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Abstract  

In this study, gold nanoparticles were made by using a Q-switched Nd: YAG laser of 1064 

nm wavelength. The process involved hitting a pure gold object in double distilled water 

with 90 laser pulses, each lasting 10 nanoseconds and using 700 mJ of energy. The 

experiments were conducted at different water temperatures. The study looked at how 

heating water affects the optical properties, surface shape, and size of nanoparticles. The 

results showed that as the water temperature rises, the particle size also increases. 

Additionally, when the water is heated to 50 degrees Celsius, the absorption spectra show a 

change towards red. 
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1. INTRODUCTION 

Nanotechnology involves making, designing, and using very small materials called 

nanomaterials or nanostructures. It also includes knowing how the size of these materials 

affects their physical features. Nanotechnology focusses on very small structures or materials 

measured in nanometers, which are usually from less than one nanometer up to several 

hundred nanometers. The smaller the size of nanomaterials and the more concentrated they 

are, the more areas of benefit from them in several very important applications in science, 

technology, and other areas of our daily lives. material Properties depend on the chemical 

makeup and structure of the substances involved. Bulk materials are composed of many 

atoms, and they have energy ranges. These ranges are important because they affect the 

chemical and physical properties of solid materials. In nanomaterials, the electrical energy 

ranges of atoms become very small, which greatly affects most of the physical properties of 

materials. Nanoparticles have important properties such as electronic, optical, mechanical, 

electrical and chemical properties. These new properties of nanomaterials are very different 

from its properties when they were bulk materials. There are several types of methods for 

preparing nanoparticles such as Pulsed laser deposition PLD [4], photo reduction, chemical 

reduction [5], and electrochemical reduction [6]. Using laser to remove metal from a target 

placed in a vacuum cavity or in a certain gas or in air or in a liquid are important methods for 

producing nanomaterials and each of them has its own advantages. Using laser to remove 

metal from a target placed in a liquid such as water is an easy way to create metal 

nanoparticles. This method has gained a lot of interest. [7,8]. Using laser ablation in liquid 

allows for the easy creation of well-formed nanoparticles without needing additional heat 

processes, unlike other methods like laser ablation in vacuum and chemical vapour 

deposition. The producted metal nanoparticles by this method are as colloidal solution [11]. 

The goal of the study is investigating how water temperature affects the uptake and size of 

nanoparticles, as well as the concentration of the nanoparticles produced. 

2. EXPERIMENTAL 

  The quality of bulk gold plate used for production of gold NPS was (99.99%) and its 

thickness was 0.5 mm. By use Nd: YAG laser of wavelength 1064 nm wavelength, 6 Hz 

repeat rate and 10 ns pulse width. The gold object was positioned at the bottom of a 1 mL 

glass container filled with double-distilled water (DDW). The plate of gold was cleaned 

before the trial, and before each trial we cleaned the depth of the gold rod. The layer of 

double-distilled water above the target was 9 mm deep. Researchers looked at how gold 

nanoparticles behave in fluid by measuring how much light they absorb. Because 

nanoparticles grow quickly and clump together, all measures were taken right after they were 

created in water. Gold nanoparticles in distilled water appear pink and remain stable without 

settling. The size and form of gold nanoparticles were examined using AFM and SEM. 

3. Results and Discussion 

  Colloidal gold nanoparticles was created by using pulsed laser ablation of a plate of gold 

put in the quartz vessel that holding 1ml of DDW. The energy focused for each pulse was 

700 mJ, with a total of 90 bursts using a 1064 nm Nd: YAG laser. At different water 

temperature (5,25,50 co). 

Fig. 1 shows UV–VIS absorption bands of gold nanoparticles. The spectra have a noticeable 

peak at about 522nm. It was discovered that samples made at high water temperatures absorb 

less than those made at lower temperatures. 

  Figure 2 displays SEM pictures of gold nanoparticles created by using a laser on metal 

plates that were placed in deionized water. The laser has a wavelength of 1064 nm. 90 pulse 
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and 700 mJ energy with different temperatures of water (50 ,25 and 5co respectively). at 

room temperature (5co) the smaller size particle was more concentration and at room 

temperature and at 5co the shape of particles was circular, but the particles shapes become 

random shapes when the water is heated to 50 co. 

Figure 3 displays pictures from an AFM and the gold nanoparticles size ranges. With 

temperature (50, 25 and 5co respectively) and the 1064 nm laser wavelength, 700 mJ energy 

and 90 pulse, the nanoparticles made had average sizes of 15 nm and 27 nm. The growth of 

nanoparticle size is mainly affected by the cooling rate of the dissolved species in the liquid 

[10]. The growth of nanoparticles is mainly affected by the cooling rate of the dissolved 

species in the liquid. With the decrease in water temperature, we expected an increase in the 

cooling rate, and vice versa, an increase in the cooling rate will lead to the continuation of 

clustering, i.e. the production of larger particles. This means that the increase in water 

temperature caused an increase in the sizes of nanoparticles [11].  At 50 degrees Celsius, the 

size range was between 8 and 12 nanometers, and between 6 and 11 nanometers at room 

temperature. 

 

Figure 1: Spectra of Absorption of the plasmon band of gold nanoparticles, obtained by 

laser ablation at different water temperature. 

Table 1:  absorbance spectra at Minimum values as a function of water temperature. 

Water temperature co Wavelength (nm) Abs. 

50 522 0.644 

25 518 1.529 

5 526 1.652 
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Figure 2: The SEM image of gold nanoparticles on silicon substrate prepared at 

different water temperature ((A)25 co, (B)50 co, (C)5 co) 
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Figure 3: AFM images and corresponding size distribution of gold nanoparticles 

prepared at (A)25, (B)50, (C)5 
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Conclusion 

Using laser ablation technique in double-distilled water at different water temperatures, we 

were able to successfully synthesize gold nanoparticles. From this work, we concluded that as 

the water temperature increases, the size of the nanoparticles increases and their concentration 

decreases. The opposite happens as the water temperature decreases, its size decreases and its 

concentration increase. At higher water temperatures, the absorption peaks of the synthesized 

samples are smaller than those synthesized at lower temperatures of 5 °C. 
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