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ABSTRACT

Plasmonic nanoparticles improve light absorption and enhance the charge carrier lifetime of the semiconductor, which provides a
tremendous contribution to the advanced field. UV-VIS study indicates the modification of band gap energy and visual absorption with
the contrast of the particles in the Nb20s nanoparticles resulting from changing the number of laser pulses (from 3.25 to 2.71eV). XRD
analyses revealed the successful casing of core-shell (Au) in the Nb20s nanoparticle by showing gold vulgar planes in (041) and (111)
between Nb20s. TEM images showed morphological changes and average size modification from 38.18 to 118.1 nm with the size variation
of Au@Nb20s nanoparticles. Also, it confirmed the successful formation of core-shell nanoparticles. AFM images showed a directional
proportion of the surface roughness rate with the number of laser pulses. The electrical resistance showed obvious improvement and

decrease in value with the increasing number of laser pulses.
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1. INTRODUCTION

Integrating metallic NPs such as gold, with other types in
designing hybrid nanoparticles provides a great opportunity
in materials chemistry for different physical or chemical
functions. The reciprocal interactions (electronic, structural,
etc.) between the two components of the nanostructure may
result in the formation of unique functions. This is due to the
synergistic effects that transcend the simple amalgamation
of the physico-chemical properties of the two components.
Core-shell nanocomposites have received wide attention
due to their unique physical, chemical, and biological
properties, as well as their exceptional catalytic applications
[1-3]. The thickness of the outer layer plays a vital role in
determining the efficiency and performance of these
nanocomposites. For example, in Surface-enhanced Raman
scattering (SERS) applications based on noble metal
nanoparticles encased in specialized shells, the thickness of
the outer layer should be in the nanometer range. If the shell
is too thick, it may significantly reduce or even eliminate the
SERS signal intensity. This is negatively affecting the
detection efficiency of target molecules [4, 5].

Niobium pentoxide (Nb20s) is a metal oxide with significant
promise yet to be thoroughly exploited. The interest in
Nb20s originated in the early 1940s when its polymorphs
were initially examined [6]. Nb20s exhibits numerous
polymorphic forms, resulting in a compelling array of
structural phases. These phases are predominantly derived
from NbO6 octahedral groups, which assemble into diverse
configurations, including rectangular blocks or columns [7,
8]. Nonetheless, most of these studies remain nascent,

necessitating further research to ascertain the potential of
Nb20s in these and additional applications. Consequently,
more extensive investigations on Nb20s are necessary to
furnish additional insights for researchers planning to
utilize this material for such applications [9].

Laser ablation of metal targets in liquids represents an
innovative and efficient technique for producing core@shell
nanomaterials in a single step [10-12]. This method
provides a flexible and environmentally sustainable option
for the fabrication of metal nanoparticles, including
elements such as gold, silver, platinum, and nickel. The
resulting particles exhibit unique properties, such as high
chemical activity, limited structural stability, and distinct
surface modifiability, along with high purity and uniform
distribution, making them ideal for applications in catalysis
and surface-enhanced Raman scattering (SERS) research
[13]. Kautek et al. synthesized Ni/NiOx core/shell
nanoparticles in aqueous and alcoholic solutions, with the
fluid type, laser fluence, and pulse count determining the
size distribution of the resultant products. The alteration of
these factors modified the size distribution of Ni/NiOx
core/shell nanoparticles from 10 to 30 nm [14].

In 2019, Halboos and Salim synthesized Nb2Os
nanostructures by using a drop-casting approach. The
produced Nb20s nanostructures were adorned with silver
(Ag) nanoparticles through immersion in AgNOs3 solution for
varying durations (30 to 120 seconds), followed by photo-
activation via UV irradiation. The authors intended to
construct a pn-heterojunction device. Nb20s@Ag/Si
exhibited superior performance relative to the Nb20s/Si
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manufactured device [15, 16]. Recently, Nogueira et al
(2020) functionalized Nbz0s with CuO by a solvothermal
treatment method. The work aimed to improve the
photocatalytic activity of Nb20s adorned with CdO quantum
dots for ambient carbon dioxide, yielding satisfactory
results [17]. In addition, Ahmed et al. functionalized ZnO
nanostructures with gold (Au) nanoparticles to examine the
photocatalytic efficacy of the ZnO@Au heterostructure
against Rhodamine B. The preparation method employed
was green synthesis, utilizing pecan nut leaves as reducing
agents, which led to effective ZnO@Au photocatalytic
activity [18].

