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Sensor properties of plasmonic silver and gold
nanoparticles produced by pulsed laser deposition
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In this study, 20-100 nm Au and Ag noble metal nanoparticles were produced using the Pulse Laser Deposition technique,
and very sensitive optical properties of nanoparticles were investigated using the LSPR technique. The morphology of the
produced nanoparticles was determined and characterized using scanning electron microscopy (SEM). The chemical bond
structure of the Biotin molecule was investigated by Fourier Transform Infrared Spectroscopy (FTIR). In addition, the UV-Vis
spectroscopy technique was used to determine LSPR absorption peaks of nanoparticles. Au and Ag Nanoparticles were
deposited on the glass substrate depending on the laser deposition times. As the laser deposition time of the produced
nanoparticles increased, both the size of the formed nanoparticles and the number of nanoparticles per unit surface
increased. It was observed that the shape of Au and Ag nanoparticles produced based on SEM images was spherical.
When UV-Vis spectra of Au and Ag nanoparticles were examined, it was observed that LSPR peaks shifted to longer
wavelengths (redshift) as the laser deposition times increased. We have observed, to our knowledge, that the highest LSPR
peak appeared at 1065 nm in the near-infrared region for plasmonic Au nanoparticles produced by Pulsed Laser
Deposition. Once LSPR peaks of the plasmonic nanoparticles were characterized, Biotin molecules with different
concentrations were attached to Ag and Au NPs to detect the sensor properties. LSPR peak shifts of bound nanoparticles

could be observed and a blueshift of peaks was demonstrated as the concentration increased.
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1. Introduction

Plasmonic nanoparticles (P-NPs) have been studied
extensively by several science groups in the last two
decades. When noble metal nanoparticles (NPs) interact
with light, free electrons on the metal surface are forced to
oscillate and surface plasmon resonance (SPR) occurs at a
certain wavelength. This enormous optical phenomenon is
a very delicate process and depends on the size, shape, and
surrounding environment of NPs. Notable for their small
size, high surface area/volume ratio, and strong absorption
coefficients, NPs are of great interest in analytical
chemistry [1, 2]. Metal analytical techniques based on NPs
have become increasingly important and widely used for
detection due to their high sensitivity, wide linear range,
and simple structure in the clinical, pharmaceutical,
environmental, and food safety fields. Therefore, metal
nanostructures are of great interest, both fundamentally
and technologically, due to their many unique properties
and functionalities compared to their bulk counterparts.
One of the most important aspects of NPs is their optical
properties. Many metal structures such as nanoscaled
silver and gold exhibit strong absorption in the optical Vis
region in the spectrum compared to their bulk structures.
The absorption peaks of Au and Ag elements are around
530 and 400 nm, respectively. These optical properties of
nanoscale metal particles depend on various parameters

such as their size [3], shape [4], the composition of the
metal [5], and the surrounding environment of the particles
[6-10]. Plasmonic metal nanostructures’ optical properties
are fundamental; therefore, they have attracted very strong
attention from many research groups in recent years [11].
Changes in wavelength (colour) position of the absorption
peak of NPs are due to changes in shape, size distribution,
and environment, and these substances cause their
transition from the Vis to NIR regions in the spectrum as
inorganic chromophores. In this way, researchers have
studied various applications of metal nanostructures as
optical sensors and imaging tools [12-14]. For example,
nowadays the application of nanomaterials as optical
sensors is similarly considered an excellent candidate for
detecting biological impurities such as the presence of
Escherichia coli in water [15, 16]. The reason for using P-
NPs as sensors is their ability to amplify signals very well.
Noble metals, especially gold (Au) and silver (Ag) NPs
show unique and tunable plasmonic resonance properties.
The size, shape, and response of these metal
nanostructures to the local environment can be controlled,
and changes in wavelength can be measured by shifts in
Localised Surface Plasmon Resonance (LSPR) peaks.
Metal nanoparticles (MNPs) play an important role in
many different fields. They can serve as a model system to
experimentally investigate quantum confinement and its
effects on magnetic, electronic, and other related
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properties [17, 18]. MNPs are also used in many fields
such as catalysis [19], photography [20], biological
labeling [21], photonics [22], optoelectronics [23],
information storage [24], and Surface Enhanced Raman
Scattering (SERS) [25, 26]. MNPs can be produced by
various methods such as electrochemical methods,
decomposition of organometallic precursors, and reduction
of metal salts in the presence of stabilizers or vapor
deposition methods, especially Laser Ablation (LA) and
Pulsed Laser Deposition (PLD) techniques [27]. Among
these techniques, the size and density of NPs can be
adjusted at the desired scale by easily controlling the
parameters of the PLD system such as laser fluency, laser
wavelength, laser pulse number, laser pulse duration,
background gas pressure, and distance between target and
substrate. Thanks to these distinguishable features of PLD,
the movement of LSPR peaks of P-NPs in the short or
long wavelength direction of the solar spectrum can be
easily achieved[28, 29]. The PLD technique was employed
in this work to control the optical properties of P-NPs[30].

