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Gold nanoparticles recently gaining vast attention owing to their wide range of applications in optical, 

catalytic, mechanical, and electronic fields. Due to the simplicity approach of generating nanoparticles and 

free of contamination, laser ablation in liquids is extensive used to yield varied types of nanoparticle struc-

tures, including quantum dot, quantum wire, carbon nanotube and core shell nanoparticles. Herein, we re-

port the morphology properties of a gold (Au) nanoparticles prepared by laser ablation in a liquid at different 

pulse duration (i.e., 300, 30, and 3 ns). The Au nanostructures were then deposited on the PSi layer, prepared 

by electrochemical etching technique. The samples were characterized by means of SEM, EDS, AFM, and 

XRD procedures. Results confirmed the formation of the FCC Au nanoparticles structures in nano-scale with 

pseudo-spherical shapes. The reduction of the pulse width of the ablated laser revealed major effects on the 

AuNPs, where the average size of them significantly decreases and the homogeneity of the nanoparticles 

increases as well as an improvement in the samples roughness was recorded. Thus, controlling the pulse 

width duration can produce specific morphology properties AuNPs for particular applications. 
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1. INTRODUCTION 
 

Owing to exclusive chemical, optical and electrical 

properties, gold (Au) nanoparticles have been received 

massive attention in both preparation and application 

fields [1-4]. In fact, by controlling the size, shape and the 

internal structure of the nanoparticle materials, it is 

possible to manipulate the optical, electrical and 

mechanical characteristics of these materials, hence, new 

applications can be emerged [5-8]. This can be achieved in 

pulsed laser ablation in liquid technique (PLAL) by carful 

optimized the operation parameter of the laser source, 

geometric setup of the experiment and the environment 

of the target [9-14]. Solid state lasers produce low power 

such as quantum wells and quantum dots semiconductor 

are usually used for photonic integrated circuits [15-17]. 

Whereas high power solid state laser such as Nd: YAG 

and Ti: sapphire lasers, beside the traditional uses in 

industry, they recently have been widely used in PLAL. 

This is due to their ability to generated high optical peak 

power with ultrashort pulse duration in nanosecond and 

picosecond scales [18, 10, 19]. PLAL technique has been 

wildly utilized for creating nanostructure materials, due 

to not only the simplicity of the experimental work, but 

also the surface free contamination product in comparison 

with the conventional techniques of growing and 

fabrication of nanostructures such as thermal oxidation, 

hydrothermal synthesis, MOVPE, MPE,CBD etc. [20-24]. 

Therefore, laser ablation in a liquid has recently moved 
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into the spotlight of research for nanoparticles 

generating. Most of the these researches are focusing on 

adjusting the size, shape and distribution of the 

nanoparticles (NPs), by manipulating laser factors and 

liquid type. For example, the role of a liquid media on the 

manufacture of MgONPs by nanosecond laser has been 

reported recently in [25] they found that the smaller 

particles can be obtained in ethanol and propanol instead 

of the distilled water. Ablation laser fluence role on the 

morphology of CuO nanostructure was reported in [26], a 

red shift in energy bandgap was observed when the 

ablation period and fluence are increased. Further study 

involving the influence of ablated laser wavelength 

influence on gold nanoparticle properties was 

documented in [27]. It is reported that laser energy can 

affect the size of the nanoparticle and their distribution 

[28]. The polarization roles on formation of AgNPs 

prepared by pulsed laser was documented in [29-31]. 

Furthermore, it is found that the pulse duration of the 

ablated laser could strongly affect the sizes of the AlNPs 

[32]. Nevertheless, there are rarely focused studies on the 

influence of the pulse width of the ablated laser on the 

morphological map of gold generated nanoparticles. Here 

we report the morphology properties of the AuNPs 

prepared by laser ablation in a liquid at different pulse 

duration (i.e., 300, 30, and 3 ns). The Au nanostructures 

have been placed on the PSi prepared by electrochemical 

etching technique to increase the alignment of the 

AuNPs. 
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2. EXPERIMENTAL DETAILS 
 

To synthesize gold nanoparticles (AuNPs) from a 

bulk gold purity of 99.99 %, Q-switched Nd:YAG solid 

state laser emitting at a second-harmonic generation of 

532 nm was utilized to irradiate the bulk gold for 10 min. 

