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1. Abstract

         Nanoparticles have been prepared by several methods like thermal decomposition [1], chemical reaction [2], microemulsion method [3], laser ablation [4-10], ultrasonic radiation [18] etc. Preparation of nanoparticle by laser ablation in solution is one of the most cost efficient methods. We have prepared cobalt and nickel oxide nanoparticle by ablation with 1064nm, 532nm and 256nm laser in sodium dodecyl sulfate (SDS) solution and did some of their characterization. Preparation of cobalt and nickel oxide nanoparticles by our method hasn’t been reported in any literature according to the best of my knowledge.

2. Introduction

               The term “nanoparticle” is generally used in the area of material science to represent particles of size less than 100 nanometers, lying intermediate between the molecular state and bulk state. It is expected that the particle with such small size will show drastically different physical and chemical properties than the bulk material [12], which could be utilized in many important applications. Especially, magnetic nanoparticle has been used as an active component of magnetic recording devices, solar energy transformation and chemical catalyst. 

          Furthermore, Physicists and Chemists have been interested in the electronic structure of metal nanoparticles because of the quantum size effect. In fact this is one of the sole reason behind the change in nanoparticle property than its bulk counter part. The electronic structure of the material changes from continuous bands of the bulk state to the discrete energy level of the atoms. As the electronic motion is also reduced due to reduction of special length scale, the energy eigenstate become dependent on the system boundary and thus the surface effect becomes very prominent. 

         The laser irradiation of solid surface for machining, surface treatment [13] and activation of chemical reaction [11] is an important research area. For very low irradiance only worming of the metal surface can be observed and even for a specific wavelength irradiation photoelectric effect may occur. As the power of irradiation increases, heating of the material can induce phase change leading to a surface melting. If the irradiance exceed the threshold, evaporation becomes significant. Due to high laser power irradiance, metal gets evaporated from the target to surrounding gas, where it condenses to form nanoparticle. The surface of these nanoparticle becomes very active and they need special prevention from coating [3,15]. In our process, we have used a solution medium instead of gaseous environment so that a “metal colloidal solution of nanoparticle” is formed which is prevented from possible oxidation from air. Even for making magnetic nanoparticle, this coating of organic solution helps in preventing possible aggregation.

      Before going into the detail of experimental methods, it is necessary to distinguish between reactive and non-reactive laser ablation. In non-reactive laser ablation the material evaporates and condensates in the same chemical composition. In our process of laser ablation, due to the use of organic solution it is expected to have a non-reactive laser ablation. But it cannot be confirmed until we do the characterization of the nanoparticle.  

       Metal nanoparticles (Colloids) have been studied because of their diverse physical properties. They have a very interesting optical property unlike the bulk material [8,9]. The optical spectrums of the nanoparticles depend on the nature of the metals, the particle morphology (size and shape), and the state of aggregation of the particles. Thus, if a metal sheet is ablated in a clear solution or in some surfactant, the resulting metal nanoparticle suspension can become coloured depending upon the type of metal ablated. These colors aren’t only absent in bulk metal but also in the atoms. The origin of such color and hence the strong absorption bands (resonance) in the visible region is attributed to the collective oscillation of the free conduction electrons induced by an interacting electromagnetic field, which is known as surface plasmon resonance.  However, only metals with free (essentially Ag, Au, Cu, and alkali metals) posses plasmon resonance in the visible region, which gives, rise to such rich color of these nanoparticles [15]. However, for the majority of nanoparticle metallic elements in this size range, there is only continuous absorption in the visible range, rising to broad and poorly resolved bands in the ultraviolet region. Thus, for these cases the cobalt and nickel oxide nanoparticle turn out to be dull and grayish in color.

 
Laser is also used for pyrolytic decomposition. In the laser-assisted metal deposition technique, laser acts as direct photon-as well as energy- sources providing a micro-reaction volume by the illuminated zone [11]. Chemical reaction can occur because the absorbed laser photons cause a temperature increment near the interface and thus generate a free radical. Thus a focused laser beam can generate an extraordinary reaction center, which can be used as a reaction initiator or decomposer. This motivated us to use the laser in activating decomposition a reaction, which may lead in formation of nanoparticle.