Biotin, categorized as a B-complex vitamin, is a
water-soluble essential nutrient. Its recognition as a
vitamin took almost four decades of research [31-33].
While all living organisms require biotin, only certain
bacteria, yeasts, molds, algae, and some plant species can
synthesize it [31]. Also known as vitamin H, biotin acts as
a crucial coenzyme, displaying biological activity when
linked covalently to biotin carboxylases, a group of vital
enzymes involved in fatty acid biosynthesis,
gluconeogenesis, and propionate catabolism [34, 35]. In
1936, it was initially identified as a growth factor for yeast
in its methyl ester form. Structurally, the molecule features
a bicyclic ring system with a valeric acid side chain that
breaks its mirror symmetry. This system contains a ureido
ring on top and a sulphur-containing tetrahydrothiophene
(or thiophane) ring at the bottom. Biotin also includes
three consecutive stereocenters on the thiophane ring in
the all-cis configuration [36]. In this study, we employed
Biotin molecules as analytes that were bonded to the
surface of plasmonic Au and Ag NPs.

In our paper, we examined plasmonic Au and Ag NPs
produced by the PLD technique. The LSPR peaks of
produced P-NPs were determined by UV-Vis
spectroscopy. The morphological properties of NPs were
investigated by Scanning Electron Microscopy (SEM) and
Energy Dispersive  Spectroscopy (EDS).  Fourier
Transform Infrared Spectroscopy (FTIR) was employed to
reveal the vibrational properties of the Biotin molecule.
Different concentrations of Biotin molecules were bonded
to the surface of the plasmonic Au and Ag NPs to
investigate the sensor properties via LSPR peak shift.
Additionally, the produced plasmonic Au NPs exhibited an
LSPR peak at the near-infrared (NIR) region up to 1065
nm which is the highest to our knowledge. In particular,
this high LSPR peak of Au NP thin films produced by the
PLD technique has not been reported so far in the
literature. Such a peak at the NIR range of spectrum could
potentially be employed in the production of photovoltaic
(PV) devices to enhance the efficiency in that region.

2. Experimental setup

The PLD system was employed to synthesize silver
and gold NPs. A pulsed mode Nd: YAG laser system with
a wavelength of 1064 nm, lasting 5 ns and repeating at 10
Hz, was utilized for the process. The laser system can
produce second, third, and fourth harmonics at 532, 355,
and 266 nm, respectively, when the fundamental
wavelength is 1064 nm. For this study, the fundamental
wavelength of 1064 nm was employed. Before focusing
the laser with a lens, a neutral density filter was used to
regulate the laser pulse power, as illustrated in Fig. 1a. The
substrate used for depositing Ag and Au NPs was a glass
microscope slide, which was thoroughly cleaned by
applying soap suds and subsequently washing it with
isopropyl alcohol and acetone, with each step taking 15
minutes. The cleaning process was further enhanced by
placing the substrates in an ultrasonic bath. Lastly, a
stream of nitrogen gas was employed to dry substrates.