In this work, we investigated the influence of the number of
pulse lasers on the productivity of Au@Nb20s core-shell
nanoparticles during nanosecond laser ablation of bulk
niobium immersed in gold colloidal. To our knowledge, the
impact of the number of pulse parameters on the optical,
structural, morphological, and electrical properties of core-
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shell nanoparticles in a dual-step process has not been
thoroughly investigated.

2. EXPERIMENTAL WORK

Gold (Au) was initially generated by ablating a high-purity
gold (99%) target submerged in pure doubly distilled water
using an Nd: YAG laser. The operating factors were set at
1064 nm, with a pulse duration of 7 ns, a frequency of 1 Hz,
and a spot size of approximately 0.8 mm; applying a fluence
of 76.4 J/cm? over 400 laser pulses. The second phase
involves positioning a niobium metal target at the base of a
glass vessel, submerged in 3 mL of gold colloid, subjected to
a fluence of 127.3 J/cm?, at a wavelength of 1064 nm, with
varying pulse counts (200, 300, 400, 500, 600). The
experimental setup is illustrated in Figure 1.
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Figure 1. The steps of preparation Au@Nb20s core-shell NPs.

Quartz glass substrates and silicon substrates were supplied
by China National Machinery Company, China. The
substrates were purified by submerging in distilled water in
a glass container, which was then placed in an ultrasonic
bath for 15 minutes. Subsequently, they were immersed in
methanol alcohol. The process was repeated three times
before drying the substrates. Following the cleaning and
drying of the glass substrates, a chemical spray pyrolysis
method was employed to deposit the thin films. The
substrates were positioned on the electric heater's surface
for 10 minutes before the deposition process to ensure
attaining the surface the required temperature. Upon
affixing the spray apparatus to the metallic holder and
calibrating the distance between the spray apparatus's
nozzle and the substrates to approximately 29 cm, the
solution of the substance intended for deposition is
thereafter introduced into the spray apparatus reservoir.
The volume of the flowing solution is regulated via a valve in
the spray apparatus to achieve the desired spray rate of 2
ml/min. The spray duration is regulated by an electronic
timer, set to 5 seconds for spraying and 20 seconds for
cessation, allowing the base temperature to revert to the
requisite level, which diminishes due to the quick cooling
from the spray application.
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3. RESULT AND DISCUSSION
3.1 UV-VIS Analysis

In plasmonic nanoparticles, such as Au@Nb,0s, the number
of laser pulses can affect the plasmonic resonance
properties by altering the shell thickness and uniformity.
This is crucial for applications in sensing and photothermal
therapies. The optical characteristics of synthetic Au@Nb20s
core-shell nanoparticles were investigated by varying
numbers of laser pulses and examined using UV-VIS
spectroscopy. Figure 2 illustrates the absorption spectrum
of five produced Au@Nb20s core-shell nanoparticle samples
(200, 300, 400, 500, 600) pulses. The inter band absorption
spectrum of the Nb20s shell displays a hump-like absorption
peak at around 355 nm. The absorption peaks experience a
red shift as the thickness of the Nb20s shell increases. The
absorption peak of Nb20s nanoparticles resulted from the
interaction between valence band electrons and incoming
photons, leading to the excitation of these electrons to the
conduction band. For Au nanoparticles, which are metallic,
the pronounced absorption peak arises from the surface
plasmon resonance of electrons within the conduction band
[19, 20].



All the spectra display identical characteristics. The
absorption spectra in the visible spectrum region are
primarily characterized by the broad interband absorption
band of Nb20s, lacking any distinct excitonic absorption
peak. The spectra display a distinct and extensive SPR peak
of the Au nanocores around 530 nm. Typically, Au
nanospheres exhibit a singular absorption band within the
visible spectrum. The absorbance increased with a little red
shift that was attributed to the augmented quantity of Nb20s
nanoparticles in the suspension. This resulted from the
greater volume of ablated material, which led to a higher
concentration of Nb20s nanoparticles [21].

The UV-Vis spectra of Au@Nb20s core/shell nanoparticles
demonstrate a considerable increase in the intensity of the
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Nb20s absorption peak as the number of laser pulses
increases. The heightened absorption intensity of Nb20s can
be attributed to the screening effect of the Nb20s shell
surrounding the Au particles. Consequently, a substantial
quantity of absorbable photons can be efficiently collected
by the Nb20s shell [22].