              Finally we used the laser ablation in organic solution, which not only prevents the active nanoparticle surface from further reaction, it also acts as a size determining parameter. In fact with varying concentration of the surfactant can eventually control the particle size [8,9]. 

3. Experimental Set-up
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                 Fig: 1 Schematic diagram for the experimental set-up

      Nd-YAG laser is mounted on a stand apart from the lens of focal length 15cm. We have mounted the lens in such a position that the laser light is focused on the metal surface. The lens focuses the beam up to a diameter of 1mm

      Initially were facing mainly two difficulties.

1. We kept the metal surface near front edge of the beaker and trying to focus the laser light on the surface. It was done so that the laser light doesn’t lose any energy while penetrating through the liquid solution. But the glass beaker couldn’t sustain the power of the focused laser and got damaged.

2. To avoid damaging the beaker, we kept the metal surface at the end edge of the beaker as shown in fig [1] and focused the laser beam on it. It seems that the laser light will lose much of its power while penetrating through the solution and won’t be able to ablate the metal surface. But that didn’t happen. It was the easiest way of laser ablation of the metal surface without damaging the beaker glass.

4 Experimental Apparatus

4.1  Mirror Set-up

The mirror set-up shown in fig[1] is not a efficient set-up because a considerable amount of laser power is lost when it transmit through the solution. We have thought about a set-up and it is in process where a mirror is being used to transmit the light vertically on the sample.
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                                              Fig 2: Mirror set-up

4.2  NiO Pallet

10g of NiO powder is compressed in a hydraulic press to form the shape of a pallet. It is then kept in a furnace of maximum temperature of 1050( for 12 hours. The pallet is then further kept in a furnace of maximum temperature 1400( for 12 hours in ACMS.

4.3 Nd-YAG Laser:

              We have used an Nd-YAG pulse laser of maximum power of 10mJ/pulse. The lasing medium is one of the most important criterions to characterize lasers. Nd-YAG laser is a type of solid-state laser where neodymium is doped to the yttrium-aluminum-garnet (YAG) host crystal to make the lasing medium. This type of laser is important because it can produce high power. The Nd-YAG laser is Q-switched (gives brief high energy pulses instead of continuous pulse) because of saturable absorber, which only allows the laser light to move between the mirrors for a very small period of time. There are different dyes used as a saturable absorber, which becomes transparent for a considerable exposure to light and becomes opaque again.
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                 Fig 3: Schematic diagrams for the Nd-YAG laser’s working principle

One of the most important properties of this Nd-YAG laser is its second harmonic generation (SHG). The basic principle of second harmonic generation is based on a non-linear crystal property. When a monochromatic light impinges on a surface with lack of symmetry, light of frequency twice that of the incident light can get generated.  


[image: image2.png]Energy

[eV] Fast
 (Non Radiative)
Transitions
15
Laser
10 fTransii
Opticel ranstions
Pumping wml
05

0.0




Fig 4: The energy level diagram of Nd: YAG [16]

4.3  Surfactant

We have used a sodium dodecyl sulfate (SDS) as the synthetic surfactant. Surfactant is needed to control the size of the nanoparticle and for its chemical and magnetic stability. When the laser hits the metal surface an embryonic metal particle is formed and it is followed by a slow particle growth. The SDS coating involves in termination of this growth and thus with increasing SDS concentration we can expect to have a smaller particle size. I have worked on preparation of two types of material, which are magnetic in nature. So beside the control of particle size, I had to make sure that magnetic stability is preserved in the solution of nanoparticle. The use of SDS became prominent when we compared the nanoparticle solution of Co with SDS and without SDS. 
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            Fig 5: Schematic diagram for the Polymer coating of the nanoparticle

