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Abstract

In this study, gold nanoparticle samples were prepared by the chemical
reduction method (seed-growth) with 4 ratios (10, 12, 15 and 18) ml of seed, and the
growth was stationary at 40 ml. The optical and structural properties of these
samples were studied. The 18 ml seed sample showed the highest absorbance. The
X- ray diffraction (XRD) patterns of these samples showed clear peaks at (38.25°,
44.5° 64.4° and 77.95°). The UV-visible showed that the absorbance of all the
samples was in the same range as the standard AuNPs. The field emission-scanning
electron microscope (FE-SEM) showed the shape of AuNPs as nanorods and the
particle size between 30-50 nm. Rhodamine-610 (RhB) was prepared at 10° M
concentration, the optical measurements were studied, AUNPs and RhB were mixed
at ratios (1:1, 1:2, 1:3), and the fluorescence measurements were done. Full width at
half maximum (FHWM) and the intensity of RhB after mixing were changed, and
this result showed significant efficacy for many applications. The study shows that
this mixing could be used after doping with polymer as a random gain medium or
saturation absorber for pulse laser generation.
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1. Introduction

Nanoparticle-sized materials exhibit different size-related characteristics that
distinguish them from their bulk equivalents, such as enormous surface areas [1, 2],
unusual magnetic properties [3, 4], and interactions with light [4, 5]. Nanoparticles have
three physical dimensions that are on the nanometer scale. Dimensions and morphology
of gold nanoparticle impact show apparent color, light wavelengths
transmitted/absorbed, and the possibility of light scattering [6, 7].

Plasmons, defined as collective oscillations of loosely bound electrons in response
to electromagnetic waves, give gold nanoparticle suspensions their vibrant colors. When
the frequency of the plasmon and the incident light wave coincide [8, 9], it may be
recognized by the spectra's scattering and absorption peaks, which correspond to
various wavelength ranges. By altering the quantity of the reactant during the synthesis
process, which results in a broad spectrum range from the visible (600 nm) to the near-
infrared area, the aspect ratio of gold nanorods (AuNRs) may be dramatically modified.
Furthermore, theoretical calculations and practical findings show that the localized
surface plasmon resonance (LSPR) directly affects the aspect ratio (length/diameter) of
AuNRs, with the longitudinal LSPR contributing the most [10, 11]. When comparing
the different approaches to the chemical synthesis of AuNPs, the Turkevich technique is
promising. In the Turkevich method, a mild reducing agent, such as citrate, ascorbic
acid, or tannic acid, reduces Au®* ijons in an aqueous solution. Gold nanoparticles
(AuNPs) produced with this method are biocompatible and rather modest in size. The
main drawback of this method is the stringent regulation process (temperature,
concentration, and pH) that must be followed in order to produce monodisperse
particles of the correct sizes. Furthermore, tagging AuNPs with organic drug molecules
and surface modification with diverse ligands are difficult in a pure aqueous medium
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due to the organic component's poor solubility and hydrophobicity in water [12-14].
Then, by enhancing the Turkevich strategy, resolution is prioritized [15].

Organic dye-based active laser media have a wide stimulated-emission cross-
section, a high gain, and a broad fluorescence spectrum, which are all good things.
They may be employed as sources to produce femtosecond and picosecond laser pulses
using simple cavities [16-18]. One of the main issues with such dye gain media is the
disintegration of the optical bleaching of dye molecule components. Such systems often
employ a circulating dye setup to improve laser quality, which increases the complexity
and undesirable environmental impact of the device. Doping polymers and other solid-
state materials with laser dyes and modified silica glass, among others, increased in the
1990s [19]. But these media haven't received much attention lately due to their weak
effectiveness and fast deterioration. However, the stability of the solid host and the
interaction between the dye and the host are now key factors in the stability of the laser
emission. In general, three factors contribute to the loss of laser medium quality: the
synthesis of new molecules or clusters that result in non-radiative absorption; the
oxidation of dye molecules at higher levels; and the harm light-to-heat conversion
causes to dye molecules. To slow dye deterioration, holes in the laser host can be filled
with low-mass molecules with high heat conductivity [19].

