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Abstract: Plasmonic gold nanoparticles exhibit exceptional optical properties, par-
ticularly Localised Surface Plasmon Resonance, which makes them ideal candidates
for sensor applications. These nanoparticles are highly sensitive to changes in their
surrounding environment, allowing for precise detection of molecular interactions
and environmental shifts. In this study, we investigate the sensor properties of gold
nanoparticles produced via Pulsed Laser Deposition, a clean and versatile method
that allows for precise control over particle size, morphology, and distribution with-
out the need for chemical reagents. Pulsed Laser Deposition process was optimized
by adjusting laser fluence, pulse duration, and deposition time to produce gold na-
noparticles with tunable plasmonic properties. The structural and optical characteris-
tics of gold nanoparticles were analyzed using scanning electron microscopy, and
UV-Vis spectroscopy, confirming that the size and morphology of the particles were
controllable through the deposition parameters. The sensor performance of gold na-
noparticles was evaluated through localised surface plasmon resonance measure-
ments, which demonstrated their sensitivity to small changes in the refractive index
of the surrounding medium. Specifically, the shift in localised surface plasmon res-
onance peak was measured upon exposure to different analytes, including protein A
where a wavelength shift of 50 nm measured, indicating the high sensitivity of these
nanoparticles for biosensing applications. The results suggest that Pulsed Laser
Deposition-produced gold nanoparticles possess promising sensor properties for re-
al-time detection and environmental monitoring, offering an efficient and reproduci-
ble platform for a wide range of sensing applications.
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Puls Lazer Depozisyonu Yontemiyle Uretilen Plazmonik Altin Nanoparca-
ciklarin Sensor Ozelliklerinin Arastirilmasi

Ozet: Plazmonik altin nanopargaciklar (Au NP'ler), 6zellikle Lokalize Yiizey Plazmon
Rezonansi (LSPR) sayesinde, sensor uygulamalari igin ideal adaylar olarak one ¢ikan
iistiin optik 6zelliklere sahiptir. Bu nanopargaciklar, ¢evrelerindeki ortamdaki degigim-
lere kars1 yiiksek hassasiyet gosterir ve bu sayede molekiiler etkilesimlerin ve ¢evresel
degisimlerin hassas bir sekilde tespit edilmesini saglar. Bu ¢alismada, kimyasal reak-
tiflere ihtiya¢ duyulmadan parcacik boyutu, morfolojisi ve dagilimi iizerinde hassas
kontrol imkan1 taniyan temiz ve ¢ok yonlii bir yontem olan Puls Lazer Depozisyonu
(PLD) ile iiretilen altin nanopargaciklarin sensor 6zellikleri incelenmigtir. PLD islemi,
ayarlanabilir plazmonik 6zelliklere sahip altin nanopargaciklar iiretmek i¢in lazer akisi,
puls siiresi ve biriktirme siiresi ayarlanarak optimize edilmistir. Altin nanopargaciklarin
yapisal ve optik 6zellikleri, taramali elektron mikroskobu (SEM) ve UV-Vis spektros-
kopisi kullanilarak analiz edilmis ve parcacik boyutu ile morfolojisinin biriktirme pa-
rametreleri ile kontrol edilebildigi dogrulanmistir. Altin nanopargaciklarin sensor per-
formansi, ¢evrelerindeki ortamin kirtlma indisi degisimlerine duyarliliklarini gésteren
LSPR olgiimleri ile degerlendirilmistir. Ozellikle, LSPR piki, protein A dahil gesitli
analizlere maruz birakildiginda 50 nm dalga boyu kaymasi ile Sl¢iilmiis ve bu nano-
parcaciklarin biyosensor uygulamalart icin yiiksek hassasiyete sahip oldugunu goster-
mistir. Sonuglar, PLD ile iiretilen altin nanopargaciklarin gercek zamanli algilama ve
cevresel izleme icin umut vadeden sensor Ozelliklerine sahip oldugunu ve genis bir
sensor uygulama yelpazesi i¢in verimli ve yeniden iiretilebilir bir platform sundugunu

gostermektedir.