In our experiment, we used commercially available
high-purity Ag and Au sputtering targets (99.99%,
Plasmaterials, USA). To avoid any damaging effects on
the targets, the targets and substrate were placed on two
independently rotating holders. Since each laser pulse hits
a different place on the target, a homogeneous coating was
obtained after LS as shown in Fig. 1. A fixed distance of 5
cm was applied between the target and substrate parts.
Then, laser deposition was performed for all films at room
temperature. The energy of the laser was set at 35 mJ per
pulse (Au NPs were set at 20 mJ) and the laser beam was
focused on Ag and Au targets using a 50 cm focal length
lens. The angle of the laser beam was fixed at 450 on the
target surface. Experiments were conducted in an ultra-
high vacuum of about 5 x 107 mbar. The gold and silver
sputtering targets were ablated by applying different
numbers of laser pulses for different NP production. The
produced Au and Ag NP plasma were illustrated in Fig.
2a. Au(l), Au(2), Au(3), Au(4), and Au(5) NPs are
corresponding to 3000, 6000, 1200, 3600, and 20400 laser
pulse numbers, respectively. Ag(1), Ag(2), Ag(3), Ag(4),
and Ag(5) NPs are corresponding to 1800, 3600, 5400,
7200, and 9000 laser pulse numbers, respectively. The
morphologies of produced Ag and Au NPs were analyzed
by SEM measurement, and then EDX spectra were taken
to investigate the elemental composition of the thin film.
Absorption spectra of Ag and Au NPs were determined
using a UV-Vis spectrometer (V-670 Jasco, USA).
Additionally, FTIR spectroscopy was used to determine
the Biotin spectrum. 10-60 ppm biotin (Sigma-Aldrich)
solution was used to investigate the sensor properties of
the produced P-NPs (Fig. 2b). Ultrapure water was used as
a solvent. A 60 ppm solution of biotin (Sigma-Aldrich)
molecule was prepared in pure water. Afterward, this
solution was diluted with ultrapure water until 50, 40, 30,
20, and 10 ppm concentrations were obtained,
respectively, and prepared to be added to the surfaces of
Au and Ag NPs. LSPR peak shifts of plasmonic Ag and
Au NPs were measured by UV-Vis spectrometry.
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Fig. 1. (a) The diagram illustrates the locally designed and produced PLD system by the the Selcuk University Laser Spectroscopy
Group; (b) The PLD system is utilized to ablate the plasma of the Ag target material [37] (color online)
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Fig. 2. (a) Laboratory view of Ag (green colour) and Au (blueish colour) nanoparticles’ plasma, (b) Representation of Au-Biotin
bonding and LSPR peak shift (color online)

3. Results and discussion

The absorption spectra and SEM images of Ag and
Au NP thin films grown depending on the number of laser
pulses in small squares are given in Fig. 3a and 3b,
respectively. While the number of laser pulses was
increased, LSPR peaks of NP thin films shifted towards to
longer wavelength region. This redshift is based on
enlarge in sizes of Ag and Au NPs [38-41]. LSPR peak of

Ag NPs (Agl) has an average particle size of 100 nm that
is on 482 nm wavelength, as seen in Fig 3a. When the
average size of Ag NPs (Ag5) rose to ~200 nm, their
LSPR peak shifted to 742 nm wavelength. To ~120 nm
particle size of Au NPs (Au2), their LSPR peak is at 684
nm wavelength in Fig 2b. With some increase in laser
energy, the particle size (Au5) rose to ~225 nm and the
LSPR peak shifted to 1065 nm wavelength.
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Fig. 3. Effect of laser pulse number on LSPR positions of Ag and Au NPs (color online)

