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In this work, colloidal silver nanoparticles (Ag NPs) are prepared using 
the pulsed-laser ablation in liquid (PLAL) technique. The study is focused 
on clarifying the effect of the number of laser pulses used on the optical 
properties of nanoparticles of high-purity silver targets immersed into 5 
mL of deionized distilled water. The laser used is a Nd:YAG Q-switched 
laser with a fixed energy of 260 mJ, a wavelength of 532 nm, a pulse du-
ration of 10 ns, and a frequency of 1 Hz. 100, 200, and 300 pulses are 
used to prepare the nanoparticles. The prepared particles are then irradi-
ated with energy of 260 mJ and a set of 300 pulses of ultraviolet UVC 
rays with time intervals of 1–5-hour increments of one hour each time. 
The effect of UV-irradiation times on colloidal nanoparticles is studied 
through optical absorption and optical energy-gap analysis. The behaviour 
of the UV and visible absorption spectra of silver nanoparticles is also 
studied as functions of wavelength and number of pulses. These results 
show that the intensity of absorbance increases with an increase in the 
number of pulses, and this indicates an increase in the concentration of 
nanoparticles. As also noted, Ag NPs have a single sharp absorption peak 
between 404–407 nm for an energy of 260 mJ. Through the absorption 
spectrum, the optical energy gap is also calculated for Ag NPs; the calcu-
lations show an increase in the power value with increasing number of 
laser pulses. Optical constants are also calculated, and it is observed that 
their values increased with increasing number of laser pulses. On the oth-
er hand, the results of the UV–Vis absorption spectrum show a decrease 
in the absorption peaks as functions of the time of ultraviolet irradiation. 

У цій роботі колоїдні наночастинки срібла (Ag НЧ) було одержано за 
допомогою методу імпульсної лазерної абляції в рідині (PLAL). Дослі-
дження зосереджено на з’ясуванні впливу кількости використаних ла-
зерних імпульсів на оптичні властивості наночастинок високочистих 
срібних мішеней, занурених у 5 мл дейонізованої дистильованої води. 
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Використаний лазер — це Nd:YAG-лазер з модуляцією добротности з 
фіксованою енергією у 260 мДж, довжиною хвилі у 532 нм, тривалістю 
імпульсу у 10 нс та частотою в 1 Гц. Для одержання вищезгаданих на-
ночастинок використовувалося 100, 200 та 300 імпульсів. Потім підго-
товлені частинки опромінювали з енергією у 260 мДж і кількістю по 
300 імпульсів ультрафіолетових UVC-променів (із довжинами хвилі у 
100–280 нм або 200–280 нм) з часовими інтервалами у 1–5 годин ін-
крементів упродовж однієї години кожного разу. Вплив часу УФ-
опромінення на колоїдні наночастинки вивчали за допомогою аналізи 
оптичного вбирання й оптичної забороненої енергетичної зони. Також 
вивчали поведінку УФ- і видимих спектрів вбирання наночастинок срі-
бла як функції довжини хвилі та кількости імпульсів. Ці результати 
показали, що інтенсивність вбирання зростає зі збільшенням кількости 
імпульсів, і це вказує на збільшення концентрації наночастинок. Та-
кож було зазначено, що Ag НЧ мають єдиний різкий пік вбирання між 
404–407 нм для енергії у 260 мДж. За допомогою спектру вбирання 
також було розраховано оптичну заборонену зону для Ag НЧ; розраху-
нки показали збільшення значення потужности зі збільшенням кілько-
сти лазерних імпульсів. Також було розраховано оптичні константи і 
було спостережено, що їхні значення збільшуються зі збільшенням кі-
лькости лазерних імпульсів. З іншого боку, результати стосовно спект-
ру вбирання UV–Vis показали зменшення піків вбирання як функцій 
часу ультрафіолетового опромінення. 