Anahtar Kelimeler: Au nanopargaciklar; LSPR; plazmonik; PLD

1. Introduction

Gold NPs (Au NPs) have attracted significant attention in recent years due to their unique plas-
monic properties, which make them highly sensitive to changes in their surrounding environment
[1-3]. These properties stem from surface plasmon resonance (SPR), a phenomenon where conduction
electrons on the NP’s surface resonate with incident light, leading to enhanced optical absorption and
scattering [4-6]. This feature enables Au NPs to be applied in various fields, including chemical and
biological sensing, catalysis, and photothermal therapies [7-10]. Among these applications, the use of
Au NPs as sensors has been particularly notable for detecting molecular interactions and environmen-
tal changes with remarkable sensitivity and precision [11-13].

Producing Au NPs with well-defined plasmonic properties is essential for optimization of their
performance as sensors. Numerous fabrication methods, such as chemical reduction and
seed-mediated growth, have been used to synthesize Au NPs with controlled size and shape [13, 14].
However, these techniques can involve chemical residues and lack uniformity, posing challenges for
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reproducibility and stability in sensing applications. To overcome these limitations, physical deposi-
tion techniques such as Pulsed Laser Deposition (PLD) have emerged as promising alternatives. PLD
offers a highly controllable and clean approach for producing metal NPs (NPs) without chemical rea-
gents, which is advantageous for maintaining purity and reducing environmental impact [15-18]. In
addition, PLD enables precise control over particle morphology and distribution by adjusting parame-
ters such as laser fluence, substrate temperature, and deposition atmosphere [19], making it possible
to tailor the plasmonic properties of Au NPs for specific applications [20, 21].

In this study, we investigate the sensor properties of plasmonic Au NPs produced by PLD tech-
nique. Unlike traditional methods, PLD provides a unique approach to NPNP fabrication by allowing
direct deposition of NPs onto various substrates under controlled conditions. This can potentially en-
hance the sensitivity and stability of Au NPs-based sensors by ensuring strong particle-substrate ad-
hesion and minimizing surface contamination. Additionally, PLD can facilitate the production of Au
NPs with highly tunable plasmonic characteristics, as the particle size, density, and distribution can be
modified in situ. By exploring these attributes, we aim to optimize the performance of Au NPs as
plasmonic sensors for detecting minute changes in the surrounding medium, particularly for applica-
tions requiring high sensitivity and rapid response times.

This paper focuses on the fabrication, characterization, and analysis of plasmonic Au NPs pro-
duced by PLD. We examine the effects of various deposition parameters on the morphology, optical
properties, and sensor performance of NPs. Through advanced characterization techniques, including
Scanning Electron Microscopy (SEM), and UV-Vis spectroscopy, we evaluate the relationship be-
tween NP structure and sensor efficiency. Our results provide insights into how controlled fabrication
via PLD can enhance the plasmonic response and sensing capabilities of Au NPs, opening new possi-
bilities for their application in real-time sensing and diagnostics. This study not only contributes to the
understanding of the fundamental properties of plasmonic Au NPs produced by PLD but also presents
a pathway toward scalable, reproducible, and environmentally friendly fabrication of NP-based sen-
Sors.

2. Materials and Methods

Au NPs were produced using a PLD system. The Nd:YAG laser (Continuum, Minilite 11) was
operated in pulsed mode with a 5 ns duration and a 10 Hz repetition rate at a fundamental wavelength
of 1064 nm. This laser can also produce second, third, and fourth harmonics at wavelengths of 532,
355, and 266 nm, respectively, although only 1064 nm wavelength was used in this study. While
shorter harmonics of the Nd:YAG laser are effective for certain materials, they are less efficient and
practical for gold targets due to reduced absorption, increased surface damage, and interference from
denser plasmas. The 1064 nm laser provides optimal energy coupling and ablation conditions for gold,
making it the preferred choice for PLD applications involving gold targets. Using a 1064 nm laser for
ablation of a gold target in PLD offers advantages in terms of material absorption efficiency, reduced
thermal and photochemical effects, cost-effectiveness, and compatibility with standard deposition
systems. It ensures effective and controlled ablation, resulting in high-quality thin films without caus-
ing significant damage to the target or undesirable plasma interactions. Laser pulse power was con-
trolled using a neutral density filter, with measurements taken before the focusing lens (Figure 1). A