Ultimately, as anticipated, each sample exhibits two
absorption peaks associated with the nanoparticles. The
spectra indicate the formation of Au@Nb:0s core/shell
nanoparticles in the colloidal medium. The two absorption
peaks of Au@Nb20s core/shell nanocomposites do not
merely represent a straightforward superposition of their
components. These findings align with [23, 24].
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Figure 2. Illustrates the absorbance spectra of A u@Nb20s nanoparticles that were synthesized using varying pulses laser.

Au@NDb20s was synthesized with a Nd:YAG pulsed laser with
a wavelength of 1064 nm and an optimal laser fluence of
127.3]/cm?2. The optical band gaps and transmission spectra
for each prepared sample, corresponding to varying
numbers of laser pulses, are presented in Table 1. The
indirect band gaps were calculated using Equation (1) [25-
27].

ahy = A(hv — E,,) " )
Where o absorption coefficient (cm™), hv photon energy
(eV). E g: band gap (eV). The band gap of the synthesized
thin films was determined by extrapolating the linear
portion of the (ahv)%5-hv graph concerning the incoming
photon energy (3.25, 3.15, 2.95, 2.83, and 2.71) eV,
respectively. The band gap reduced as the number of laser
pulses increased due to the increase in particle size [28]. The
correlation between the band gap energy Eg and the
thickness of the Nbz0s shell is illustrated in Figure 3.
Furthermore, an increase in the thickness of the Nb20s shell
leads to a greater band gap energy (Eg). The notable
alteration in the band gap energy Eg and the transition of
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absorption peaks from band to band for the manufactured
Nb20s shell on the gold nano core can be ascribed to the
quantum confinement effect of the Nb20s shell [29].

The findings indicated that the band gap values diminished
with an increased number of laser shots, reaching up to 300.
A redshift was noted with an increasing number of laser
pulses. This is due to the consistent rotation of the target.
The produced particles may occupy identical precise
positions in the colloidal solution previously occupied by the
initial particles, leading to the formation of bigger species
which is aligned with [30, 31].

Nb20s is an n-type semiconductor characterized by a wide
band gap and a conduction band consisting of vacant Nb5*
4d orbitals. Thus, the integration of an Au core with an Nb20s
shell would explain the intermediate band gap value of 2.71
eV seen with a 600-pulse laser. The results indicated that
these materials should enable the generation of electron-
hole pairs and hydroxyl radicals, hence positioning them as
possible photocatalysts for optoelectronic applications and
cost reduction in processes [32].
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Figure 3. The Energy gap and absorption spectra of Au@Nb20s with different quantities of laser pulses.

Table 1 The indirect band gap of Au@Nb20s NPs produced with varying numbers of laser pulses.

Quantity of Laser Pulses Indirect Bandgap in (eV)
200 3.25
300 3.15
400 2.95
500 2.83
600 2.71

3.2 X-ray Diffraction (XRD)

The XRD was employed to study the structure of Au@Nb20s
that was prepared by different laser pulses (200, 300, 400,
500, 600, and 700) at a fluence energy of 127.3 ]/cm? and a
wavelength of 1064 nm. Figure 4 illustrates the distinct
diffraction peaks for the orthorhombic T-Nb20s phase,
aligned with JCPDS (card number 00-030-0873). The
diffraction peaks are observed at 20 = 25.7°, 64.8°,and 77.5°,
which correspond to the orientations (041), (671), and
(3122), respectively. The diffraction peak for monoclinic H-
Nb20s was located at 26 = 58.8° with the orientation (004)
indexed by JCPDS (card number 00-027-1312). The peak
with diffraction angles 26 = 83.7° corresponds to the pure
cubic phase of niobium, corresponding with JCPDS card
number 00-034-0370.These findings align with [33-36].
More intense peaks emerged with a greater number of laser
pulses employed in the preparation of Nb20s. This
phenomenon can be ascribed to the formation of additional
particles exhibiting enhanced crystallinity [37].

Conversely, the sample subjected to 700 laser shots
exhibited an extra peak at 20 =82°, corresponding to the
(215) plane, which is associated with the oxidation state of
NbO: (tetragonal), corresponding with JCPDs (01-071-
0020). The intensity of further peaks is also noted to
diminish. This may signify the deterioration of the Nb20s
crystal structures and alterations in the favored orientations
of these structures may transpire. Additionally, it can be
asserted that the PLAL technique involves regular rotation
of the target, resulting in increased thermal shock waves
being generated on the same regions of the rotating target
surface due to the greater number of laser pulses employed
in the ablation process.