4.4  Spectrometer (Lambda 40 UV/Visible Spectrometer)

 This instrument is used to measure the absorption spectrum of the nanoparticle. A grating (1052lines/mm) is used to split the source light (UV/Visible) into a particular wavelength and falls on the sample of nanoparticle solution to measure the absorption coefficient. Using the absorption coefficient found from a SDS solution only eliminates the background caused by the SDS solution.
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       Fig 6: Schematic diagram of the spectrometer’s working principle 

5. Preparation of Nanoparticle

Our primary aim was to prepare nanoparticle by “laser activated” chemical reaction, where the laser would act like an initiator. But we tried to apply that principle in making Cadmium Sulphide nanoparticle but it didn’t work. Then we tried to make metal nanoparticle by “Laser ablation” and we applied it on metals like cobalt, silver, nickel oxide, copper etc. 

5.1 Preparation of CdS nanoparticle
        Background: Laser has been used in chemical decomposition [11] and it motivated us to use laser in activating a chemical reaction which may eventually create nanoparticle.

         CdS is one of the most important compounds in semiconducting chalcogenides. The energy gap of CdS is 2.6 eV (at 0K) and 2.42(at 300K) and it is a direct band-gap. For this medium band gap it can absorb violet and some blue light, and thus it looks yellow in colour. The medium band gap and absorption indicates that it can be a very important constituent for Photovoltaic application. 

       Particle synthesis: In preparation of CdS nanoparticle, we first triturated 4gm of Cd (NO3)2,4H2O  with TEA (Triehylamine) to make a 15ml of salt solution in TEA. It becomes a viscous solution on triturating. Then 20ml of 1M solution of thiourea is added to the viscous solution and it becomes a clear white solution on stirring. We then added NH4OH solution to the mixture to increase the pH and make it alkaline. Laser activates the solution for about 10min and it yellow colour of CdS is precipitated out. But what we initially though to be a laser assisted chemical reaction turned out to be a chemical reaction process to make CdS nanoparticle as the precipitation happened spontaneously as we kept the same mixture overnight in a dark room. The reactions are as following:

  Cd(NO3)2,5H2O + TEA   Triturating
Cd(TEA)2+
Cd(TEA)2+ +SC(NH2)2 +2OH-              CdS +TEA+OC(NH2)2 +H2O

We tried to activate the reaction without adding alkaline solution but it didn’t become successful. 

 5.2 Preparation of Co-nanoparticle in SDS solution

Background:  Cobalt nanoparticle has many bio-medical application and it has been prepared previously by thermally decomposing Co2(CO)8 in toluene or polydimethylsiloxane (PDMS) containing the block co-polymer [2] . Here the silica coating protects the cobalt from oxidation. 

                Cobalt (At No: 27) is a d-block element with ferromagnetic magnetic property same as that of iron.  It has a metallic permeability of about two third of iron. It has a boiling point of about 1750K. It has an electronic configuration of [Ar] 4s23d7.  The bulk cobalt is ferromagnetic at room temperature but the magnetic properties are expected to vary as the metal is broken into nano size particle. The ferromagnetic property of cobalt is due to the unpaired d-electrons, which generate a permanent dipole moment by exchange coupling. 

Particle Synthesis: A SDS solution of concentration 0.1M is prepared and the cobalt metal plate is dipped into the solution. Laser beam with 100% energy and pulse rate 20Hz is focused on the metal surface. We ablated for half an hour and the metal nanoparticle solution is prepared. It doesn’t show any color solution because the absorption of cobalt nanoparticle is in the ultraviolet region. It becomes more evident from the absorption spectrum study.

5.3  Preparation of NiO nanoparticle in SDS solution

Background:  Oxide nanoparticle has been drawing many attentions recently due to its optical and magnetic property. CuO nanoparticle has already been prepared in solution by laser ablation and it has shown promising optical property [3]. It naturally draws our attention to make further progress in making nickel oxide nanoparticle because it can show some interesting magnetic properties too. 

