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Abstract

The study has aimed to investigate optical and photoacoustic properties of some colloidal silver nanoparticles at
different concentration over the time. The phase purity with crystal structure of silver nanoparticles were studied
using X-ray diffraction (XRD) and was confirmed by Transmission Electron Microscopy (TEM). Optical property
was changed during the variable concentration of nanoparticles and duration time of sample. The absorbance of
silver colloidal solutions is increased, when concentration increases but decreased with respective to the longer
period of sample. Absorption peaks and stability of particles in solutions is influenced by the duration time of
solution and its concentration. The low concentration-based solutions fall in the absorbance over the times. The
observed PA signal is subjected by the factor of parameters; such as, pump wavelengths, energy, repetition rate,
concentrations, and temperature. Stability of fluorescence and absorption peaks are influenced by the concentration
of particles and time period of colloidal solution. Effects on PA signal with fluorescent and absorption peaks upon
the concentration was also significant.
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1. Introduction

Fabrication and characterization of metals based nanostructured materials have been thoroughly discussed because
of their novel material properties; such as, optical, electronic, magnetic, and catalytic properties (Ozin, 1992) that
are dependent on their structure with size and shape (May, 2008; Cao, 2004). Silver based nano-crystallites are
one of the metal nanoparticles that have widely been discussed because of their potential materials for various
applications in catalysis (Shiraishi & Toshima, 2000; Sun & Seff, 1994), electrical conductivity (Chang & Yen,
1995), and optical properties (Popok, Stepanov, & Odzhaev, 2005). In this context, researchers have reported on
the optical properties of silver nanoparticles (NPs) in accordance with the surface plasma, where the
electromagnetic field induced collective oscillation of conduction band electrons (Kreibig & Vollmer, 2013;
Bohren & Huffman, 1983). A strong absorption in UV-Vis spectral region due to plasmon modes is observed; and
the shape and position of plasmonic absorption bands of metal NPs were related to particles size, dielectric constant,
composition, and dielectric constant of the surrounding media (Jin et al., 2001; Link & El-Sayed, 1999). Moreover,
a small changing at the size and shape of metal NPs exhibits different color that can cover wide spectral range.
Such significant effects can lead to many potential applications in various fields; such as, microelectronics and
optics (Forster & Antonietti, 1998; Alivisatos, 1996). Though the above studies have reported on optical and
electrical properties, detailed spectroscopic studies are required to characterize various properties including optical
properties (Villegas et al., 1996; Wang et al., 1997; Borsella et al., 1998; Ferrari et al., 1999).

The photoacoustic technique is considered as another advantage of principal of sound generation, which is based
on light absorption, introduced by Bell (1881). This technique is rarely used for investigating the sound generation
especially for metal nanoparticles, but recently using imaging works by shining pulsed light onto tissue labeled
with optical absorbers; i.e., nanoparticles, dyes, etc. were reported (Emelianov et al., 2004; Emelianov et al., 2004.
This was able to record with the anatomical images provided by ultrasound due to the existence of nano size
particles inside tissue. The photoacaustic imaging technique was employed for using biomedical science (Oraevsky,
Jacques & Tittel, 1997; Kruger, 1994; Ku et al., 2005; Wang et al., 2002). Properties of silver nanoparticles can
also be used in the wide range of different field of integrated circuits, biosensors, medical imaging, drug delivery,
hyperthermia therapy, chemosensors, electrochemical sensors, bio labeling, and filters because of exhibiting an
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antibacterial activity as well as surface plasmon resonance (Pal, Tak, & Song, 2007; Abbasi et al., 2016; Amendola
& Meneghetti, 2009; Fukasawa et al., 2014; Schrofel et al.,, 2014). In addition, many pure metals-based
nanoparticles emerge unusual properties that have discussed optical, electrical, and magnetic properties (Chen et
al., 2009; Garitaonandia et al., 2008; Hao & Schatz, 2004; Mock et al., 2002; Sun, & Xia, 2002). Till date, limited
studies on the evolution of photoacaustic signal of silver nanoparticles are reported. Recently, photoacaustic
response from Ag-Au alloy NPs in water using short pulse was reported (Hatef et al., 2015). In this study, basic
characteristics of different concentration based colloidal silver nanoparticles over the different times by optical
and photoacaustic technique have been discussed.