Key words: Ag nanoparticles, optical properties, laser ablation, UVC irra-
diation. 
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1. INTRODUCTION 

Materials, which are described as nanomaterials, are those that typ-
ically have at least one dimension of less than 100 nm [1]. Their 
size and form have a significant influence on their unique physico-
chemical features. 
 The reason for the revolution in nanomaterials’ manufacturing 
processes and their widespread use in various scientific and techno-
logical fields is their novel features, which set them apart from the 
corresponding bulk material [2]. 
 Through material manipulation at the nanoscale, materials can be 
made to have extremely precise surface areas as well as better me-
chanical, optical, magnetic, and other capabilities. This has led to 
the emergence of several exciting new research directions [3]. 
 In most industrial areas, the process of assembling nanostruc-
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tures using various techniques known as nanofabrication has be-
come quite popular [4]. 
 Nanostructures can be created using a variety of strategies and 
processes. The two main categories of methods for nanofabrication 
are ‘top down’ methods, which involve reducing the starting mate-
rial to the desired sizes through physical or chemical methods like 
electron or ion beam, milling, laser ablation, and reactive ion etch-
ing, and ‘bottom-up’ methods, which involve assembling individual 
atoms or molecules to obtain the final nanostructure. Examples of 
this strategy include chemical and physical vapour deposition (CVD 
and PVD), epitaxial growth, self-assembly, etc. [5, 6]. 
 Laser ablation is one of the many nanofabrication processes avail-
able. It is an environmentally benign method of synthesizing nano-
materials with several exceptional features, including high produc-
tion efficiency, low cost, good stability, and consistent processing 
quality [7]. Numerous nanomaterials and nanostructures with en-
hanced chemical, optical, magnetic, and electrical capabilities have 
been created using this method. 
 Chemical vapour deposition (LCVD), pulsed laser deposition 
(PLD), laser ablation, laser vaporization, and other laser-based pro-
cesses are being utilized to create nanoscale materials with precise 
dimensions, forms, and characteristics [8]. Laser synthesis and pro-
cessing of colloids (LSPC) is another scalable and adaptable laser-
based method for processing nanomaterials that has a significant 
impact on nanotechnology. This method can be divided into three 
categories: laser ablation in liquids (LAL), which creates colloidal 
nanoparticles by continuously scanning a bulk target in liquid; laser 
fragmentation in liquids (LFL), which uses lasers to fracture colloi-
dal nanoparticles’ or microparticles’ suspensions; and laser melting 
in liquids (LML), which uses the laser beam to melt primary nano-
particles into larger ones [9]. 
 In this work, a pulsed laser was used to synthesis silver nanopar-
ticles (Ag NPs) immersed in water to study it optical and physical 
properties and the extent of their effect on irradiation. Ag NPs 
have drawn attention due to their optical, electrical, and magnetic 
capabilities [10–14]. Ag NPs display novel optical characteristics 
not found in bulk metals or molecules. 
 The existence of an absorption band in the visible-light spectrum 
is one such. The appearance of this band is caused by conduction-
electron surface plasmons’ oscillation modes, which are connected to 
external electromagnetic fields through the surface [15]. Ag NPs 
are perfect for molecular labelling because of their surface-plasmon 
resonance and wide effective scattering cross section, which allow 
for the observation of phenomena like surface-enhanced Raman 
scattering take advantage of Ref. [16]. 
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2. EXPERIMENTAL METHODS 

2.1. Synthesis Methods of Silver Nanoparticles 

A high-purity silver disk of 21 mm in diameter and 2 mm thick was 
used. The sample was cleaned and impurities were removed by 
washing it with distilled water after immersing it in liquid ethanol 
for 10 min. The target was placed in a beaker glass containing 5 ml 
of distilled water (DW). The distilled water was approximately 4 
mm above the target surface. The beaker was rotated by using an 
electric motor around. Figure 1 depicts the PLAL-process experi-
ment setup. Nanosecond laser pulses were used to ablate an Ag tar-
get, resulting in slimy Ag NPs in deionized water. A Q-switched 
Nd:YAG laser beam (of 532 nm wavelength with pulse duration of 
10 ns, and repetition rate of 1 Hz) with ablation energy constant of 
260 mJ and different pulses’ number (100, 200, and 300 pulses). 