Nickel Oxide (Mol wt: 74.71, 78.5% Nickel and rest is oxygen) is a dark green powder, very stable under ordinary conditions of use and storage. It has a melting point of about 1900ºC thus it can be easily sintered to form a target pallet. “Metal-Ion Implantation” has prepared NiO nanoparticle earlier. In this process O2 gas is flowed through nickel metal at a very high temperature of 800 ºC and then by metal ion implementation nanoparticle has been prepared [4]. But we have tried a simpler method for preparing nanoparticle by “Laser ablation”. 

Particle synthesis: We tried to make a laser ablation on a NiO pallet. So first we prepared a NiO target as been described is section [3.5]. The pallet is kept in a 0.01M SDS solution. As the literature shows that NiO is an antiferromagnetic insulator so the surfactant is needed to take care of the magnetic property of the metal solution. The target is laser ablated for about 30 min and there is clear mark spotted on the target. The solution remains colorless but the ablation is confirmed from the target metals present condition. 

6. Result

We tried to take three measurements to do initial characterization of the nanoparticle prepared.

 
6.1 Study of absorption spectrum

We took absorption spectrum of the cobalt nanoparticle solution in FEAT laboratory. They tasted the cobalt nanoparticle in SDS solution with eliminating the background using another beaker of only SDS solution of same concentration. The working principle has been shown in detail in section [4.5]. The error in the wavelength is 0.3nm, which gives the x-axis error bar, and the error in absorbance (i.e. the y-axis error bar) is 0.015 in maximum.
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                    Fig 7: Absorption spectrum of Co-nanoparticle in SDS solution 

It clearly shows that there is no absorption peak in the visible region as expected for cobalt nanoparticle, but there seems to be an absorption peak in the ultraviolet region. I fitted a gaussian peak function [fig 8] and the fitting correlation is found to be of the order of 94%. This clearly indicates a peak to be in the shorter wavelength region. But I couldn’t understand properly the reason behind getting a peak in the ultraviolet region.
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             Fig 8: The plot fitted with a Gaussian distribution 

6.2 Measurement of Fluorescence

We tried to find whether the nanoparticle solution shows some florescence or not, but the cobalt as well as nickel oxide nanoparticle solution didn’t show any florescence.  

6.3 Particle size measurement 

We couldn’t able to make TEM measurement in this semester itself, but a particle size measurement is necessary before making any further progress. We tried to make a particle size measurement indirectly by a “laser assisted micro particle size measurement” in ACMS. But it also didn’t work because of the low concentration of the nanoparticle solution.  

7. Discussions

          During the fabrication of nanoparticle the importance of surfactant becomes quite evident. The organic coating prevents the nanoparticle from reaction with air. In fact for magnetic nanoparticle they help in preventing aggregation also. This becomes prominent while comparing the cobalt nanoparticle solution with and without SDS.

         Due to absence of free electron in the cobalt, the surface plasmon frequency can’t absorb light in the visible region and that causes the dull color of the cobalt as well nickel oxide nanoparticle solution. They don’t have any absorption in the visible region as expected. But there is a trend of absorption in ultraviolet region for cobalt nanoparticle, which is still not very clear to me.

          Though the ablation was successful and the solution has been well prepared but still it needed further characterization before coming to a conclusive remark.

8. Plans for next semester  

In this semester we have successfully synthesized cobalt and nickel oxide nanoparticle in SDS solution by using laser ablation. This particular method of producing this type of nanoparticle hasn’t been reported yet. We couldn’t involve in much of its characterization because of limitation of time so we have the following plan for next semester.

· In this semester we have already started making a more efficient mirror set-up for the particular experiment. We have fabricated the mirror stand. So in the next semester our initial aim is to complete the set-up as shown in fig [3].

· The most important characterization of nanoparticle is tunneling electron microscopy (TEM) measurement and to take that measurement we have to extract and dry the nanoparticle first. We will be involved in separation of nanoparticle and TEM measurement to get the particle size.

· The literature reflects the fact that one of the most important parts of nanoparticle fabrication is controlling its particle size. Varying the concentration of the surfactant can control the particle size and even we can try with some different organic surfactant in controlling the particle size.

· We are planning to implement this technique on some metals like niobium, iron and some compounds to form nanoparticle in solution.
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