The diffraction peaks at 26 = 38.1°, 44.3°, and 64.5°
correspond to the (111), (2 0 0), and (220) planes of the
cubic crystal structure of the Au nanoparticles, which is in
good accord with JCPDS card number 00-004-0784. The
intensity of the primary diffraction peak of Au (111)
nanostructures diminished relative to the diffraction peak of
Nb20s(041), which exhibited a pronounced increase with
the rising number of pulses. This may come from the
elevated quantities of clustered and agglomerated Nb2Os
nanoparticles.

With the increasing number of laser pulses, more
pronounced peaks of the orthorhombic (T-Nb20s) and
monoclinic (H-Nbz0s) structures emerged. This can be
explained by the increased amount of particles generated as
a result of enhanced crystallinity. Each laser pulse
contributes to the removal of a specific amount of target
material, leading to improved nanoparticle production and
better crystallinity [38]. The data demonstrated that the use
of 600 laser pulses produced the highest and most intense
peaks of Nb20s nanoparticles, indicating excellent
crystallization of the material, while also revealing a peak
associated with pure Niobium nanoparticles. The
appearance of the diffraction planes for both Nb20s and Au
signifies the heterogeneous structure of Au@Nb2z0s. The
formation of the core-shell structure reduced the Au
diffraction peak. Moreover, the dimensions of the core and
the shell's thickness may substantially affect the quality of
crystallinity when exposed to laser pulses.

Finally, the intensity of the noble metal (Au) peaks
progressively diminished for all the aforementioned laser
pulses. This behavior can be ascribed to the protection of the
noble metal (Au) core by Nb20s shells. Analogous conduct
was noted [39, 40].



International Journal of Nanoelectronics and Materials (IJNeaM)
Volume 18, (Special Issue) June 2025 [125-138]

#+ Nb205 A Au O Nb & NbO,

041 A

Intensity(a.u)
1
——
r—

20 (degree)

Figure 4. XRD patterns of Au@Nb20s core-shell prepared by a various number of pulses laser.

The values of Miller indices (hkl), crystallite size (D),
crystalline defect density (6), full width at half maximum (f3),
and microstrain (g) of Au@Nb20s prepared at different
pulses laser are shown in Table 2. The full half-width
maximum (FWHM) is used to evaluate the amplitude of the
peaks at the midpoint of their maximum intensity [41]. The
average crystal grain size (D) is calculated using the
Scherrer equation(Eq2), which allows estimating the
crystallite size based on the width of the peaks and their
value at half maximum[42-44]:

Where {3 represents the FWHM.

The application of a greater number of laser pulses
increased the size of the crystallite. As a result, both the
dislocation density and microstrain (&) showed a decrease,
signifying an enhancement in the quality of the resulting thin
film.

Table 2 lists various parameters calculated based on the
above equations including the crystalline size, the Miller
indices, dislocation density, and the macrostrains of the

D 0.9 (2) Au@Nbz0s core-shell material.
XRD=
BCos6
Table 2 The FWHM, crystal size, dislocation density, Miller indices, and macrostrains of the Au@Nb20s NPs
Number of . . Dislocation Micro .
e | 20| | M| Cometine | G| e | S| oot s
laser x10-3 (nm-2) x10-3 y
25.7° 0.413 041 19.8 2.52 7.77 T- Nb20s Nb20s 08-807330-
58.8° 0.06 004 133.70 0.55 5.28 H- Nb20s Nb20s 0(1)_301227_
200
647°| 025 | 671 | 3644 753 17.75 T-NbOs | Nb:os | 030
77.5° 0.11 3122 94.03 1.13 5.62 T- Nb20s Nb20s 08507330_
25.7° 0.328 041 24.85 1.61 6.21 T- Nb20s Nb20s 03507330-
58.8° 0.07 004 125.77 0.63 5.61 H- Nb20s Nb20s 0(1)-301227-
300
64.7° 0.15 671 61.09 2.61 10.58 T- Nb20s Nb20s 08;307330-
77.5° 0.24 3122 43.84 5.20 12.05 T- Nb20s Nb20s 08;307330_
25.7° 0.322 041 25.31 1.56 6.11 T- Nb20s Nb20s 08;307330_
58.8° | 0.8407 004 10.84 8.500 65.10 H- Nb20s Nb20s 02_301227_
400
00-030-
64.7° | 0.2817 671 33.40 8.96 19.36 T- Nb20s Nb20s 0873
77.5° | 0.8407 3122 12.51 63.82 42.22 T- Nb20s Nb20s 08;307330_
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259° | 0243 | 041 | 3355 0.88 459 T-NbOs | NboOs | Ol
588°| 0077 | 004 | 11811 071 5.97 H-Nb2Os | NboOs | 000
500