The graphs of LSPR wavelengths of all Ag and Au
NPs depending on the number of laser pulses are given in
Fig. 3. The red shift in the LSPR peak due to the width of
particle size can be explained as follows: As the number of
laser pulses increased, the amount of deposition enhanced
as the number of particles deposited on the substrate
increased[42]. Since the number of atoms stacked side by
side and on top of each other increased, the nucleation
increased and the particle size widened [43, 44]. As the
size of Ag NPs widens, the electric field across the particle
cannot be uniform due to the size of the NP approaching

the wavelength of the incident light. Thus, the field of light
is disturbed across the particle and the polarization on the
particle surface tends to break down. The distance between
opposite charges at the particle's sides increases and thus
the restoring forces between opposite charges
decrease[45]. Therefore, the movement of the
synchronously oscillating plasmons is disturbed and phase
retardation is occurred. Due to the phase retardation, the
resonance frequency and energy decreased, thus LSPR
wavelength increased [46, 47].
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Fig. 4. LSPR wavelength and calculated particle size variation of a) Ag and b) Au NPs based on laser pulse number (color online)

The size of plasmonic NP is calculated based on
LSPR wavelength, using Equation (Eq. 1):

m(ﬁum-ﬁoj

where, 4, =400 nm for Ag NP; 512 nm for Au NP,
Ly =653 and L,=0.0216 [48]. Using Eq. (1),
theoretically calculated sizes of Ag NPs are given in the
Table 1. The average size of Agl and Ag5; Au2 and Au5

— Ly /
d= L, ) NPs determined from SEM images (in 500 nm bar) in
small square inserts in Fig. 3a and Fig. 3b, respectively.
Experimentally measured and theoretically calculated NP
sizes are close to each other.
Table 1. LSPR wavelengths and calculated particle sizes of Ag and Au NPs
Sample NP LSPR Calculated Sample NP LSPR Calculated
thin films wavelength particle size thin films wavelength particle size
Agl 482 nm 117 nm Aul 546 nm 76 nm
Ag?2 532 nm 139 nm Au2 684 nm 151 nm
Ag3 594 nm 157 nm Au3 784 nm 172 nm
Ag4 704 nm 177 nm Aud 858 nm 183 nm
Ag6 742 nm 183 nm Aub 1064 nm 205 nm

3.1. Binding of Biotin to Ag NPs

Ag NPs were produced after 12 minutes (7200 laser
pulses) of laser deposition. Different concentrations of
Biotin molecules were attached to determine the sensor
properties of Ag NPs produced by the PLD mechanism.
The first, 10, 20, 30, 40, 50, and 60 ppm Biotin solutions

were prepared in distilled water. Before binding the biotin
molecule to Ag NPs, pure water was added to the
produced film surface, and the absorption spectrum was
taken by UV-Vis-NIR spectroscopy. Then, by adding
different concentrations of Biotin molecules to Ag NPs,
the spectra were taken and the shift amounts were
determined.
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In Fig. 5, only LSPR peaks obtained by adding Ag
NP, and distilled water with different concentrations of Ag
NP and Biotin molecule are seen. In Fig. 5, it is seen that
the peaks formed in the LSPR spectrum obtained by

adding distilled water and 10, 20, 30, 40, 50, and 60 ppm
Biotin molecules with Ag NP for 12 minutes (7200 laser
pulses) shift to the low wavelength region.
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Fig. 5. Biotin interaction with silver nanoparticles (Ag NPs) leads to a blue-shift in the Localized Surface Plasmon Resonance (LSPR)
peaks (color online)

Table 2. LSPR peak shifts of Ag NPs due to Biotin concentration change

Elementand | Bound Concentration | Number NP Shape LSPR AA(nm)
Deposition molecule (ppm) of laser Peak (nm)
time pulses
Ag NP 12 - - 7200 Spherical 540 Reference
min. peak
Ag NP 12 Pure water - 7200 Spherical 529 11
min.
Ag NP 12 Biotin 10 7200 Spherical 525 15
min.
Ag NP 12 Biotin 20 7200 Spherical 520 20
min.
Ag NP 12 Biotin 30 7200 Spherical 517 23
min.
Ag NP 12 Biotin 40 7200 Spherical 505 15
min.
Ag NP 12 Biotin 50 7200 Spherical 517 23
min.
Ag NP 12 Biotin 60 7200 Spherical 517 23
min.

