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Silver nanoparticles (AgNPs) were synthesized by one of the most popular
technique of pulsed laser ablation in liquids (PLAL) for photodegradation of methyl
orange dye. To investigate the surface morphology of the nanoparticles, x-ray
diffraction (XRD) and field-emission scanning electron microscopy (FE-SEM) were

used. Their results indicated that silver particles have sizes within nanoscale range.
While UV spectrophotometer was used to examine the optical characteristics at
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regular time intervals (30, 60, 90 and 120 min). The UV results of the prepared
materials showed that the best absorbance has been obtained for the concertation
of 3x10* mol of dye which has been measured to be ~489nm. Results denoted that
the dye degradation efficiency of AgNPs increased as the concentration of Ag
increased in the dye solution to be 81% at the ablated time of Ag that equals to 3

0.19 mins. This work enhances the reduction of environmental pollution through this
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technology that can be environmentally friendly.
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1. Introduction

In the recent years, rapid development has made
nanotechnology research integral to metal
nanoparticles. Generally, nanoparticles have a
diameter of 1-100 nm with unique properties and
they can be described by their massive surface-to-
volume ratios in electronic attributes and quantum
effects [1]. The distinctive properties of nanoparticles
such as high surface area, electrical, magnetic and/or
optical properties, high reactivity, morphological and
considerable porosity turn them into valuable
materials in adsorption, catalysis, sensing and optic-
electronic applications [1,2] as well as bring new
options in  numerous fields: pharmaceutical,
agriculture, text, engineering, etc. [3].
Noble-metal nanomaterials with, among others, a
bottom-up approach with discrete morphologies such
as spheres, cubes, stars and wires; versatility in
synthesis; and low cost demonstrate remarkable
physical/ chemical properties allowing unique
interactions with the ecosystem [4,5]. This is
particularly purely made inorganic nanoparticles
including gold, silver and copper that have distinctive
photothermal and optical characteristics in absorbing
a broad area of visible spectrum in the
electromagnetic radiation. Gold (Au) and silver (Ag)
nanoparticles have magnified the properties of
optoelectronic stability and biocompatibility [6].
Silver nanoparticles (AgNPs) hold good antibacterial
properties making them useful materials in different
fields products for industrial purposes. This includes
biomaterials, therapeutics, catalysis, photocatalysis,
sensing and dye-sensitized solar cells [7].
Based on that, one of the most successful utilization
of (AgNPs) against water/wastewater treatment that
pollutants with organic materials and heavy metals.
AgNPs  works as plasmonic  sensors for
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photocatalysts. This encourages the degradation
(oxidation) of dyes and pesticides, amplifying the
environmental functions [8,9].

Generally, Methyl orange (MO) is utilized as a
coloring agent in many areas. Although, it is a low-
toxic agent, it could have toxic effects and slow
decomposition upon disintegration when discharged
into water bodies leading to some health risks [9,10].
Therefore, Methyl orange (MO) degradation methods
need to be investigated. In order to remove colors,
adsorption has been used due to different benefits
including adaptability and fast action. Accordingly,
sorbents showed well- defined, large and also well
accepted area. In the current work, silver
nanoparticles (AgNPs) have been synthesized by
pulsed laser ablation methods (PLAL) in liquids as
photodegradation catalysts of Methyl orange (MO)
dye and the degradation efficiency of silver
nanoparticles (AgNPs) were studied.

2. Experimental Part

To prepare a solution of methyl orange dye with a
concentration of 3x10%, 5x10* and 7x10* mol, a
0.00376 g of the dye powder was dissolved in a
volume of 10 cm?® of distilled water according to the
relationship:
M.W = (Mpn x C x V)/1000 1)
where Mp, is the weight of the dye (g), C is the
concentration to be prepared (mol), V is the volume
of solvent (cm®), and M.W is the molecular weight of
the dye used (g/mol)
The different concentrations of dye have been
obtained using dilution relationship:
01V1= C2V2 (2)

An immersed pellet of silver has been ablated in 5
ml of distilled water by Nd:YAG laser (1064nm,
80mJ and 5Hz). When the laser pulses strike the silver
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surface, a plume will be generated with a strong
vibration wave that spreads in all directions within the
impact area. This plume emits light and noise,
forming a visible plume of silver particles that are
adsorbed of the surface of the metal and dispersed in
all directions within the liquid. It was noted that the
color of the solution changes as the nanoparticles
concentration increased due to increment of the
number of pulses per minutes (for the chosen
concertation 3x10** mol, the ablated time was applied
for 1, 2, 3 and 4 mins). Figure (1) shows the process
of laser ablation of silver nanomaterial and figure (2)
displays the samples that used for degradation
applications by exposing them to UV source through
(30, 60, 90 and 120 min) using 3x10* mol
concentration of dye with ablated time 1, 2 and 3
minutes of Ag nanoparticles.

