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®-switched Nd:YAG laser with wavelengths of 1064 nm and 532 nm, with
energy in the range from 200 mdJ to 1000 mdJ, and with 1 Hz repetition
rate is employed to synthesis of Ag nanoparticles (NPs) using pulse laser
ablation in a water. In this synthesis, at first, silver nanocolloid is pre-
pared by ablation target at fundamental wavelength of 1064 nm, and
then, it is followed by ablation of Ag target at second harmonic genera-
tion of 532 nm for different energies to form Ag NPs. Surface plasmon
resonance (SPR), surface morphology and average particle size are charac-
terized by UV-Vis spectrophotometer and transmission electron micro-
scope (TEM). The absorbance spectra of Ag NPs show sharp and single
peaks around 400 nm and 410 nm, respectively. The average diameters of
silver nanoparticles are achieved as 18 nm and 21 nm corresponding to
1064 nm and 532 nm, respectively. As far as the consequences of toxicity
are concerned with, silver nanoparticles with a diameter of 8 nanometers
are shown to Kkill both Escherichia coli (E. coli) and Staphylococcus germs.
These results can be used in biomedical applications.

Jlazep Nd:YAG 3 mMoayasAlilieo JoOPOTHOCTH Ta 3 AOBKHHAMHU XBuUJIb y 1064
HM i 532 HM, 3 eHepriero B mAiamasoHi Big 200 mIx mo 1000 m[Ix i 3i mBu-
IkicTio moBTOpeHHs y 1 I'll BUKOPUCTOBYETHCA IJis CHUHTE3U HAHOYACTUHOK
Ag (HY) za momomoroio imMmyJsabcHOI JasepHoi abaArii y Boxi. ¥ miii cuHTesi
CIIOUATKY HAHOKOJIOIA cpibia oJep:KyIoTh a0JAIiiiHOI0 IIija0 Ha (GyHzaMme-
HTaJIbHIN moB:xuHiI XxBuai y 1064 mM, a moTiM 3a Hew ciaigye abuasiis miai
Ag Ha gpyri#i rapmoHiuHiil renepamnii 532 HM mJsA pisHUX eHeprii 3 yTBO-
peaaam Ag-HY. IloBepxHeBuUii IJIa3MOHHUIN pPe30HAHC, ITOBepxHeBa MOPQO-
Jorig Ta cepemHii pO3Mip YACTMHOK XapaKTEepPU3YIOThCSA CHEeKTPodoTOMeT-
poM y Buammiii i yabTpadioserosiii obsacTaxX cBiTaa Ta TpaHCMiciiHMM
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eJIeKTPOHHUM MiKpockomoMm. CrnexkTpu nmoriauHanusa Ag-HY nmokasyoTs piski
Ta mooamHOKi miku 6sausbko 400 um i 410 um Bigmosigmo. CepenHi miamer-
pu HaHOUYACTUHOK cpibjaa mocAraoTheda AK 18 HM i 21 HM, 1Mo BiATIOBiZatOTH
1064 um i 532 um Bigmosimmo. Illo cTocyeThca HACHIAKIB TOKCHYHOCTH, TO
HAHOYACTHMHKU cpibJyia mismeTpoM y 8 HaHOMeETpiB, SK IIOKasaHo, BOMBAIOTH
K KUIMKOBY nmanuuky (E. coli), Tak i Mmikpobu cradinorkora. IIi pesyabratu
MOKYTh OyTU BUKOPHCTAHI B 6GioMeqUUHNX 3aCTOCYBAHHSAX.
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1. INTRODUCTION

Nanoparticles are the essential materials structure of nanotechnolo-
gy and have many implementations in a variety of fields, such as
biosensors and electronic nanodevices [1, 2]. Mainly nanoparticles of
metals are more attractive this is due to the physical and chemical
properties it possesses, which depend entirely on its size. The crea-
tion of metal nanoparticles in a liquid circumference by laser abla-
tion of solids is an alternative to the well-known chemical process
and is characterized comparatively simple laboratory setup. Laser
ablation creates metal nanoparticles similar to chemical approaches,
although the surface does not contaminate with residual ions de-
rived from reactants [3]. Surface plasmon resonance (SPR) [4] occu-
pies the optical absorption spectrum of mineral nanoparticles as
they pass to longer wavelengths by increasing the scale of these na-
noparticles. However, the echo of noble metallic nanoparticles will
be evident in this region.