Fig. 6b shows the LSPR spectrum obtained by adding
distilled water and 10, 20, and 30 ppm biotin molecules
with Ag NP for 12 minutes (7200 laser pulses). LSPR

peaks formed after the addition of pure water and biotin to
Ag NPs shifted to blue and moved to the lower wavelength
region.
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Fig. 6. (a) Variations in peak shifts arising from the attachment of Biotin molecules onto silver nanoparticles (Ag NPs) across
diverse concentrations; (b) Differential peak shifts elicited by the attachment of Biotin at varying concentrations (10, 20, and 30
ppm) onto silver nanoparticles (Ag NPs) (color online)

Table 2 shows LSPR peak shifts due to the Biotin 3.2. Binding of Biotin to Au NPs
concentration change of Ag NPs. Fig. 6a and 6b show
LSPR peak shifts after adding Biotin to Ag NPs. As can be Au NPs were produced after 20 minutes (1200 laser
seen from Fig. 6, the sensor properties of Ag NPs follow a pulses) of laser deposition. Different concentrations of
linear trend for 10, 20, and 30 ppm biotin concentrations. Biotin molecules were attached to determine the sensor

However, at 40 ppm this trend was broken, and a constant properties of Au NPs produced by the PLD mechanism.
wavelength shift was measured at 50 and 60 ppm.

The first, 10, 20, 30, 40, 50, and 60 ppm Biotin solutions
were prepared in distilled water. After preparing 60 ppm
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Biotin solution as in Ag NPs, other concentrations were
established by dilution. Before binding the biotin molecule
to Au NPs, pure water was added to the produced film
surface, and the absorption spectrum was taken by UV-
Vis-NIR spectroscopy. Then, by adding different
concentrations of Biotin molecules to Au NPs, the spectra
were taken and the shift amounts were determined.

In Fig. 7, only Au NP, Au NP distilled water, Au NP,
and Biotin molecules are added to NP film at different
concentrations and LSPR peaks are seen. In Fig. 8, in the
LSPR spectrum obtained by adding distilled water and 10,
20, 30, 40, 50, and 60 ppm biotin molecules with Au NP
for 20 minutes (1200 laser pulses), it is seen that the peaks
formed are shifted to the low wavelength (blue-shift)

region.
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Table 3. LSPR peak shifts of Au NPs due to Biotin concentration change

Element and Binding Concentration Laser | NP Shape LSPR AA(nm)

Deposition molecule (ppm) pulse Peak

time number (nm)
Au NP 20 min - - 12000 Spherical 733 Reference

peak
Au NP 20 min Pure - 12000 Spherical 711 22
water

Au NP 20 min Biotin 10 12000 Spherical 722 11
Au NP 20 min Biotin 20 12000 Spherical 718 15
Au NP 20 min Biotin 30 12000 Spherical 715 18
Au NP 20 min Biotin 40 12000 Spherical 712 21
Au NP 20 min Biotin 50 12000 Spherical 710 23
Au NP 20 min Biotin 60 12000 Spherical 707 26

Fig. 8 shows LSPR peak shifts after adding Biotin to
Au NPs. As can be seen from Fig. 8, the sensor properties
of Au NPs follow a linear trend for 10, 20, 30, 40, 50, and
60 ppm biotin concentrations. The fact that the wavelength
shift is directly proportional to the increase in
concentration indicates that the linear detection ability of
Au NPs is higher than that of Ag NPs. Therefore, Au NPs
produced by the PLD mechanism are more capable of
being used as sensors than Ag NPs. Table 3 shows LSPR
peak shifts due to the Biotin concentration change of Ag
NPs.