glass microscope slide served as the substrate for depositing Au NPs. For substrate preparation, the
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slide was initially cleaned with alkaline detergent, then immersed in isopropyl alcohol and acetone
baths for 15 minutes each, and finally placed in an ultrasonic bath to complete the cleaning process.
The ultrasonic bath uses high-frequency sound waves (typically 20-40 kHz) generated by a transduc-
er in a liquid cleaning solution. These sound waves create microscopic cavitation bubbles in the liquid.
When the bubbles collapse, they produce localized high-energy jets that effectively dislodge contam-
inants from the surface of the glass, including tiny crevices and irregularities. The slides were then
dried using a nitrogen gas flow. The cleaned glass is dried, often using nitrogen gas or air to prevent
streaks and water spots. The gold sputtering target used was a commercially available, high-purity
(99.99%) sample from Plasmaterials, USA. To prevent any damage during deposition, the target and
substrate were mounted on independently rotating holders. This setup ensured that each laser pulse
impacted a different area of the target, achieving a uniform coating of Au NPs after laser ablation
(Figure 1). The laser fluence in PLD must be carefully controlled to ensure efficient target ablation,
proper plume formation, and high-quality thin-film deposition while avoiding damage to the target or
defects in the film.

Laser Light

substrate

Figure 1. a) A schematic representation of the PLD system, which was designed, b) Plasma generated from the
ablation of the Au target material using the PLD system [22].

A fixed distance of 5 cm was maintained between the target and substrate. The laser deposition
process was conducted at room temperature for all films, with the laser energy set to 35 mJ per pulse.
A 50 cm focal length lens used to focus the laser beam onto the Au target, with the beam angled at 45°
to the target surface. All experiments took place under ultrahigh vacuum conditions, approximately
5x1077 mbar. The gold sputtering target was ablated with 12.600 and 14.400 laser pulses to produce
different NP morphologies. SEM image was used to analyze the morphology of the resulting Au NPs,
while energy-dispersive X-ray (EDX) spectroscopy performed to determine the elemental composi-
tion of the thin film. The absorption spectra of Au NPs were measured using a UV-Vis spectrometer
(V-670 Jasco, USA). To evaluate the sensor properties of the plasmonic NPs, a 1 ppm solution of
protein A (Sigma-Aldrich) was prepared in ultrapure water as a solvent. Localized Surface Plasmon
Resonance (LSPR) peak shifts of the plasmonic Au NPs were recorded using UV-Vis spectrometer.

3. Results and Discussion
Considering plasma production and NP formation scheme in the inserted in the figure 2a, Au

NPs vaporized by ablating the Au sputtering target laser light form a plasma plume. These ablated Au
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NPs are deposited on the microscopic slide substrate with high kinetic energy. Due to their high ki-
netic energy, Au NPs combine with each other and become large particles as shown in figure by being
deposited on top of each other [23-25]. Figure 2 shows SEM images of Au NPs produced with 30
minutes of deposition (18.000 laser pulses). The images are magnified 50.000, 10.000, and 2.000
times, respectively. The size of Au NPs produced is approximately 370 nm at 50.000x magnification.
In Figure 2b, three Au NPs are visible. As seen in Figure 2c, the number and size of NPs have in-
creased. This is due to the increased deposition time, meaning the number of laser pulses was higher.

Additionally, the particle density has also increased.

Figure 2. SEM images of Au NPs produced with 30 minutes of deposition time (18.000 laser pulses). Image

magnified, a) 50.000 b) 10.000 c) 2.000 times.
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Figure 3. EDX spectrum of the produced Au NPs.

The elements present in the thin films are Au, Si, O, Na, Ca, and Mg. The presence of Au in the
composition confirms the use of an Au target in the experiment, along with other components, as NPs
are deposited on glass microscope substrates. The weight percentages of the elements are provided in
the inset of Figure 3. EDX spectrum of Au NPs produced with 12.000 laser pulses is shown in Figure
3. The thin film composition includes Au, Si, O, Na, Ca, and Mg. Au NPs are deposited onto glass
microscope substrates, and EDX findings align with the experimental setup.