 

Fig. 1. Schematics of PLAL set up for the synthesis of Ag NPs in liquid. 

 

Fig. 2. UVC-irradiation diagram. 
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2.2. UVC Irradiation of Ag NPs 

Ag NPs samples were exposed with 300 pulses of 260 mJ to a 
25410 nm wavelength of ultraviolet (UVC) radiation in order to 
characterize the synthesized Ag nanoparticles. The UVC-irradiation 
system is comprised of 1 m long and 20 cm diameter tube. As de-
picted in Fig. 2, the tube contains a lamp in the centre and is cov-
ered tightly at its base. The samples are irradiated in a darkroom at 
intervals of 1–5 hour in steps of 1 hour. Optical absorption meas-
urements were performed immediately to study the effect of UVC 
irradiation on Ag NPs. 

3. RESULTS AND DISCUSSIONS 

3.1. Ag Nanocolloid Characterization 

The optical absorption spectra of colloidal Ag NPs were measured 
immediately after ablation using a Shimadzu UV-1800 double-beam 
UV–Vis spectrophotometer with a scanning range of 190–1100 nm. 
The quantity of absorption in colloidal solutions created with 260-
mJ pulse-laser energy is dependent on the number of laser pulses. A 
phenomenon known as ‘plasmon absorption’ caused the colour of the 
colloidal silver nanoparticles to change to a Pale yellow. 
 The increase in absorption with an increasing number of laser 
pulses indicates an increase in Ag NPs’ concentration. The surface-
plasmon resonance peak increases, indicating the presence of na-
noscale Ag particles, as shown in Fig. 3. 
 The absorption coefficient () was calculated from the absorbance 
spectrum, and we notice from the results we obtained (Fig. 4) that, 
when the number of pulses increases, the peak of the absorption co-
efficient spectra increases as a function of the wavelength in the 
visible region of the silver nanoparticles, as it was observed that 
the edge of the absorption coefficient of these particles increases 
from 2.28104 cm

1 to 8.27104 cm
1 (this is due to the increase in 

nanoparticles’ concentration with increasing number of pulses). 
 The transmission (T) and reflection (R) spectra are related to the 
absorption coefficient (), according to Beer’s law [17, 18]: 
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where d is the thickness of the sample. 
 This work also studied some of the optical constants of silver na-
noparticles and demonstrated the effect of the number of pulses on 
their values. 
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 We start with the refractive index (n), which was calculated 
through Eq. (2) [17, 18]: 

 2

2

1 4

1 (1 )

R R
n K

R R


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 
. (2) 

As observed in Fig. 5, the value of the refractive index increases 
with the increase in the number of pulses and reaches its highest 
value in the visible region of the spectrum. The amount of increase 
from 1.94 to 2.61 was at the lowest and highest number of pulses. 
This increase is due to an increase in the concentration of nanopar-
ticles with an increase in the number of ablation pulses. 
 Reflectivity is calculated from absorption and transmission spec-
tra using the law of conservation of energy (R1TA). 
 The reflection-coefficient values were also estimated as a function 
of wavelength; as shown in Fig. 5, b, its value increases from 0.103 

 

Fig. 3. The absorption spectra of Ag NPs in distilled water for 100, 200, 
and 300 laser pulses with energy of 260 mJ. 

 

Fig. 4. Absorption coefficient of Ag NPs as a function of wavelength for 
100, 200, and 300 pulses at energy of 260 mJ. 
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to 0.20 with an increase in the number of pulses. The reason for 
this may be due to the increase in the nanoparticles’ concentration. 
 The real and imaginary electrical dielectric constants (r) and (i) 
were calculated using Eqs. (3) and (4), respectively [18]: 

 
2 2

r
n K   , (3) 

 2i nK  . (4) 

 Figure 6, a and b show a difference in their values as functions 
of wavelength; as it was observed, there is an increase in their val-
ues with an increase in the number of pulses in the visible region of 
the spectrum (this is due to the increased concentration of nanopar-
ticles). 
 Figure 7, a shows the change in the extinction coefficient (K) as 

  
a      b 

Fig. 5. (a) Refractive index (n) and (b) reflection coefficient (R) as func-
tions of wavelength for 100, 200, and 300 pulses at energy of 260 mJ. 