The gold plate was immersed in a deionized water  

(15 ml) on a rotated motor for stirring effect as it shown 

in Figure 1. The laser produces average pulse energy of 

20 mJ at a repetition rate of 10 kHz with 4.5 mm spot 

size and TEM00 profile mode. The pulse duration of the 

laser was varied in this work (300 ns, 30 ns and 3 ns) to 

study the influence of the pulse width on the generated 

AuNPs. A 15 cm focal-length convex-lens was used to 

foci the laser beams on the gold plate. 
 

 
 

Fig. 1 – Setup of laser ablation in liquid 
 

On the other hand, a p-type porous silicon (PSi) were 

papered in this work using electrochemical etching 

technique [33-37] as it shows in Figure 2. The prepared 

porous silicon is used as a substrate for depositing the 

generated Au nanostructures (AuNPs). 
 

 
 

Fig. 2 – Electrochemical etching method 
 

Figure 3a represents the cross-section SEM image 

for the PSi prepared in this work, the PSi reveals pores 

structure shape with different sizes (the dimeters of the 

pores are in the average of 55 nm with estimated maxi-

mum lengths of 4.5 m). These pores are formed due to 

the dissolution during the electrochemical process. 

Figure 3b shows the cross-section SEM image for AuNPs 

generated at 300 ns pulsed duration deposited on the 

PSi substrate. It can be seen that the Au nanoparticles 

fill the pore of the PSi substrate.  

 

 

 

Fig. 3 – Cross-section SEM for porous silicon (a) and for Au 

nanoparticles prepared at 300 ns on PSi (b) 

 

3. RESULTS AND DISCUSSION 
 

The top-view scan electron microscopy SEM images 

and the equivalent energy-dispersive X-ray spectroscopy 

EDS measurements of the Au nanoparticles on PSi 

prepared by PLAL at different pulse durations (300, 30, 

and 3 ns) for 10 min of irradiation are presented in 

Figure 4. The SEM images reveal a pseudo-spherical 

morphology of the AuNPs of less than 50 nm diameters 

gathering as cultures due to the pores of the Si-substrate 

which aligns the metal nanostructures [38-40]. 

Furthermore, SEM images show a major impact on the 

shape and the size of the AuNPs when the pulse 

duration of the ablated laser is reduced. The mean 

diameter of the AuNPs significantly decreases when the 

pulse duration in reduced, and density of top-view grain 

sizes of AuNPs changes with pulse duration. For more 

understanding the effect of the pulse width of the laser 

on the size of the formed nanoparticles. It is worth 

noting the when the pulse hits the target during the 

ablation process bubbles of a plasma are created, if the 

pulse time is less than the target thermal diffusion time 

a quick and small plasma bulb would be created [41]. 

Therefore, when the pulse width went down from 300 ns 

to 3 ns, the time of the ablation becomes smaller than 

the time of the thermal diffusion of the Au, and hence 

smaller AuNPs are formed in shorted pulse duration. On 

the other hand, to reveal surface chemical configuration 

of the samples surface, EDS measurements were 

conducted as is illustrated in Figure 4. It can be seen 

that EDS results confirm the presents of the Au on the 

spectra peak of the samples. The first largest peak in 

EDS spectra is for Si due to the PSi substrate of the 

nanoparticles, and oxygen-peaks were recorded in the 

EDS spectra which are owing to inevitable 
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contamination, whereas, for C, F, Ca, and Na were 

presented due to aggregation and formation of gold 

nanoparticles during preparation process [42]. The 

chemical configuration recorded from EDS analyses 

with their atomic weight percentage of the samples at 

different pulse duration (300, 30, and 3 ns) are labeled 

in Table 1. The findings indicate that the percentage of 

the AuNPs element increases with decreasing pulse 

duration of the lasers. This attributed to the highly 

aggregated of AuNPs are inside the PSi, where the 

shortest pulse duration   3 ns creates smaller AuNPs as 

conformed by the SEM images. Precise work to control 

the size of self-assembled AuNPs has been reported in 

[43] through controlling the deposition level and the 

temperature of annealing. Here, we modified the AuNPs 

configurations generated by PLAL through only 

optimizing the pulse duration of the ablated laser.  