When the LSPR peaks of produced Au and Ag were
examined by UV-Vis-NIR spectroscopy in air, it was
observed that the peaks were red-shifted as the deposition
time increased. Because, as the number of laser pulses
increases, the produced NPs increase in size, causing
LSPR peaks to be in the higher wavelength region of the
spectrum (redshift). On the other hand, when pure water
or molecules are added to the produced Ag and Au NPs,
LSPR peaks that occur shift to the shorter wavelength, that
is, the higher energy region (blue-shift). The reason for
this is that when water and molecules are added, the
refractive index of the environment in which NP is located
increases, and thus the peak is shifted to blue. When the
refractive index of the medium surrounding NP changes,
the transmitted light is scattered more, shifting the LSPR
peak to a lower wavelength.

In previous studies reported in the literature, it has
been revealed that during the Au nanorods’ growth, the
peak position of LSPR shifted from 780 nm to 650 nm
over the 60-minute period [45]. It experiences a constant

blue shift as we observed in Fig. 7 and 8. In their study, it
is argued that this behaviour is inconsistent with the
nanorod growth mechanism’s basic understanding. The
position of the LSPR peak should display a red shift rather
than a blue shift, assuming other parameters are kept
unchanged, as the rods grow from spheres [49]. The
reason is that nanorod length increases, and the electrons’
confinement along the rod’s long axis declines. As a
consequence, the peak in the longitudinal axis should
display a red shift [50]. Nevertheless, in our case, as we
increase the concentration of the biotin, the LSPR peak
position undertakes a continuous blue shift. Our findings
can be compared with a previous study performed by Sau
et al [51]. In their study, they have revealed that the LSPR
position’s behaviour is grounded merely on aspect ratio.
On the other hand, Recio et al [52] took into account the
surrounding medium’s effect and revealed that the LSPR
position’s blue-shift could be described by considering the
interaction between the electrons’ collective longitudinal
oscillation and the surrounding medium. Numerous
investigations [53, 54] showed that surfactants could
undertake reorganization based on thermodynamic
environment and salt concentration, which can similarly
affect the medium’s dielectric constant. Furthermore, Link
et al [49] correspondingly exposed the dielectric medium’s
immaculate contribution to the shift of LSPR peak by
using theoretical calculations. Henceforth, it is obvious
from these studies that it is not enough to explain the blue
shift merely from a decrease in aspect ratio contrasting
that presented by Sau et al [51], and the surrounding
medium is needed to be taken into account as well [55].
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Fig. 9. EDX spectrum of Ag NPs thin film for 24 minutes (14400 laser pulses) (color online)

The content of elements in the EDX spectrum of Ag
NP thin film for 24 minutes (14400 laser pulses) that are
Ag, Si, O, Na, Ca, Na, and Mg as shown in Fig. 9. The Ag
content proves that we used Ag target for the experiment,
among other ingredients, when placing NPs on glass
microscopic slides. The detailed wt% of the elements are

given in the inside of Fig. 9. The EDX spectrum of Ag
NPs produced for 14400 laser pulses is shown in Fig. 9.
The content of thin film consists of Ag, Si, O, Na, Ca, Na
and Mg. Ag NPs are deposited on glass microscope slides
and EDX findings agree with the experimental setup.
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Fig. 10. EDX spectrum of Au NPs thin film produced for 12000 laser pulses (20 min) (color online)
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The content of elements in EDX spectrum of Au NPs
thin film produced for 12000 laser pulses (20 min) that are
Au, Si, O, Na, Ca, Na and Mg. Au content proves that we
used Au target for the experiment, among other
ingredients, when placing NPs on the glass microscopic
substrate. The wt% of the elements are given in the inside
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of Fig. 10. The EDX spectrum of Au NPs produced for
12000 laser pulses is shown in Fig. 10. The content of thin
film consists of Au, Si, O, Na, Ca, Na and Mg. Au NPs are
deposited on glass microscope substrates and EDX
findings are in agreement with the experimental setup.