647°| 015 | 671 | 6145 2.64 10.52 T-NbOs | NboOs | Op)
77.5° | 0091 | 3122 | 11543 0.75 457 T-NbOs | NboOs | Cp
257°| 0186 | 041 | 4383 0.52 351 T-NbOs | NboOs | Op)
588° | 0067 | 004 | 13549 0.54 5.21 H-Nb2Os | NboOs | 0000
600 | 647°| 0095 | 671 | 99.04 101 6.53 T-NbOs | Nboos | 9030
775°| 033 | 3122 | 3402 0.86 162 T-NbOs | Nboos | 030
837° | 0088 | 220 | 1186 0.709 445 Cubic Nb 00-034-

0370
257° | 021 | 041 38.8 0.66 3.97 T-Nb2Os | Nbos | C1O7%

1646
588° | 0079 | 004 | 11542 0.075 0.61 H-Nb20s | Nboos | 9027
700 | 647°| 05 | 671 18.8 2.827 3.44 T-NbOs | Nboos | 0030
775°| 033 | 3122 | 3402 0.86 162 T-NbOs | Nboos | P30
82° | 0106 | 215 99.22 0.101 0533 | Tetragonal | NbO; | O 37

Figure 5 demonstrates that lattice strain decreases
progressively with an increase in the number of laser pulses,
leading to a concomitant increase in both the concentration
and size of the particles. The produced nanoparticles display
diverse sizes and oxide shell thicknesses, dependent on the
dimensions of the nanoparticle core and the shell thickness.
Varying nanoparticle sizes induce distinct lattice stresses
within the core. The micro-strain was established by

8

assessing the lattice parameters and micro-strain of the
lattice in relation to the nanoparticle core's crystal size and
shell thickness. Augmenting the particle size results in a
reduction in micro-strain within the crystal lattice of the
core. This is attributed to the elevated stress ratio at the
core-shell contact relative to the entire core volume in
smaller nanoparticles [45].

Lattice Strain (%)

3

T T T
200 300 400

T T T
500 600 700

Number Of Pulses

Figure 5. The variation of lattice strain (%) of Au@Nb20s as a function of laser pulses.



3.3 Atomic Force Microscopy (AFM)

Figure 6 displays high-magnification topographical views of
the surface, accompanied by average-size histograms of
Au@NDb20s nanoparticles generated with a laser fluence of
127.3 J/cm?2 with varying laser pulses. The table3 shows the
values of the average particle size, roughness, and root mean
square of Au@Nb20s nanoparticles.

The average particle size changes with laser pulses, these
results are consistent with [46]. The data indicate that the
particles are oriented vertically with various shapes. The
average particle size was observed to increase with the
increasing number of laser pulses (ranging from 44 to 78
nm). This change can be attributed to the increase in surface
roughness of the nanoparticles, as shown in the previous
observations.[47, 48]. The surface roughness and roughness
root mean square increased with the number of laser pulses,
corroborating other reported studies [49]. The AFM results
are consistent with the findings from TEM, and XRD
presented in this study.

The intensity of the thermal shock waves increases with
each interaction between the laser beam and the target
material at each pulse. The subsequent pulse may contribute
to the ejection of species, which contributes to the overall
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improvement of the ablation process. For Au@Nb:0s thin
films, it was observed that the surface roughness increased
with the increasing number of pulses. These results are
consistent with previous studies. Increasing the number of
laser pulses to 600 pulses decreases the surface roughness,
which can be attributed to the improvement in homogeneity
and the increase in particle size [39].

TEM imaging indicates that the heterojunctions obtain a
good contact interface, which is beneficial for photoelectric
performance. The better symmetry and reduction of
roughness in Au@Nb20s films help to enhance the mobility
of photogenerated charge carriers and inhibit charge
recombination.