 

 

 

Fig. 4 – SEM with EDX measurements of AuNPs/PSi samples at different pulse durations: (a) 300, (b) 30, and (c) 3 ns 
 

Table 1 – The elemental composition extracted from EDS 

measurements of the samples at different pulse durations:  300, 

30, and 3 ns 
 

Element Line type 
Atom % 

300 ns 

Atom % 

30 ns 

Atom % 

3 ns 

O K-Series 21.59 28.40 19.89 

F K-Series 0.92 1.47 1.52 

Si K-Series 68.14 59.11 57.53 

C M-Series 4.40 3.99 6.57 
Au K-Series 4.41 6.00 13.01 

Na K-Series 0.20 0.37 0.45 

Ca K-Series 0.34 0.66 1.04 

Total %  100 100 100 
 

Microscopic imaging of Au nanoparticles on PSi 

samples was implemented using atomic force 

microscopy AFM tool. Figure 5 shows the Au 

nanoparticles on PSi prepared by PLAL at different 

pulse durations (300, 30 and 3 ns) for 10 min of 

irradiation. The AFM images confirm the presents of Au 

nanoparticles with the average dimeters around 30 nm. 

The pulse duration shows a substantial effect on the size 

and the roughness of the samples. The AFM images are 

in agreement with the SEM images, where both showed 

a reduction of the Au nanoparticles sizes with reducing 

laser pulse duration. Moreover, the AFM results show 

that the distribution of Au nanoparticles on a PSi wafer 

becomes more homogenous when the pulse duration of 

the laser gets shorter. Furthermore, Figure 5c reveals 

the mappings of the elements silicon, gold, carbon, and 

oxygen, respectively, which are in agreement with the 

EDX measurements presented in Figure 4. Additionally, 

the size of the Au nanoparticles was in agreement with 

SEM, and it is more possible to notice the shape of the 

structures clearly usually the AFM images reveal the 

shape of the nanoparticles more clearly than the TEM 

ones [44]. The root mean square roughness (Rrms) of the 

a 

b 
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samples was estimated from the AFM images by means 

of J program and found to be 3.874, 3.7893, and 3.343 

nm for the pulse duration, 300, 30, and 3 ns respectively. 

It can be seen that the roughness of the sample is 

improved when the pulse duration is reduced. Those 

results show that the characterizations of the Au 

nanoparticles can be significantly developed by 

controlling the pulse duration of the lasers during the 

ablation process of the gold target. 
 

 
 

Fig. 5 – AFM measurements of AuNPs/PSi samples at different 

pulse durations: (a) 300, (b) 30, and (c) 3 ns and (d) is the 

mappings of the elements 
 

In order to study the crystallinity of synthesized Au 

nanoparticles on PSi samples, X-ray diffraction XRD 

measurement was utilized. The corresponding XRD 

patterns of the AuNPs on PSi prepared by PLAL at 

different pulse durations (300, 30, and 3 ns) for 10 min 

of irradiation are shown in Figure 6. The gold 

nanoparticles exhibited two distinctive peaks, the first 

one at 2θ ≈ 31.5 and 50.2 match the Bragg reflections 

(100) and (220) of face center cubic (FCC) lattice, 

respectively. Figure 6 shows that the XRD patterns 

affect by laser pulse duration and the patterns showed 

more crystallized for the AuNPs samples prepared at 3 

ns pulse duration. Moreover, the peak of Si wafer 

appears more clearly at 3 nm pulse duration at 2θ ≈ 65.3 

matching (100) Bragg reflection orientation. To estimate 

the Au average grain size of the AuNPs/PSi at different 

pulse durations, Debye-Scherer equation [45] was used, 

which is given as: 
 

 
k

D
Bcos




  (1) 

 

Here, D represents the typical size of AuNPs, K is the 

Debye Scherer's coefficient (0.94),  is the photon 

wavelength of the X-ray source (0.154 nm), B is the 

FWHM of peak and  is the Bragg angle of the peak in 

XRD pattern. The Au average grain size of the 

AuNPs/PSi at different pulse duration derived from the 

XRD patterns data are labeled in Table 2.  

