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H I G H L I G H T S   A B S T R A C T  
• Using laser ablation of pure gold targets to 

obtain gold Nano rods. 
• A cheap pulsed laser source was used to 

prepare gold Nano rods. 
• Zinc-doped gold Nano rods were prepared to 

fabricate optical and biological sensors. 
• The fabricated Zinc-doped gold Nano rods 

shave superior optical, structural, and 
morphological properties and can be used in 
different sensors. 

 In this paper, the effect of using laser ablation of pure gold targets to obtain gold 
Nano rods and for pure zinc targets to obtain zinc oxide nanoparticles was studied 
separately in ethanol using an Nd:YAG laser tattoo removal (nanosecond pulses) 
and then mixing the resulting mixtures to obtain gold dopant with zinc oxide. 
Transmission electron microscopy (TEM), (XRD) X-Ray Diffraction and the 
optical properties were used to characterize the pure gold Nano rods, ZnO 
nanoparticles, and Au doped ZnO nanoparticles. Based on XRD and TEM, the 
results revealed the properties of the produced gold Nano roads. The obtained 
results indicated that the gold Nano rods produced by the 1064nm laser have 
superior optical, structural, and morphological properties and can be used in 
different sensors. 
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1. Introduction 
Nano rods and Nanoparticles (Nps) of noble metals have recently emerged as intriguing materials due to their unique features 

and critical applications in various scientific fields [1, 2]. The production of metallic Nano rods, mostly silver or gold, has sparked 
interest due to their (SPR) surface Plasmon resonance-related features, which could be helpful in biological applications [3, 4]. 
The control of physical parameters of the ablated Nano rods, like the surface functionalization, shape, and size, is the most 
essential concern in Au NP production [5, 6]. Pure and Doped Gold Nano rods focus on the Nano bio, Nano-Photonics, and Nano 
medicine applications due to their chemical stability and prominent optical features [7, 8]. 

As structure versatile surface-upgraded Raman dissipating based labels for illness focusing on and conclusion, Gold Nano 
rods can also make a difference in malignant growth imaging by photoacoustic or light dispersing. Biotechnology, material 
sciences, PC sciences, prescriptions, pharmacy stores, and design use nanotechnology to stress materials on 10-9 meter scales. 
In the ninth century, Mesopotamian individuals first used nanotechnology to create a glossy effect in pottery [9, 10]. 

Michael Faraday discovered ruby gold nanoparticles (Au NPs) for the first time in 1857, laying the groundwork for advanced 
nanotechnology [11, 12]. The flounce of used laser, spot estimation, pulse width, repetition rate, and wavelength can all constrain 
the structural and morphological characteristics of the generated NPs [13, 14]. 

The tattoo removal laser of a powerful target submerged in a fluid environment has become an increasingly necessary "top-
down" method for producing nanostructured materials [15, 16]. The elimination of a strong target placed in a fluid medium 
produces NP and Nano rods in this technique. Controlling the size, focus, chemical composition, and practical features of the 
Nano rods are possible by altering the laser settings and the concept of the surrounding fluid media. For this reason, a variety of 
types of the used lasers have been suggested, including femtosecond, picosecond, and nanosecond lasers with different 
wavelengths ranging from the ultraviolet (0.248 µm) to infrared (1.064 µm) [17, 18]. In the last few years, another method for 
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amalgamating gold nanoparticles that rely on laser removal of the mass metal in the fluid has emerged [5, 19, and 20]. Mafune' 
et al. have shown that using the second harmonic of an Nd:YAG laser (0.532 nm) and a surfactant such as sodium dodecyl sulfate 
(SDS), it is also possible to achieve excellent control over the elements of nanoparticles [21]. Cheng et al. [22] studied the 
photocatalytic properties of the hybrid TiO-ZnO nanostructures prepared using the site-specific deposition method of the 
amorphous titanium dioxides on the tips of zinc oxide Nano rods. Comparing the pure oxides (ZnO TiO2) nanoparticles with the 
hybrid TiO2-ZnO nanostructures, the hybrid nanostructures present a higher catalytic activity due to the improved charge transfer 
and separation process caused by the novel Nano hetero structures with the micro interfaces. Misra et al. [23] synthesized the 
core-shell (Au@ZnO) nanoparticle with flower-like structures. The core values of the Au have increased with the activity of the 
ZnO photo catalytic as a result of the enhanced absorption of the light and separation of the charges. Combining a noble metal 
with a single paired semiconductor using an easy and cheap processing method would be a great leap in favor of developing a 
new type of optical and biological sensor. Where in this manuscript, Au-doped zinc oxide Nanocrystals were fabricated by pulsed 
laser ablation method using the main mode length of the laser used for tattoo removal, which is a rather cheap device compared 
to the previously used lasers. 