Fig. 11. (a) Optimized Biotin structure, (b) Chemical structure of Biotin [36] (color online)
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Fig. 12a shows the FTIR spectrum of biotin obtained
experimentally in our study and Fig. 12b is a biotin’s FTIR
spectrum obtained in a previous study [36]. As can be seen
in Fig. 12a and 12b, both spectra are in good agreement.
O-H stretching vibration displays a band in the 3100-3400
cm! range. N-H stretching vibrations can additionally be
seen within the same range. OH mode within 3325-3623
cm™! can be observed based on ab-initio calculations. The
stretching vibration of the C=0O band appears at 1817
cm!. In-plane bending of OH occurs between 1390 and
1450 cm™!, whereas out-of-plane bending happens
between 850 and 975 cm™' [56]. The medium band at 1430
cm!in the IR spectrum, and the range of 1407-1546 cm™!,
are similarly allocated to OH mode. The deformations of
O-H out-of-plane in biotin spectra are detected in the 958-
1048 cm™! region. OH in-plane bending and out-of-plane
bending vibrations combine with CC stretching, and CH
out-of-plane bending modes, respectively. A single band
characterizes carboxylic groups characteristically that
appear in the 1700-1820 cm™! range because of the CO
stretching vibration. In the FT-IR spectrum, the bands at
1166 cm™! are related to C-COOH stretching vibrations.
There are two other vibrations of a characteristic
carboxylic group that are in-plane C-O-H bending (1(C-
OH)), and C-O stretching (C-O) commonly observed at
1150-1450 cm™! based on whether dimeric, monomeric, or
other species with hydrogen-bond are existing. Frequently,
the 1(C-OH) mode seems at a higher frequency than the
(C-O) mode. The -CH»- group vibrations (wagging,
scissoring, rocking, and twisting) contribute to numerous
normal modes in the low-frequency domain. in the FT-IR
spectrum, the bands detected at around 1430 cm™ related
to the -CH2- group scissoring deformation. The twisting,
rocking, and wagging modes are scattered over a wide
range[36].

4. Conclusion

Au and Ag NPs were deposited on a glass substrate
using the PLD technique. LSPR peaks of the produced
NPs were determined using UV-Vis-NIR spectroscopy.
LSPR peaks of Au NPs shifted from the Vis region to the
IR region as the laser deposition time increased. In
addition, it was measured that LSPR peaks of the produced
Ag NPs shifted from the blue wavelength side of the Vis
region to the NIR region. Thus, it has been shown that the
optical properties of Ag NPs can be tuned using the PLD
technique.

The morphologies of the produced Au and Ag NPs
were analysed using SEM. As a result of these analyses, it
was shown that the shapes of both Au and Ag NPs are
spherical. In addition, it has been proven that the size of
the produced NPs and their density per unit surface
increase as the number of laser pulses, that is, the
deposition time, increases. Although the produced NPs
varied in size within each film, it was observed that the
average size of the NPs increased as the number of laser
pulses increased. In addition, it was determined by SEM

images that the produced Au and Ag NPs were embedded
in the glass substrate with the effect of high kinetic energy
and temperature in the plasma. Therefore, it has been
shown that these NPs will have high durability when used
as sensors.

To characterize the sensor properties of Ag and Au
NPs we produced, pure water, Biotin molecules were
added to the surfaces of NPs, and LSPR peak shifts were
determined by UV-Vis-NIR spectroscopy. When LSPR
peak shifts of Ag and Au NPs were compared in refractive
index units, peak shifts of approximately 100 nm/RIU and
150 nm/RIU were found, respectively. Thus, it was
determined that Au NPs provided more LSPR peak shifts
than Ag NPs. As a result, Au NPs have been shown to be
more sensitive as sensors. In addition, it was confirmed
that Au NPs gave a better linear detection range than Ag
NPs in the measurements made depending on the
concentration.

In future studies; by binding different molecules to Ag
and Au NPs, the sensor properties can be examined and
also the sensitivity limits of the produced NPs can be
determined. In addition, future studies can be made on
increasing the efficiency by adding Ag and Au NPs to PV
cells. LSPR peaks of NPs can be tuned and used both in
sensor technology and to increase the efficiencies of PV
materials in different spectral regions.
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