with energies (200, 300, 400, 600) 

mJ/pulse, respectively and 100 laser shots. It is clear from the 

figure that the absorption peak increase and its width decrease 

ases which indicate that the concentration 

of the nanogold particles is increased and the nanoparticles 

become less distribution. These results are agreed with the 

without magnetic 

peaks have highest values as 

. Also it was noticed that absorption 

peak positions shift to short wavelength (blue shift) which 

mean that the smaller average size, which is contrary to the 

c field as shown in the figure 

he TEM images as in the figure 14. 

These results can be attributed to the effect of the constant 

magnetic field with the plasma (plasma plume formation due 

is  

is the number of particles per cubic centimeter in the 

last term and (e) is the particle charge (q). But in oscillations 

B) would appear 

frequency which called the cyclotron frequency (ωc) 

Then the “upper hybrid frequency” for such oscillations is 

where 

The frequency is greater than either 

energy be greater than that where no magnetic field. That is 

mean we gain energy of laser enha

figure 14 which shows the absorption peak values with 

presence of magnetic field is increased than the peak values 

without magnetic field, and since these values could be 

increased either by increase laser shots or pulse energy as 

explained before, so we can say the applied constant magnetic 

field can enhances the energy. Due to the presence of constant 

magnetic field the particle moves in a circular orbit with 

cyclotron frequency, the radius of the circular orbit

radius, radius of gyration, or gyroradius

r⊥ = mv⊥ / (qB) = v⊥ /ωc 
It is clear from this equation that the radius of the circular 

orbit is inversely proportional with the cyclotron frequency 

(ωc) which was  appeared only by applying constant magnetic 

field, consequently the movement path of the nanogold 

particles would be confinement and  reduced when the 

magnetic field exists which result in the collisions of each 

nanoparticles with this specific and limited confinement path 

with others also be less or reduc

agglomerating and from tendency to aggregate

size of nanoparticles to be smaller than that when no magnetic 

field applied. 

visible spectra for colloidal of nanogold particles produced with magnetic field
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from tendency to aggregate resulting in the 

size of nanoparticles to be smaller than that when no magnetic 
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Figure 13: The absorption versus energy when magnetic field was existent in comparison with no magnetic field exists 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (14): The wavelength (nanoparticles size) versus laser energy (a-with700gauss magnetic field, b- with no magnetic field). 

 

CONCLUSION 

The increasing of energies of laser shots in laser ablation 

method  increase the sizes and vary the shapes of the produced 

nanoparticles .The magnetic field assisted method is found to 

be the successful way to enhance and increase the energy of 

used the laser shots which use to ablate the bulk material to 

introduce nanoparticles and can be considerably one of 

methods to obtain smaller sizes.     
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