  
a      b 

Fig. 6. (a) Real dielectric constant (r) and (b) imaginary dielectric constant 
(i) as functions of wavelength for 100, 200, and 300 pulses at energy of 
260 mJ. 
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a function of the wavelength for the silver nanoparticles, which was 
calculated using Eq. (5) [18]: 

 
4

K





. (5) 

 An increase in the peak values of the extinction coefficient in the 
visible region of the spectrum was observed with an increase in the 
number of pulses, as the peak values of the extinction coefficient 
range between 0.07–0.27 (and this is due to the reason that this in-
crease leads to an increase in the laser ablation rate with an in-
crease in the number of pulses). 
 Optical conductivity values () as a function of wavelength were 
also calculated through Eq. (6) [19]: 

 
4

nc
 


, (6) 

where c is the speed of light in a vacuum. 
 As shown in Fig. 7, b, the value of optical conductivity increases 
with the increase in the number of pulses. This increase may be at-
tributed to the creation of new levels within the band gap that fa-
cilitates the crossing of electrons from the valence band to these 
levels and, then, to the conduction band [20]. 
 The optical energy gap (

.opt

gE ) of Ag NPs was estimated from ul-
traviolet-spectroscopy data with using the Tauc’s Eq. (7) [21]: 

  1/ .
( )

i opt

g
h k h E     , (7) 

where h is the energy of the incident photons, i takes values of 1/2 
or 3/2 for direct transitions, whereas for indirect transitions, it 

  
a      b 

Fig. 7. (a) Extinction coefficient (K) and (b) optical conductivity (opt.) as 
functions of wavelength for 100, 200, and 300 pulses at energy of 260 mJ. 
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takes 2 or 3, depending on whether they are allowed or forbidden, 
respectively. (k is a constant of effective mass.) 
 Figure 8 shows a slight increase in the value of the energy gap 
with an increase in the number of pulses. Figure 9 also shows the 
increase in energy gap with increasing number of pulses. From this, 

   
a      b 

 
c 

Fig. 8. Optical band gap values for Ag NPs for different numbers of puls-
es: (a) 100, (b) 200, (c) 300. 

 

Fig. 9. Energy gap as a function of a number of pulses. 
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we conclude that there is a decrease in the size of the extracted na-
noparticles. 

3.2. Effect of UVC Irradiation on the Optical Properties of Ag NPs 

The samples were exposed to UVC irradiation for varying durations. 
We notice in Fig. 10 that the absorbance decreases with increasing 
irradiation time, and this may be due to the increased dispersion of 
nanoparticles. 
 It was also observed in Fig. 11 that the optical energy gap de-
creases slightly with increasing time irradiation. This may be due to 
some electrons gaining energy with increasing irradiation time, ca-
pable of being transferred from the valence band, and, thus, form-
ing a new band above it that leads to a decrease in the energy gap. 
 Figure 12 also shows the decrease in energy gap with increasing 
irradiation time. 

4. CONCLUSIONS 

Through this work, the possibility of producing colloidal silver na-
noparticles is investigated using the pulsed laser ablation (PLAL) 
technique. The results demonstrate that Ag NPs can be obtained 
using an Nd:YAG laser with a wavelength of 532 nm and for dif-
ferent numbers of pulses. The colour change of the solution and the 
analysis of the absorption spectrum are preliminary evidence of the 
formation of the nanomaterial. 
 The energy gap is also calculated, and it is found that it increases 
with an increase in the number of pulses. 
 The effect of irradiation on the optical properties of the fabricat-
ed nanoparticles is also studied, and it is found that, in general, the 

 

Fig. 10. Absorption spectrum as a function of wavelength after UV irradi-
ation for Ag NPs prepared with 300 pulses at energy of 260 mJ. 
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absorption spectrum decreases with increasing irradiation time. 
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Fig. 11. Optical energy-gap spectrum of Ag NPs for different UV-
irradiation times prepared with 300 pulses at energy of 260 mJ. 
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