2. Experimental Details

The colloidal silver nanoparticles solutions were prepared using triple distilled water in an ultrapure water
purification system (Milli-Q Advantage A10, Millipore, USA). The silver nitrate (AgNO3, 99%, LA Container
Inc., USA) and sodium borohydride (NaBH4, 97%, Fluka, Switzerland) were used in the preparation. The
materials were mixed using ultrasonic for about 5 minutes to make homogeneous distribution of the particles. The
mixed solution was refrigerated within an ice pan for about 10 minutes. After that, the mixture solution was
homogenized under a hot plate with magnetic stirrer. A 10 mL volume of 1.0 mM silver nitrate was added drop
wise (about 1drop/second) to 30 mL of 2.0 mM sodium borohydride solution that had been chilled in an ice pan.
The reaction mixture was stirred further vigorously on a magnetic stir plate. The solution turned light yellow after
the addition of 2 mL of silver nitrate and it turned a brighter yellow when the silver nitrate had been added.

From the above experiment, the solution was prepared at the concentration of C¢=2.5%10 M. Then different
concentrations of the solutions were prepared at (C;=1.25x10° M, C,=6.25x10-4 M, C;=3.125x10* M,
Cs=1.56x10* M, Cs=7.8x10° M, C¢=3.9x10" M, C7=1.95x10° M, Cs=9.76x10"° M) by diluting C, with water.
The UV-Visible spectrophotometer (Lambda 40, Perkin Elmer, USA) was used to obtain the absorption spectra of
silver nanoparticles in the spectral range from 190 nm to 1100 nm. Luminescence Spectrometer (LS45, Perkin
Elmer, USA) was used to obtain the emission, excitation spectra, and synchronous fluorescence. The particles size
and crystallite structure were studied by a transmission electron microscopy (JEM-2100F field emission electron
microscope, JEOL, Japan), The X-ray Diffraction (X Pert Pro, wavelength 1.54056 A, PANalytical, Netherlands)
was used for phase analysis to understand the crystal structure of the silver nanoparticles using High Score.

3. Photoacoustic Setup

The photoacoustic configuration involves Nd: YAG laser (model LQ 129, Solar Laser System) with the-Pump
energy 23 J, Delay of output pulse relative to pump-pulse 154 us, Output energy at 532 nm: 280 mJ, Pulse energy
at 532 nm: 280 mJ, pulse repetition rate 1-10 Hz, Pulse width at 532 nm: 12 ns, Beam divergence: 1 mrad,
Polarization at 532 nm: horizontal, Rod diameter: 8 mm. The third harmonic generator (model LG 103, Solar Laser
System) with wavelength (1064-532, 355-nm) was used with the laser. In order to study the relationship between
photoacoustic signal and wavelength, a titanium doped sapphire (Ti: Sapphire) laser (model LX 325, Solar Laser
System) was used with the parameters of output energy ~70 mJ at 755 nm, ~40 mJ at 885 nm, Beam divergence
at 755 nm ~1.5 mrad, Tuning range: 694- 935 nm, 866 -1012 nm, Line-width at maximum of tuning curve < 0.8
nm.

The spectra of UV-Vis absorption with respect to the silver nanoparticles was acquired by using a UV-Visible
Spectrophotometer (Lambda 40, Perkin Elmer, USA). In this way, the spectra with a wavelength ranging between
190 nm and 1100 nm was obtained. An all-reflecting optical system is present within this spectrophotometer, with
silica-coated optical components. The monochromator uses a holographic grating; this is concave and has 1053
lines/mm in the center. The range of working wavelengths with respect to the spectrophotometer is encapsulated
through using deuterium and halogen lamps, that act as radiation sources. In order to operate in the visible (VIS)
region, a mirror (M1) is used for reflecting radiation from the halogen lamp towards a second mirror (M2).
Simultaneously, the deuterium lamp’s radiation is blocked by M1. When ultra-violet (UV) operation is required,
the radiation from the deuterium lamp is allowed to strike M2, by raising M1. The radiation passes through an
optical filter towards the monochromator’s entrance slit, following which a spectrum is produced, through
dispersing it at the grating. A portion of this spectrum is selected on the basis of the grating’s rotational orientation
and reflected to a third mirror (M3) via an exit slit. From here, the radiation is reflected onto a beam splitter; this
enables 50% of the radiation to pass onto a fourth mirror (M4) and the rest of the radiation is reflected onto a fifth
mirror (M5). The radiation beam is focused into the sample cell by M4 and passes onto a photodiode detector via
a convex lens. Whereas, M5 enables the radiation to be focused into a reference cell, thereby allowing it to pass
onto the photodiode detector as well, via a convex lens. The spectra of excitation, emission, and synchronous
fluorescence was acquired through the use of a Luminescence Spectrometer (LS45, Perkin Elmer, USA).
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4. Results and Discussion
4.1 Absorption Spectra