The aspect of the reciprocal oscillation of electrons contributes to
the power of the plasmon resonance assigned to them [5]; they are usu-
ally thought to be adaptive to size, shape and environment [6]. There-
fore, by the next UV /Vis absorption, the plasmon resonance would al-
low the transmission of both shape and size clearly by this form of ab-
sorption. Since, the frequency of transfer between these ranges is far
from the surface plasmon resonance energy of Ag, it is also noted that
these silver nanoparticles, in particular, have an advantage over the
majority of other metallic nanoparticles, such as gold and copper. It is
well known that silver nanoparticles have a plasmon resonance; the
wavelength depends on the shape and size of the nanoparticles at 400
nm [7]. Although it is significant to control the allocation of particles
in size, the process of the formation of colloids by laser ablation was
not thoroughly investigated. Therefore, the effects of status of abla-



NANOPARTICLE PREPARATION AND ANTIBACTERIAL-ACTIVITY ANALYSIS 831

tion on ablation effectiveness and particle size have been studied by
several researchers [8, 9]. We focus on the synthesis of silver nanopar-
ticles by laser removal of mineral components in pure water without
any chemical additives. In this work, using @-switched Nd:YAG pulses
at 1064 nm and wavelength of 532 nm, Ag NPs are synthesized in a wa-
ter, and separate laser energy is used to irradiate silver. These nano-
particles may provide open avenues for biomedical applications for the
use of these particles.

2. EXPERIMENTAL SETUP

Figure 1 shows the laboratory experimental scheme of the for-
mation Ag colloids through laser ablation. Deionized and redistilled
at the bottom of an ultrapure water filled glass container, the silver
plate (>99.99%) was mounted. The silver foil was coated with a
film of water that was about three-millimetre thick. Slowly, the
solvent is stirred during the ablation process and the dissolution of
the colloid particles. Preparations were rendered in an open-air
(aerobic) state. The working @-switched Nd:YAG laser system was
used with pulse energy of 200-1000 mdJ/pulse, a pulse output of 10
ns and a repeat rate of 1 Hz. A convex lens with a focal length of
12 cm was used; the laser beams are focused at 2.1 mm (for 532
nm) and 2.4 mm (for 1064 nm) in diameter and by selecting the
centre section of the laser beam to observe the intensity of the un-
focused spot of the laser light. When the laser lamp has a discharge
voltage, the light energy is controlled and tested by an optical pow-
er detector. As an irradiation source, the main (1064 nm) and sec-
ond harmonic (532 nm) outputs of the Nd:YAG laser were used.

3. CHARACTERIZATION OF Ag COLLOIDS

There was 3 ml of the colloid solution after each ablation—
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Fig. 1. The experimental framework for the preparation of Ag colloids us-
ing laser ablation.
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fragmentation. For the UV/Vis optical spectral characterization, a
1 cm wide quartz cell was transferred. The Hitachi U-3410 spectro-
photometer from Japan has been used to record the colloid absorp-
tion spectrum. To take the micrographs of the electron of resulting
nanoparticles, a TEM (JEM-200CX) at 200 kV was used to observe
colloidal particles. Two tubes were used to collect a blood sample of
2 mL: the first tube containing Ag NPs and the second tube con-
taining whole blood. Blood samples were incubated for 1 hour at
37°C. A haematological autoanalyser (Orphee Mythic 22 Hematolog-
ical Analyzer; Diamond Diagnostic, USA) was used to test various
blood parameters, such as red blood cells (RBCS), white blood cells
(WBCS) and hemoglobinine (HB).