The Au@Nb20s prepared with 600 pulses exhibited
uniformity compared to other surface coatings. The coated
sample with minimal surface roughness experiences
reduced scattering of incident light, resulting in enhanced
light transmittance [50]. This facilitates optimal
performance of the optoelectronic device. The roughness of
the thin film correlates with the crystal size determined by
the Scherrer equation based on XRD patterns, indicating that
a smoother surface is associated with larger crystal sizes
[51, 52]. Furthermore, given the significant impact of thin
film roughness on photodetector performance, it is
anticipated that a high-response photodetector can be
developed using Au@Nb20s.

Table 3. The surface roughness, average particle size, and root mean square of Au@Nb20s NPs.

Number of Laser Average particle Roughness Root mean
pulses Size (nm) (nm) square(nm)

200 +44 2.337 4.38

300 +51 3.01 82.3

400 +58 3.74 89.19

500 +63 4,99 64.08

600 +78 437 10.01
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Figure 6. AFM images and histograms distribution of Au@Nb20s NPs.

3.4 Transmission Electron Microscopy (TEM)

The number of laser pulses during laser ablation in liquid
(LAL) plays a crucial role in the formation and
characteristics of core-shell nanoparticles. This technique
involves using laser pulses to ablate a target material in a
liquid medium, leading to the formation of nanoparticles.

Figure 7 shows TEM images of Au@Nb20s nanoparticles
fabricated by 1064 nm wavelength of Nd:YAG laser and
127.3 J/cm? with a range of laser pulses (200-600). TEM
images indicate that the NPs are interconnected spherical

and are composed of black core (Au) and grey shell (Nb20s).
Interconnecting of NPs can have different reasons [53, 54].
In the beginning, a small number of laser pulses primarily
contributes to the nucleation of core nanoparticles. These
pulses generate a high concentration of ions and atoms from
the target material, which then nucleate to form initial core
nanoparticles. Generally, the nanoparticles showed a well-
defined spherical shape that agglomerated within the
concentration. The sample prepared with 200 laser shots
showed a low concentration of Nb20s nanoparticles with
low shell thickness (5.12 nm) and agglomeration rate. This
number of laser pulses was not sufficient to dislodge enough
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amount of material. As the number of pulses increases, more
material is ablated and added to the solution. This additional
material can be deposited on the existing core nanoparticles,
leading to the formation of a shell around the core. The
pulses provide energy for the continued nucleation and
growth process, facilitating the coating of core particles with
the shell material. On the other hand, the sample prepared
with 600 laser shots provided very well-defined spherical
shapes with higher concentration and shell thickness
(23.87nm) and a high agglomeration rate. This aggregation
are strongly due to the electrostatic attractive force between
nanoparticles produced by the electric double layer on the
nanoparticles’ surfaces. The nanoparticles are charged in
liquid. An electrical layer surrounds the surface of the
nanoparticles as a result of the interaction between the
liquid molecules and the surface-charged nanoparticles. It is
worth mentioning that interaction between the plasma
plume and nanoparticles can take place, which depends on
the attractive and repulsive forces between the plume
species and nanoparticles. These forces, such as the
attractive Van der Waals force, may cause growth and/or
aggregation [55].
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In summary, the number of laser pulses is a critical
parameter in the laser ablation in liquid (PLAL) technique
for forming core-shell nanoparticles. It influences the
nucleation and growth phases, shell thickness, uniformity,
composition, and application-specific properties. By
carefully optimizing the number of pulses, researchers can
tailor the core-shell nanoparticles' characteristics to meet
specific  application requirements, ensuring their
effectiveness and reliability in various technological fields.

Finally, we have successfully fabricated core-shell
nanoparticles as clearly by double SPR peaks in UV-Vis
absorption spectra (355 and 526 nm which is a typical value
for Au@ Nb20s NPs of this size ) and supported by TEM
images. These results are consistent with [56].

As shown in Table 4, the core size and shell thickness
indicated that the shell thickness increased with the number
of laser pulses, aligning with other reported studies [57, 58].
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Figure 7. TEM images of Au@Nb;0s NPs fabricated with varying laser shots: A: 200 pulses, B: 300 pulses, C: 400 pulses, D: 500 pulses, E:
600 pulses.