2. Experimental work 
To extract a pure gold Nano rod, a 2.5 cm diameter circular High purity gold alloy was submerged in 5 ml (also same 

partitions for the Zn Target) of high purity ethanol and shook using the ultrasonic cleaner in the first stage. With continued 
shaking, we irradiate the gold metal using a pulsed Q-switched Nd-YAG tattoo removal laser at 1064 nm, applying energy of 
2000 mJ/pulse and 200 pulses with a 12 cm lens (spot size: 0.8 mm2) to generate the Nano rods as shown in Figure 1, After a 
few seconds, it usually results in a red or purple coloring of the solution, and this is due to the formation of gold Nano rods. The 
same steps were applied for the Zn Target separately (After a few seconds, the solution's gray coloration usually results from the 
formation of zinc oxide Nanocrystals). The generated pure gold Nano road and gold doped ZnO Nanoparticles were tested using 
a UV-via double-beam spectrometer after the production process, X-ray diffraction investigation with a diffract meter system (x' 
pert pro-MRD PW3040) determined the phase structure of the nanoparticles and TEM.  

 
Figure 1: Laser ablation in solution was used to prepare gold colloid samples in an experimental setup 

3. Results and Discussion  
Figure 2 shows the XRD pattern for the produced: gold Nano rods, zinc oxides nanoparticles, and Golden doped ZnO NPs, 

respectively, by using the Pulsed Laser Ablation in Ethanol process with a Pulsed Laser of 1064 nm with 200 pulses. Figure 2 
(a) displays the XRD of 1064 nm, with two distinct peaks at 2=38.13 and 44.22. Each of both peaks corresponded to the (fcc) 
lattice's standard Bragg reflections (111) and (200). Figure 2 (b) displays the XRD of 1064 nm, with five distinct peaks at 
2=32.53, 34, 83, 35.94, 47.73, and 52.32. Each of the five peaks corresponded to the (fcc) lattice's standard Bragg reflections 
(100), (002), (101), (102), and (110), respectively. And finally, Figure (2 c) displays the XRD of 1064 nm, with seven distinct 
peaks at 2=32.53, 34, 83, 35.94, 38.13, 44.22, 47.73, and 52.32. Each of the seven peaks corresponded to the (fcc) lattice's 
standard Bragg reflections (100), (002), (101), (111), (200), (102), and (110), respectively. Therefore, it’s clear that the presented 
peaks represent the gold Nano rods and ZnO NPs, in the same distinct peaks and exact values of Bragg reflections. Still, different 
intensities indicate a precise formation of the so-called nanoparticles (core-shell nanoparticles). This is entirely consistent with 
optical calculations and transmission electron microscopy, Which will be presented and discussed later in the next sections. 
These results exactly match the XRD, presented with previous results of [24-26]. 

To confirm the attachment between the gold nanowires and ZnO nanoparticles on the colloidal, the transmission electron 
microscopy (TEM) test was used. The observed results are shown in Figure 3(a, b, and c) below. Figure 3(a) presents the TEM 
result of the gold nanowires, also, Figure 3(b) presents the TEM result of the ZnO nanoparticles. Finally, Figure 3(c) shows the 
TEM result of the gold nanowires doped with ZnO nanoparticles.  The aggregation of gold nanoparticles associated with ZnO 
has a profound effect on the absorption properties of these systems. The increase in the concentration of gold ions leads to an 
increase in the number of nanoparticles per ZnO molecule. Thus, there is a decrease in the distance between the nanoparticles. 
The TEM analysis shows that the gold particles in the zinc oxide solution are well dispersed with the spherical formation where 
it was clear that the gold core was playing an essential role in stabilizing the growth of nanoparticles in the presence of doping. 
This highlights the study of particles with or without golden nuclei. This stability can be explained by presenting the role of the 
gold core as a nanoparticle to form the zinc-based envelope. Distinctive images where gold particles appeared as small, dark, 
spherical shapes. In TEM images, the particles tend to agglomerate at the wavelength of 1064 nm, as they tend to clump and 
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form larger sizes. It led to the formation of well-separated partials and increased the consistency of ZnO particles; these results 
exactly match the XRD presented results with previous results of [27-29]. 