4. RESULTS AND DISCUSSION

Figure 2 showing the normal colloidal solution absorption spectra
formed by ablation and targeting Ag in distilled water with focus-
ing laser radiation. The laser light size of spot and energy were 2.1
mm (for 532 nm, 1000 md/pulse) and 2.4 mm (for 1064 nm, 1000
md /pulse), sequentially, and the ablation period was 15 minutes.
Spectrum is characterized by the characteristics of Ag colloidal so-
lutions [10] with a small, symmetrical peak at 401 nm and a large
tail dilating to the range of UV wavelength. The absorption of elec-
tronics bandwidth is approximately 70 nm (FWHM), which is sig-
nificantly lower than the chemically formed colloid [4]. At 400 nm,
the apex and the tail portion are extracted from the particles. Tran-
sition of the excitation of plasmon and interband, sequentially. The
apparent solo peak at 401 nm is attributed to the certainty that na-
noparticles existent in solution are spherical.

The colloidal solution absorption for the energy used was intend-

1811 532 nm, 1064 nm — 532 nm (1000 mJ/pulse)
——1064 nm (1000 mdJ/pulse)

Absorbance, a.u.

Q
200 300 400 500 600 700 800

Wavelength, nm

Fig. 2. UV/Vis absorption spectrum of silver—water colloidal particles by
laser (5632 nm, 1064 nm).
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Fig. 3. (a, b) TEM images of Ag NPs produced by laser ablation with wave-
lengths of 532 nm and 1064 nm, respectively; (c, d) size distribution of Ag
NPs.

ed to analyse the constancy of the formed Ag nanoparticles. As
shown in Figure 3, there is a slight change towards a longer wave-
length in the direction of the surface plasmon peak, with a small
decrease in absorption. Hence, over these energies, silver nanoparti-
cles do not curd and have stability. In comparison, the size and
form of the Ag particles tend to the plasmon band was substantially
influenced [11]; the ablation performance of the 250 nm inter band
absorption absorbance was measured. The variance of the efficacy of
the ablation depends primarily on the laser effect. To approximate
the relationship, experiments of persistent spot size should be car-
ried out between the quality of fluence and ablation efficiency. Ab-
sorption spectrum of silver colloidal solutions primed various values
of laser fluence in Fig. 4 showing that. The scale of the spot was of
2.1 mm (for 532 nm), and the ablation was performed for 15
minutes. As the laser fluence increased, ablation and absorption at
the plasmon resonance peak increase. Minimal average of particles’
size also shows the blue shift change for 200, 400, 600, 800 and
1000 mdJ/pulse.

Figure 5 indicates the absorption spectrum of silver colloids as
silver foil for varying energies for both crystals is ablated by con-
tinuous fluence.
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Fig. 4. Silver-colloid spectral absorption through laser fluence diverse for
532 nm and crystals.
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Fig. 5. Silver colloid absorption spectrum primed at 1064 nm by distinct
laser fluence.

The scale of the spot was 2.4 mm (for 1064 nm), and the ablation
was performed for 15 minutes. Ablation performance and absorb-
ance have been increased and converted to higher energies by in-
creasing the ablation energy from 200 to 1000 md/pulse. This
shows an augmentation in the volume of absorbed crumbs in the
spectral domain of UV/Vis and a small decrease in the average size.
Ablation adequacy and absorption were decreased to 400 nm after
15 minutes of ablation. Follow up of ablation, capability greater
than 1000 mdJ/pulse again leads to an increase in absorption. This
can be clarified by the approach of self-absorption, since many par-
ticles of metal are formed on the pathway of incidental laser beam
light. Thus, blue transition is associated with the disintegration of
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massive particles. Absorption bandwidth of the peaks reduced to 69
nm. Directly, this refers to a cramped dispensation of particles. In
various previous studies [8, 12], the performance of 532 nm of col-
loid formation was higher than that of 1064 nm < 1 J/cm? lasers.

The above subject demonstrates that self-absorption of the light
of laser beam by colloidal particles has a major effect on the effec-
tiveness of ablation. Strength of self-absorption via Ag particles at
532 nm should to greater than at 1064 nm due to plasmon bands
about 401 nm.