The concentration of silver nanoparticles in solution was taken as Co=2.5x10 M. In order to investigate the
properties of silver nanoparticles as a function of different concentration, the first concentration of Cy was diluted
in water to prepare different concentration as Ci, C; and further diluted in water to make Cs, C4 and Cs and then
diluted in water to make Cs and C;. The following concentration of colloidal silver nanoparticles was
systematically studied on various parameters using different optical techniques

Co=2.5x10°M C=1.25x10° M
C>=6.25x10* M C3=3.125x10* M  Cs=1.56x10* M
Cs=7.81x10° M Ce=3.9x10° M C+=1.95x10° M

The absorption spectra of colloidal silver nanoparticles in solution at different concentration was recorded in the
200-700nm spectral region. The absorption peaks were noted to investigate the stability over time at different days.
To understand the relative effects, concentration of silver nanoparticles in each solution were taken as half.
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Figure 1. (a) UV-V is spectra of silver nanoparticles with different concentration; (b) Absorbance vs. Wavelength
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The comparison absorption peaks of different silver nanoparticles solution are shown in Figure 1a and observed
to be increment in their absorbance with respect to the level of concentration of nanoparticles. It is evident that the
absorption, centered at 392 nm with strong high concentration of C;; but shift slightly toward longer waves as the
concentration decreases. No significant changes were observed at absorption peak positions over time of samples.
The absorption peak at 392 may attribute to the absorption characteristic around 400 nm of spherical Ag-NP
(Oseguera-Galindo et al., 2012; Pyatenko, Yamaguchi, & Suzuki, 2007).

The comparison of absorbance of silver nitrate (AgNos), sodium borohydride (NaBH,4), and silver nanoparticles
(Ag) was examined and confirmed the absorption peak of silver nanoparticles as shown in fig. 1b. The stability of
silver nanoparticles with different concentration in solution over the time was examined by the absorbance of its
first preparation and after the interval of days and weeks till several weeks. The absorption spectra of silver
nanoparticles for different concentration over the different days namely from C, to C; are shown in Figures 2-4.
As displayed in figure 2. The comparison of evolution on absorption spectra of silver nanoparticles for C; over the
different days.
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Figure 3. (a) UV-Vis spectra of silver nanoparticles of C2 over time; (b) UV-Vis spectra of silver nanoparticles of
C3 over time

The absorbance shows the consistency and seems to be non-aggregation for the period of 8 weeks after preparation.
However, there are certain slight effects on peaks position over the time. Similar behavior of absorption is observed
at C, which is different at concentration from C;, but when the concentration of the solution is reduced to half of
C,; for instance, Cs and C4 (half of Cs), the absorption property is significantly changed after 4 days as shown in
Figure 3(a, b, ¢). The absorbance is decreased as the time period of sample increases.

The same characteristic of absorption observed, when the concentration is decreased as shown in figure 4 (a, b, c).
The absorbance of lower concentration of silver nanoparticles is more influenced by the days. As the concentration
of Cs is half Cs, the effect on absorbance over the time is significant as seen in figure 4b. Moreover, the absorbance
of C; (half of C¢) is dramatically decreased just after one day and till few days. Interestingly, the absorption peaks
of silver nanoparticles at all concentration are occurred slightly red-shift over the time. No major significant shift
in position during the short period of time from 1-day till to 2 weeks is observed. Four weeks later, the position of
absorption peak has a slightly red-shift from 397 to 402 nm, suggesting the formation of larger particles without
any aggregation. The details of absorption peaks for all concentration over the time are listed in table 1. Even after
2 months, plasmonic absorbance remained at 404 nm, and no aggregation is observed. Thus, it may possible that
colloidal silver nanoparticles can remain stable at room temperature for several weeks.
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The absorbance stability of colloidal silver nanoparticles over times is plotted in figure 5a. Stability is observed at
different concentration except slightly falls at C;. Majority of the colloidal samples at different concentration has
decreased in absorbance as the time period increases; for instance, as compared between the solution of first day
and after 8 weeks as displayed in figure 5b. Over all, the shifts in absorption peak of silver nanoparticles may
depend on the particle size, surrounding chemical and dielectric constant etc. as reported by (Liz-Marzan, 2006).
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Figure 4. (a) UV-Vis spectra of silver nanoparticles of C5 overtime; (b) UV-Vis spectra of silver nanoparticles of
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Table 1. The absorption peak positions of silver nanoparticles for different concentrations with respect to time