 

 
Figure 2: XRD analysis of gold nanoparticles and Gold doped ZnO nanoparticles 

 
Figure 3: TEM results of (a) gold Nano rods (b) ZnO Nanoparticles, (c) gold doped ZnO nanoparticles 

Figure 4 presents the transmission spectra of the gold Nano rods, ZnO NPs, and Au doped ZnO, respectively, in the colloidal 
suspension. The transmission values of the ablated Gold Nano rods, ZnO NPs, and Gold doped ZnO are almost identical at the 
start tests because we used the same tube (quartz tube) in the test. All tests give a high transmission value about 89% to 95%, 
but different in the transition response, where the Gold Nano rods start to work at the process region at 471 nm. It is evident at 
the presented curves; also the ZnO NPs begin to work at 231 nm, and it’s clear that the gold doped ZnO has three regions, the 
first one at 220 nm for ZnO NPs, the second one at 320 nm for core-shell nanoparticles of gold as core and ZnO as shell and the 
third one at 466 nm for gold Nano rods. These results exactly match the XRD and TEM presented results and previous results 
of Long et al. [30-32]. 
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Figure 4: Transitions results of (a) gold Nano rods (b) ZnO Nanoparticles, (c) gold doped ZnO nanoparticles 

Figure 5 shows the spectra of the relation between the photon energy and (αhʋ)² for the gold Nano rods, ZnO NPs, and Au 
doped ZnO respectively in the colloidal suspension to estimate the values of the optical energy bandgap for all different colloidal 
suspensions ablated using PLA in ethanol. All presented results give a varying value of optical band gapes related to other Nano 
rods and nanoparticles and doped (core-shell). The Gold Nano rods present a bandgap value of 5.1 eV related to the gold Nano 
rods work region at 471 nm. It is clear at the presented curves. Also, the ZnO NPs present a bandgap value of 2.38 eV related to 
the ZnO NPs work region at 231 nm. Finally, the gold doped ZnO gives two regions: the first one at 3.3 eV related to 320 nm 
for core-shell nanoparticles of gold as core and ZnO as shell, and the second one at 4.2 eV that related to 466 nm for gold Nano 
rods. These results exactly match the XRD and TEM presented results, these results exactly match the XRD, and TEM presented 
results and with previous results of Refs. [33-35]. 

 
Figure 5: Optical band gap results of (a) gold Nano rods (b) ZnO Nanoparticles, (c) gold doped ZnO nanoparticles 

4. Conclusions 
A nanosecond tattoo removal Q-switched Nd:YAG pulsed laser at 1064 nm was used to ablated gold Nano rods, ZnO NPs, 

and Gold doped ZnO NPs in ethanol using the PLA method. The Structural (XRD), morphological (TEM), and Optical (T%, 
and E.g.) properties for the colloidal suspension were estimated and tested. The XRD results present the synthetic results showed 
the appearance of two dominant peaks representing gold Nano rods in the gold assays, and five peaks representing zinc oxide 
nanoparticles, including two prevalent peaks. The TEM results show from the TEM analysis that the gold particles in the zinc 
oxide solution are well dispersed with the spherical formation. Furthermore, it was clear that the gold core played an important 
role in stabilizing the growth of nanoparticles in the presence of doping and all particles' diameters less than 50 nm. Finally, the 
optical results show a high transmission and energy gap of 3.3 eV related to 320 nm for core-shell nanoparticles of gold as core 
and ZnO as shell, and the second one is at 4.2 eV that related to 466 nm for gold Nano rods. 
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