Chen and Yeh [13] statement matching enlargement of the plas-
mon bands because of silver particle aggregation. This segment dis-
cusses the improvement of the laser ablation procedure for nanosize
of the silver colloids. These pulses are suppressed by the 1064 nm
laser pulses with energy of 1000 mdJ/pulse in 15 minutes by the col-
loids, which are distinguished by a maximum extinction of SP at
401 nm and a bandwidth of 84 nm as the broad extinction tail ex-
tending to the NIR spectral district. The frittering of the 1064 nm
laser pulse formed a colloid marked through the evanescence narrow
of the SPR (74 nm), while the overall extinction path of the SP
band stayed unchanged. Preparation of 532 nm laser pulses resulted
in moreover becomes narrower of the extinction band, and the ab-
sorption was increased by more than 1064 nm laser pulses in this
case. In general, it can be concluded that only large-scale nanoparti-
cles with comparatively strong extinction in the NIR spectral region
have been impacted through friability of 1064 nm pulses due to the
fact that the wavelength will exceed the absorption range within
the SPR during preparation of 532 nm, that the majority of these
nanoparticles are redistributed and distributed into the colloid. In-
crease in absorption and decrease in bandwidth is less than prepared
by 532 nm for preparation through of subsequent handling with
two wavelengths, but the constancy of the silver colloid formed by
this is greater than that of the other cases, as seen in Fig. 4.

5. APPLICATIONS

The aim of this experiment was to study nanoparticles in choosing
these particles as antibacterial agents or in some other biological
application in terms of the efficiency of these particles by reducing
the sizes of the diameters based on the use of wavelength and with
different energies.

5.1. Ag NPs ANTIMICROBIAL ACTIVITY

The ability to suppress bacterial growth may be assessed thanks to
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Fig. 6. Presence of E. coli Ag NPs treated at applied laser wavelengths of
(a) 532 nm and (b) 1064 nm.

the creation of Ag NPs. Produced samples have been examined for
the presence of E. coli and Staphylococcus aureus (E). Incubation
was taking place for 24 hours on each of the samples. The absence
of bacterial cell growth near Ag NP drops shows that Ag NPs have
antibacterial properties. To test the Ag antibacterial potency, meas-
urements were taken near where it diffuses. Increases in the inhibi-
tion zone breadth have resulted in increased Ag NP activity, which
can be seen in the images of the inhibition zone (Fig. 6).

E. coli was more resistant to Ag NPs than Staphylococcus. A
growing number of microbicidal treatments employ silver nanopar-
ticles’ interactions with biosystems, which are just now becoming
evident. Silver nanoparticles with the same surface area, but differ-
ent active facets will have different effective surfaces. Silver nano-
particles’ capacity to kill germs is linked to their effective surface
areas and size, both of which are critical.

6. CONCLUSION

Laser ablation of pure silver sheets in a liquid may be used to create
silver nanoparticles, if the proper laser characteristics are em-
ployed. A shorter laser wavelength produced silver nanoparticles
with lower concentrations that were smaller. While the longer laser
wavelength may be used to make larger sizes with higher concentra-
tions, low laser energy also leads to larger elliptical-shaped sizes.
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These nanoparticles have antibacterial action against microorgan-
isms including Escherichia coli and Staphylococcus aureus. Silver
nanoparticles may be synthesized successfully using only an
Nd:YAG laser. Using 355 nm laser settings, researchers were able
to synthesize 10 nm size nanoparticles with high energy density and
high density per square centimetre of 25 J/cm?. Laser ablation par-
ticle size may be changed by changing the number of laser pulses. If
the laser is changed from 1064 to 355 nm, the particle size of col-
loids generated by laser ablation may be controlled that we ob-
served. This technique may be used to make the appropriate size
colloids in solutions using a solution. As the laser wavelength is re-
duced, the mean particle size decreases from 27 to 8 nm, as seen by
TEM.
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