Table 4. Average dimensions of the core and shell thickness of Au@Nb20s nanoparticles

Number of laser pulses Core size(nm) Shell thickness(nm)
200 38.18 5.12
300 45.09 8.73
400 57.85 11.28
500 53.58 18.31
600 118.1 23.87

3.5 Electrical Measurements of Au@Nb20s Thin Films’

The properties of hybrid materials, both thick and thin films,
are being continuously studied. Core-shell materials
containing niobium pentoxide are receiving increasing
attention due to their potential uses in photovoltaic devices,
such as heterojunction solar cells and photodetectors, as
well as, gas sensing, and catalysts [59-62]. Attempts have
also been made to fabricate stable and high-performance
photodetectors from these materials [54].

The electrical resistivity of the Au@Nb20s films, prepared at
a laser fluence of 127.3 J/cm?, was evaluated over a wide
temperature range (25-225 °C) to examine its
semiconducting properties concerning the number of laser
pulses (200, 300, 400, 500, and 600).

Temperature-dependent resistivity of the thin films was
studied as a function of temperature (T). The results are
shown in Figure 8. The resistivity values of Au@Nb:0s thin
films were high at low temperatures and then gradually
decreased with increasing temperature. This phenomenon
is characteristic of semiconductor materials, which exhibit a
negative temperature coefficient, meaning that their
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resistivity decreases with increasing temperature. The
initial evaluation of all samples was performed under
thermal equilibrium conditions (at room temperature) to
determine the resistivity of Au@Nb20s thin films prepared
using various laser pulse parameters. The lowest resistivity
was documented at about 9.75 k(. Figure 8 displays the
resistivity values of the thin films as a function of increasing
temperature.

The Au@Nb:0s thin film, generated with 600 laser pulses,
exhibited elevated resistance due to the influence of particle
size, hopping mechanism, structural flaws, and film
thickness on resistance values[63].

The resistivity's dependence on the number of laser pulses
indicates an increase in resistivity with a higher number of
pulses. This phenomenon can be elucidated by the
conduction mechanism in Au@Nb20s thin films, which is
thought to be associated with the concentration of electrical
carriers, specifically the oxygen vacancies within the
structure. The electrical properties of Au@Nb2Os thin films
are intrinsically linked to their microstructure and
composition [64].
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Figure 8. The resistivity for Au@Nb20s thin films as a function of the measurement temperature.

Nb20s nanoparticles have elevated light transmittance
owing to their tunable bandgap (~2.5-3 eV), making them
suitable for the detection of wavelengths in the visible and
ultraviolet spectrum. The use of gold nanoparticles
enhances light absorption via the surface plasmon
resonance (SPR) phenomenon, hence improving the
effectiveness of photodetectors[65, 66]. Nb20s may serve
as a hole-conducting layer (HTL) in organic (perovskite)
solar cells owing to its exceptional thermal stability and
favorable conductivity[67, 68]. Gold nanoparticles
increase light scattering inside the cell, extending the
photon trajectory and promoting current production[69-
71]. Nb20s is an efficient material for the detection of
harmful gases (such as NO, and CO) owing to its
nanoporosity and capacity to interact with gas molecules
Nb20s is an efficient material for the detection of harmful
gases (such as NO, and CO) owing to its nanoporosity and
capacity to interact with gas molecules. The use of gold
particles enhances sensing sensitivity by augmenting the
quantity of catalytic sites on the surface[72-74].

4. CONCLUSION

The number of laser pulses during laser ablation in liquid
(LAL) significantly influences the production and
properties of core-shell nanoparticles. This method
employs laser pulses to ablate a target substance in a
liquid environment, resulting in the creation of
nanoparticles. The optical, structural, topographical,
morphological, and electrical analyses of Au@Nb20s
demonstrated a comprehensive enhancement. X-ray
diffraction (XRD) examination verified the development
of the orthorhombic (T-Nb20s) phase and the synthesis of
Au nanoparticles. The transmission electron microscope
photos reveal that the nanoparticles possess a spherical
morphology, with shell thickness augmenting in
correlation with the number of pulses, attributable to the
heightened quantity of particles extracted from the target,
so affirming the successful synthesis of nanoparticles. The
existence of Au@Nbz0s core-shell nanoparticles was
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confirmed using the XRD profile, which displayed distinct
diffraction planes. The UV-visible spectra exhibited clear
absorption peaks ranging from 350 to 520 nm, ascribed
to the surface plasmon resonance of Au nanoparticles
within the Nb20s matrix. The absorption of Au@Nb20s
core-shell nanoparticles was seen to rise with the number
of laser pulses, resulting in elevated absorbance values
and a little redshift ascribed to particle size. The
resistivity diminishes with an increasing number of
pulses.
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