Mirror

Nd:YAG laser
Lens Laser beam

=

‘14_/

Liquid

Target

Fig. (1) The pulse laser ablation process

Fig. (2) The samples before and after exposure to UV radiation

3. Results and Discussion

The XRD and FE-SEM tests have been utilized to
determine the size of silver particles. Figure (3)
presents the XRD pattern, which indicates that the
prepared particles are silver nanoparticles and have
polycrystalline of face-centered cubic (FCC)
structure with notable peaks at 20 = 37°, 42.5°, 64°
and 77° belong to (111), (200), (220) and (311) planes
corresponding to (JCPDS File No. 04-0783) [11].

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

Vol. 20, No. 3, July-September 2024, pp. 523-528

The crystallite size (D) of the silver particles has
been calculated using Scherrer's formula, equation (3)
[12].

09.4
= BcosO (3)

The calculated crystallite size (D) of preferred
orientation along (200) plane indicates that the
crystallite size is within the nanoscale and is about
(13.24 nm) which is very close to the value of other
research [11].
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Fig. (3) XRD pattern of silver nanoparticles

FE-SEM images shown in figures (4) and (5)
specify that the range of particles sizes smaller than
50 nm according to the device scale. The images
show a light emitting and semi-spherical shape of
silver nanoparticles. Most metals, including Ag, have
FCC structures and grow from nucleation into
twinned and multiply twinned particles with surfaces
bordered. Ag nanoparticles tend to agglomerate due
to the high surface energy and high surface tension of
the ultrafine nanoparticles, which may account for the
observation of some larger nanoparticles. Catalytic
activity, a crucial feature of the produced Ag NPs, is
enhanced by their small particle size and wide surface
area [13].

Fig. (4) FE-SEM examination of silver nanoparticles with
dimensions of 1um
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Fig. (5) FE-SEM image of silver nanoparticles with dimensions
of 0.5pum

The absorption spectrum as a function of
wavelength for methyl orange without and with the
prepared Ag nanomaterial were measured using a
UV-visible spectrophotometer as shown in figures (6)
and (7), respectively. Figure (6) indicates that the
absorbance spectrum of dye lies in the range of
~489nm) and figure (7) shows the spectrum of Ag
particles lies in the range of ~403nm. The
nanomaterial prepared at different times and with
constant energy showed that the peak of the
absorption spectrum increases with increasing the
time-related to the number of pulses directed at the
target. This increment contributes to increasing the
occurrence of induced defects, and this result is
consistent with previous results of other research
[13,14].

The transmittance curve for all samples shows an
opposite behavior to the absorbance (Fig. 8), as the
curve begins to increase at the wavelength of 350 nm
and then tends to saturate at wavelengths longer than
550nm, as the transmittance increases with increasing
wavelength. These results about transmittance versus
wavelength are similar to research [10]. It is also
noted that the transmittance decreases with increasing
time for the laser pulses directed at the target.
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Fig. (6) The absorbance as a function of wavelength of methyl
orange dye without Ag nanoparticles
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Fig. (7) The absorbance as a function of wavelength of methyl
orange dye with Ag nanoparticles
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Fig. (8) The transmittance as a function of wavelength of
methyl orange dye with Ag nanoparticles

The linear absorption coefficient with wavelength
for both the dye and the silver nanoparticles has been
calculated using the following equation [1]:

a =2303A/d (4)

The absorption coefficients of all concentrations
a>108 cm?, as shown in Fig. (9). This result indicates
a close relationship between increasing absorption
with increasing energy of the incident photon, and
this result was noted by other researchers [10,14,15]
that this is due to the increased probability of
electronic transfer between valence levels to the
conduction band with increasing energy of the
incident photon. The value of the absorption
coefficient is high and increases with increasing
ablated time, as can be seen from Fig. (9), and this
behavior was monitored by other research [10,16].

The extinction coefficient was found from the
relationship [10]:

K=aA/4mn (5)

The extinction coefficient changes as a function
of the wavelength, as shown in Fig. (10). It is clearly
that in the ultraviolet region and at low
concentrations, the extinction coefficient has low
values and increases with increasing Ag nanoparticles
concentration. In the visible region, the extinction
coefficient is the highest possible due to the high
absorption in this region.