Gold nanoparticles have recently attracted interest due to their great heat
conductivity and broad visible-spectrum absorption [20]. It is possible to enhance the
thermal and photophysical characteristics of dye-doped solid-state gain media by
creating a composite organic-inorganic matrix. Such samples created from suspensions
with different dye and nanoparticle compositions were evaluated by the laser Cerdanb
for their performance compositions. In metallic nanoparticles, a host solid-state dye, the
laser's electromagnetic field can be altered by particles such as gold nanoparticles
(AuNPs) [21].

In this research, AuNPs were created using a seed-growth methodology and their

structure and characteristics were investigated. In contrast to most investigations that
have employed silver as seeds, our study utilized gold. One advantage of utilizing gold
(Au) seeds instead of silver (Ag) seeds is the ability to control the morphology of the
resulting nanoparticles (NPs) by manipulating the quantity of Au seeds. Active laser
media depending on organic dyes could be used to generate ultrashort laser pulses in the
picosecond and femtosecond ranges utilizing straightforward cavities.

2. Experimental Work

2.1 Gold Preparation

The first step is called seed, which is obtained by using 50 ml of 0.015 mM
chlorauric acid solution mixed with 20 ml of 0.1M sodium citrate. After that, 0.6 ml of
ice-cold 0.01 M sodium borohydride solution was added to the mixture. Stirring the
seed solution was continued for 2 min, the solution turned orange-red immediately after
adding NaBH,4, which refers to AuNPs formation. This solution was kept at room
temperature for 2hr. [22-26].

The second step is to prepare “the growth solution” obtained by mixing 200 ml of
0.05mM-chlorauric acid solution with 40 ml of 0.1M-CTAB. Initially, a solution
containing 10 ml of 0.01 M AgNOgs, 10ml of 0.01 M HAuCl,4, and 100 ml of 0.1 M
CTAB was produced. In a water bath, the CTAB solution was heated to 30° C. In a test
tube, 3 mL of 0.1 M CTAB was added, to which Milli-Q water (1.748 ml), HAuCl,
(200 mL), and ascorbic acid (32 ml) were added one at a time. After each addition, the
mixture was gently stirred. After waiting 4 seconds, 20 ml of 0.01 M silver nitrate was
poured into the test tube and carefully mixed. The created solution was put in a water
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bath at 30°C; it took three hours for the reaction to finish. The solution was then kept at
room temperature after being centrifuged twice at 4500 rmp for 5 minutes each time
[27]. Four concentrations were prepared by taking (10, 12, 15, and 18) ml from seed and
a growth stationary of 40ml.

2.2 Dye Preparation

Rhodamine-610 (RhB) (from Lambda Physik) was produced in this work using
the formulae for preparation and dilution. Several dye molar concentrations (107, 10,
10, 10, 10°) M were prepared by dissolving the dye solution in an ethanol solvent.
While preparing, use dilution and preparation formulas, whether absorbance or
fluorescence, to lower the error rate. To find the ideal concentration and solvent
absorption, fluorescence spectra were taken. With RhB dye, we believed that a
concentration of 10 M was the best since it produced the highest fluorescence intensity
and the lowest full width at half maximum (FWHM). Spectrophotometry of the dye
solutions was determined by a computer-controlled Shimadzu UV-Visible
spectrophotometer 1800 in the spectral range 200-800 nm and fluorescence spectral
using Shimadzu 6000 with 532 nm exaction flash lambs was obtained. After preparing
the Au NPs and the dye separately, mix the Au NPs with the dye in a ratio (1:1, 1:2, and
1:3).

3. Results and Discussion

The crystallinity of the generated AuNPs was investigated using the X-ray
diffraction (XRD) technique; the XRD patterns are displayed in Fig. 1. At 18-seed
concentration, the gold nanocrystals XRD pattern showed four different peaks at 20 =
38.25°% 45.5° 64.4° and 77.95°. All four peaks were consistent with the face center
cubic [FCC] of the lattice's conventional Bragg reflections (111), (200), (220), and
(311). The strong diffraction at peak 38.25° demonstrates that zero-valent gold's
preferred growth orientation was locked in the (111) direction. This is used to describe
solids when the molecules used to make them are three-dimensional patterns made of
similarly spaced atoms or molecules. Pure Au nanocrystals often exhibit this XRD
pattern. Gold has very similar lattice constants (JCPDS 4-0783). The properties of the
generated AuNPs are listed in Table 1. On average, the lattice constant (a) was equal to
3.6.[28, 29].
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Figure 1: XRD pattern of Au nanoparticles at 18-seed concentration.
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Table 1: Properties of Au NPs measuring form XRD pattern