The result in Table 2 shows that the estimated size 

of the AuNPs for both observed peaks, (100) and (220) 

reduces when the pulse duration of Nd:YAG is reduced. 

 
 

Fig. 6 – XRD patterns of AuNPs/PSi samples at different pulse 

durations: (a) 300, (b) 30 and (c) 3 ns 
 

Table 2 – Average size of the AuNPs measured Debye-Scherer 

equation 
 

Pulse Duration 

(ns) 

AuNPs 

Orientation 
Size D (nm) 

300 (100) 22.8 

(220) 19.14 

30 (100) 19.08 

(220) 17.14 

3 (100) 14.6 

(220) 11.76 
 

The results of XRD are reliable with the results of SEM 

and AFM, where the shorter pulse duration decreases 

the size of the AuNPs and increases the homogeneity of 

the structures. Recent work reported the effect of 

reducing pulse width of the laser on the structure of the 

generated aluminum nanoparticles showed to be 

essential for morphological properties of the 

nanostructures [28]. Furthermore, a significant 

decrease in the average diameter of AgNPs when the 

pulse width of the ablated laser is reduced was 

presented in [43]. These results agree with our results 

in this work for AuNPs. 

 

CONCLUSIONS 
 

Gold nanoparticles were manufactured by laser 

ablation technique in deionized water at different pulse 

widths laser 300, 30 and 3 ns. The AuNPs were 

deposited on porous silicon wafer prepared by 

electrochemical etching method. The AuNPs/PSi were 

tested to reveal their morphological properties by SEM, 

EDX, AFM and XRD spectroscopy. Reducing of the pulse 

duration of the ablated laser showed major effect on the 

properties of the Au prepared nanostructures. SEM and 

EDX results confirm the presents of the AuNPs with a 

pseudo-spherical shape of the of less than 50 nm size and 

their size reduced with reducing pulse width. AFM 

images exhibited a decrease in the Au nanoparticles size 

and an improvement in the samples roughness when 

pulse width is reduced. X-ray diffraction XRD patterns 

revealed FCC structure of the Au nanoparticles. 

Additionally, by applying Scherer method to XRD profile 

Au nanoparticle average sizes were estimated at 

different pulse duration. The shortest pulse duration 

could reduce the plasma bubbles size during the ablation 
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process when the pulse width becomes shorter than gold 

thermal diffusion time, so the size of the gold 

nanoparticles is reduced. These results indicated the 

possibility of precisely controlling the AuNPs 

morphological properties by modifying the pulse 

duration of the laser during the ablation process. This 

could open the possibility of generating AuNPs with 

specific morphological properties for particular required 

applications. 
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Вплив тривалості імпульсу лазерної абляції на морфологічні властивості наночастинок 

золота, нанесених на пористий кремній 
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Наночастинки золота останнім часом привертають велику увагу завдяки широкому спектру застосу-

вання в оптичній, каталітичній, механічній та електронній галузях. Завдяки простоті підходу до ство-

рення наночастинок та відсутності забруднення, лазерна абляція в рідинах широко використовується 

для отримання різноманітних типів структур наночастинок, включаючи квантові точки, квантові 

дроти, вуглецеві нанотрубки та наночастинки з серцевиною-оболонкою. У цій статті ми повідомляємо 
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02012-6 

про морфологічні властивості наночастинок золота (Au), отриманих лазерною абляцією в рідині з 

різною тривалістю імпульсу (тобто 300, 30 та 3 нс). Потім наноструктури Au були нанесені на шар PSi, 

отриманий методом електрохімічного травлення. Зразки були охарактеризовані за допомогою SEM, 

EDS, AFM та XRD. Результати підтвердили формування структур наночастинок Au з ГЦК у наномас-

штабі з псевдосферичними формами. Зменшення тривалості імпульсу абляційного лазера виявило 

значний вплив на AuNPs, де їх середній розмір значно зменшується, а однорідність наночастинок збіль-

шується, а також було зафіксовано покращення шорсткості зразків. Таким чином, контроль тривалості 

імпульсу може забезпечити специфічні морфологічні властивості AuNPs для практичних застосувань. 
 

Ключові слова: Наночастинки золота, Ширина лазерного імпульсу, Морфологія, SEM, EDS, XRD. 