PRINTED IN IRAQ 525



IRAQI JOURNAL OF APPLIED PHYSICS

2.2E+07

——a (MO.3*10"-4&nano 1 minute),
——a (MO.3*10"-4&nano 2 minute)
——a (MO.3*10*-4&nano 3 minute)|
——a (MO.3*10*-4&nano 4 minute)|

2.0E+07

1.8E+07

1.6E+07
1.4E+07

I

€ 1.2E+07 ~

Q

S 1.0E+07 4

~ 8.0E+06 1
6.0E+06 -
4.0E+06
2.0E+06 -

0.0E+00

T T T T T T T T T T T T
320 360 400 440 480 520 560 600 640 680 720 760 800
(wavelength nm)

Fig. (9) The absorption coefficient (a) as a function of
wavelength of methyl orange dye with Ag nanoparticles
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Fig. (10) The extinction coefficient as a function of wavelength
of methyl orange dye with Ag nanoparticles

The refractive index has been calculated for the
methyl orange dye and Ag nanomaterial. Figure (11)
shows the refractive index values as a function of
wavelengths within range of 350-500nm. It can be
seen that the refractive index increases in the (UV)
region. It extends to the visible region, as the
concentration of the dye and Ag nanoparticles
increase with increasing the time represented by the
number of pulses, the value of the refractive index
increases as a result of the stacking process that
occurs within the crystalline structure. There is also a
main reason, which is the increase in reflectivity at
the expense of absorbance and optical transmittance.
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Fig. (11) The refractive index as a function of wavelength of
methyl orange dye with Ag nanoparticles
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Figure (12) represents the absorption spectrum of
methyl orange (MO) dye, where the best
concentration of the dye was taken through the
absorption spectrum at a concentration of 3x10* mol
mixed with different concentrations of Ag
nanoparticles for 1, 2 and 3 min ablated time. Figures
(12a), (12b) and (12c) represent the absorption
spectrum of every concentration of Ag nanoparticles
in the MO dye as a catalytic by exposing the samples
to UV source through 30, 60, 90 and 120 min. It was
observed that the absorption of Ag nanoparticles
overlapped with the absorption of the dye at the range
of 490 nm, as shown in the figure. The best
degradation of dye concentration has been achieved
at concentration of Ag nanoparticles of 3 min at 120
min of exposing time due to the adsorption of the dye
by the silver nanomaterial which possesses a very
high mobility.
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Fig. (12) The absorbance and wavelength of methyl orange dye
and silver nanoparticles after irradiation with UV source for
different times
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The heat was generated as a result of the
absorption of UV light and the response of UV light
at different times of Ag nanoparticles due to its
plasmonic response, give an indication that Ag
nanoparticles are good photocatalyst for degradation
applications. This behavior has been observed by
Yingying Sha and his group [17] as well as Sini
Kuriakose and her group [18].

The ratios of AJAo for all sample have been
tabulated in table (1) and drawn versus irradiation
time in Fig. (13). The ratio for all concentrations
specify that the photogradation process of dye by Ag
nanoparticles increases with increasing of Ag
concentration and exposing time to UV light.

Table (1) AdJA, of samples during the irradiation time of
ultraviolet source

Intensity of UV | 1 minute | 2 minute [ 3 minute
Time (min) AdA
0 1 1 1
30 0.642 0.673 0.793
60 0.543 0.595 0.707
90 0.378 0.452 0.502
120 0.081 0.094 0.133

To calculate the degradation efficiency of Ag
nanoparticles (1), the following equation can be used
n=2A,— A Ay X 100% (6)

Ao is the absorbance at T= 0, A; is the absorbance at
T=T
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Fig. (13) The ratios of A/A, of methyl orange dye and silver
nanoparticles as a function of irradiation time

Figure (14) is shown the efficiency values for all
samples. From this figure, it can be noticed that the
efficiency degradation increases up to 81% as the
concentration of Ag nanoparticles increasing and the
exposing time of every concentration to the UV
source increasing.
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Fig. (14) The degradation efficiency of Ag nanoparticles with
different concentrations

4. Conclusions

By studying the effectiveness of the photocatalyst
of methyl orange dye and silver nanomaterial, we
noticed that the catalytic process was very rapid, as
the silver nanomaterial is characterized by strong and
rapid absorption of ultraviolet rays for different
periods, as the increase in the number of nanoparticles
of small dimensions present in its structure, which
makes it capable to break down toxic organic
pollutants, in addition to the occurrence of the surface
plasmon phenomenon, which occurs in noble
elements such as silver, and the adsorption process,
which has a significant impact on the process of
removing organic pollutants and maintaining a clean
environment. Nanoparticles of Ag have been
successfully synthesized by laser ablation in liquids
and used as catalysts. The results obtained show that
the methyl orange dye degradation increases as the
concentration of the nanoparticles increasing. The
results indicate that Ag nanoparticles have the best
degradation efficiency of (MO) dye at 120 mins of
exposing time to UV source, which is about 81% at 3
mins of ablated time, while the degradation efficiency
of 69 % and 75% at 1 and 2 mins of ablated time,
respectively.
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