PROTEIN A

\

RF .‘7;/{

RF \‘71.._]{

7

Au NP

Figure 4. The illustration shows Au NPs binding to Protein A molecules.
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Figure 5. UV-Vis-NIR spectra of Au NPs produced by PLD for 30 minutes (18.000 laser pulses), as well as for
pure water and protein A binding NPs. For pure water and protein A binding NPs, blue shifts of 50 nm and 40

nm are observed, respectively.

Plasmonic Au NP thin films were produced using PLD technique. Au NPs binds to Protein A
molecules as shown in Figure 4. The synthesized Au NPs were analyzed via UV-Vis-NIR spectros-
copy, and the results are displayed in Figure 5. As shown in the figure, LSPR peaks of Au NPs, pro-
duced with 18.000 laser pulses (30-minute deposition time), are located at 1050, 1000, and 960 nm,
respectively. First, LSPR peak of pure Au NPs was measured and found to be positioned in the in-
frared region at 1050 nm. The large size of Au NP causes the restoring force on the electron oscilla-
tions (plasmon) within the particle (in the inset image in Fig 5) to decrease, and the electron oscilla-
tions to become distorted, decreasing their frequency, thus shifting LSPR wavelength to the infrared

region.

The size of Au plasmonic NPs can be calculated by the following equation:

(3.1)

Where, 1, =532 nm; L; = 6.53 nm; L, = 0.0216 nm™! [26]. Using Eq (3.1), the NP size was
theoretically calculated to be 202 nm for LSPR peak of 1050 nm. Its value is smaller than NP size
obtained in SEM image. Next, a thin layer of ultrapure water was added to the produced Au NP film.
The UV-Vis-NIR spectrum showed a blue shift of approximately 50 nm in LSPR peak, positioning it
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at 1000 nm. Finally, a solution of protein A, prepared at a concentration of 1 ppm and diluted in pure
water, was added onto Au NP film, and UV-Vis-NIR spectrum was recorded. LSPR peak of Au NPs
with protein A shifted to 960 nm. Therefore, it was determined that the binding of protein A shifted
LSPR peak of Au NPs by 40 nm to a shorter wavelength. Additionally, when considering the shift
relative to the refractive index, LSPR peak of Au NPs measured in air (n=1) was at 1050 nm, while in
pure water (n=1.33) it shifted to 1000 nm, resulting in a 50 nm wavelength shift, corresponding to
approximately 152 nm/RIU in refractive index units.

4. Conclusion and Suggestions

This study has demonstrated the potential of PLD as a highly effective and controllable method
for producing plasmonic Au NPs tailored for sensor applications. Through careful tuning of deposi-
tion parameters, including laser fluence, pulse duration, and deposition time, we were able to fabricate
Au NPs with well-defined morphology and LSPR characteristics. SEM imaging, coupled with
UV-Vis spectroscopy, confirmed that PLD-produced Au NPs exhibited uniform size and distribution,
crucial factors in achieving reliable sensor performance. Our findings show that SPR peak of Au NPs
responded sensitively to change in the refractive index of the surrounding medium, with measurable
shifts upon exposure to various analytes. This sensitivity underscores the suitability of these NPs for
real-time detection and molecular sensing. Additionally, the environmentally friendly, chemical-free
nature of PLD production offers an advantage in reducing contamination and enhancing the repro-
ducibility of Au NP-based sensors, making this approach especially promising for biosensing applica-
tions. The observed sensor properties highlight that PLD-produced Au NPs could be effectively uti-
lized in applications requiring precise and rapid detection, such as in environmental monitoring and
medical diagnostics. The relationship between deposition conditions and LSPR response provides
valuable insights into tuning the performance of plasmonic nanomaterials. Future work could further
explore PLD’s capabilities for multi-metallic or alloy NP production, aiming to expand the range of
detectable substances and increase sensor selectivity. In conclusion, this study contributes to advanc-
ing the fabrication and application of plasmonic nanomaterials, demonstrating that PLD is a viable,
scalable, and efficient technique for producing high-performance sensors based on Au NPs.
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