Miller indices | 20 (deg) | FWHM (rad) D (nm) | d-spacing (A% | a (A%
(hkI)

111 38.25 0.006578146 22.283821 | 2.365096185 3.987

200 44.5 0.007864454 19.007667 2.055489715 4.110

200 64.4 0.008285078 19.726323 | 1.453051534 2.800

311 77.95 0.008459611 20.934783 | 1.236918708 3.979

It is clear from the Field Emission- Scanning Electron Microscope (FE-SEM)
image at 10 um magnification (Fig. 2) that the shape of the AuNPs is nanorod. At 500
nm magnification and using the image J software program, the FE-SEM image (Fig. 3)
shows that the particle size is between 30 nm and 50 nm. This image shows the
morphology of the thin film of the Au NPs deposited on the silicon substrate. It is worth
noting that the spherical arrays of the metallic nanoparticles can exhibit extremely
narrow extinction rod-shaping excitations called surface lattice resonances (SLRs),
which are a result of the coupling between LSPRs, coming from metallic nano-rods in
the sample associated with individual nanoparticles and diffractive orders (DOs) present
in periodic structures [30-33].
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The size of the AuNPs, shown in Table 2, was measured from the UV-visible
spectrum using the Haiss equation [34]:

ASPR-,
ln——=

D=—=" 1
% (1

where: Agpr is the wavelength at maximum absorption, A, is the wavelength at minimum
absorption occurring at the beginning of SPR and L1 and L2 are values taken from the
data fit of the UV-visible spectrum. The size of the AuUNPs was, on average, equal to 30
nm, and this result matches the FE-SEM image.

Table 2: Particle size of Au NPs measuring form UV-visible spectra
Seed (ml) | Particle size (nm)

10 30
12 29
15 30
18 31

Fig. 4 shows the UV-visible spectra of the AuNPs synthesized by the seed and
growth method, in which the absorption appears at 532 nm. It is clear that the
absorption increased with increasing seed size because the gold particle size increased.
The seed-growth method indicated that by adding more seeds, the nanoparticles
increased [35-41].
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Figure 4: UV-Visible spectra of AuUNPs.

Figs. 5-7 show the fluorescence spectra of the RhB dye-AuNPs mixture in
different ratios. The fluorescence intensity of the mixture increased compared to that of
the dye alone, and that of the 12 ml seed fell because of quenching. This quenching has
occurred because of the reabsorption in this concentration of the 12 ml seed and the
clear shifting of the fluorescence peak compared to that without AuNPs. This shifting
happened toward shorter wavelengths (blue shift) because the nanoparticles increased
the distance between the molecules, so the non-radiative process decreased, and the
energy states of AuNPs and RhB overlapped, which was not easy to effect on the
distance between the energy levels of Au NPs and RhB. The FHWM decreased
compared to that without AuNPs because the stability of the dye molecules has
increased due to the decrease in the molecule-molecule interaction. Because the energy
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levels of the AuNPs and RhB overlapped, the concentration of 15 ml and 18 ml seeds
had a lot of fluorescence. Also, the gap between energy levels S1 and SO was bigger
than it was for 10 ml and 12 ml seeds. The results of mixing nanoparticles with laser
dye are consistent with the studies of Mutlak et al. [42-50].
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Figure 5: Fluorescence spectra of the RhB dye-AuNPs mixture of (1:1) mixing ratio.
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Figure 6: Fluorescence spectra of the RhB dye-AuNPs mixture of (1:2) mixing ratio.
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Figure 7: Fluorescence spectra of the RhB dye-AuNPs mixture of (1:3) mixing ratio.

4. Conclusions

The plasmonic phenomenon was evident in the emission spectra of the RhB dye-
AuUNPs mixture, indicating that the highest intensity was reached. However, the
quenching process was evident for the 12 seed, in which the highest intensity showed
that the increase in the concentration of AuNPs led to an increase in the plasmonic
intensity and hence the localized surface plasmon phenomenon. In this study, XRD, FE-
SEM, UV-Vis, and fluorescence measurements were used to analyze the gold
nanoparticles produced by chemical reduction. It was established that AUNPs emerge as
nano-stars with particles between 30 and 50 nm in size. RhB was added to the AuNPs to
boost the intensity. This outcome has the potential to both enhance active media and
create random gain media.
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