Time (min) A (mm) XA (mm) A (mm) XA (mm) A (nm) XL (nm) A (nm)
C C, G Cs Cs Ce C;
(1day) 392 392 390 390 392 394 382
(2D) 392 392 392 392 394 397 398
(3D) 392 392 392 392 394 398 388
4D) 392 392 392 392 396 398 388
(5D) 394 392 392 392 396 398 388
(6D) 394 394 392 392 396 398 388
(1 week) 394 392 392 392 396 398 388
(2 week) 394 394 392 394 398 400 388
(3 week) 394 394 392 396 398 400 388
(4week) 394 394 392 396 400 400 388
(5 week) 394 394 392 396 400 400 388
(6 week) 394 394 392 396 400 400 388
(7 week) 392 394 392 398 400 400 390
(8 week) 394 394 394 398 400 400 388
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4.2 X-Ray Diffraction (XRD)
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Figure 6. X-Ray Diffraction pattern of silver nanoparticles

The nature of silver nanoparticles was determined by XRD (X’Pert Pro, PANalytical, Netherlands). The structure
is observed to be highly crystalline in nature. The typical XRD pattern of silver nanoparticles solution indicates a
cubic crystal structure as shown in Figure 6. The peaks of silver particles appear at 20=38.48°, 44.67°, 82.4° and
98.99°, which attributes to crystal faces of 111, 200, 222 and 400. The peaks observed at 26=38.48°, 44.67°
correspond to [1 1 1], [2 0 0], of crystal planes of a cubic lattice structure of silver nanoparticles as reported by
Wang & Chen (2008). All the reflection peaks could be indexed to face-centered cubic (FCC) of silver, suggested
that nanoparticles were not changed in their crystalline structure. Particles sizes were determined using the
complete width at the half-maximum of the diffraction peaks and found to be as 39, 51, 27, 21 nm). The average
size of the particles was estimated d by the following Scherrer equation (1) and obtained the value as 34.5 nm.
However, it is important to take into consideration that XRD does not give the exact structural dimensions
pertaining to nanoparticles, since it averages over the atomic distances. Moreover, nanoparticles themselves
possess a great level of structural disorder and displacement, instead of having a high number of X-ray scattering
sources.

KA (1)

n = (Bcos6)

Where A is the X-ray wavelength and equal to 1.54 nm, B is the full width of maximum height of a diffraction
peak, 0 is the diffraction angle, and K is the Scherrer’s constant of the order of unity for the crystal.
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1) Transmission electron microscopy (TEM)

The particles size of silver colloidal nanoparticles solutions was examined by TEM. Few images of TEM, are
displayed as in figure 7. The distribution of silver particles with crystalline in nature is observed at its higher
concentration of solution; i.e Co. The morphology and sizes of silver nanoparticle at different resolution are also
shown. The majority of nanoparticles are spherical in shape and about 2-40 nm in average diameter. Here, the first
concentration was 2.5x10-3 M, the second was 1.25x10-3 M, the third was 1.56x10-4 M and the fourth was
7.8%10-5 M. These have been illustrated in figure 7 respectively.

Figure 7. Typical TEM image of silver nanoparticles in water at different concentrations

2) Photoacoustic (PA) Analysis

The photoacoustic properties of silver nanoparticles were investigated under different conditions. The PA signal
was monitored by changing parameters; such as, pump wavelengths, energy, repetition rate, concentrations and
temperature. Figure 8 shows the outcomes for the photoacoustic signal of silver nanoparticles. The effects on PA
signals by different parameters are systematically analyzed.
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Figure 8. PA signal of silver nanoparticles (C2) by Oscilloscope at R(r) = 2Hz, E=30mJ
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3) Photoacoustic (PA) signal vs wavelengths, input energy, repetition rate

The PA signal of silver nanoparticles solution was collected using a tunable Ti-sapphire laser source. The variable
tunable wavelengths from 380 nm to 420 nm with constant repetition rate 10 Hz at constant incident energy 1 mJ
for concentrations from C; to Cs, was used. The PA signals of silver nanoparticle solutions is shown in figure 9(a).
The PA signal increases with increasing the concentration of silver nanoparticles in the solution. The maximum
PA signal peak occurs at around 395 nm for all samples except the Cs.

The behavior of PA signal of all samples over the variation of input laser energy was investigated. The effects on
the PA signal due to pump energy was studied. The pump energy with a wavelength of 355 nm at a constant
repetition rate of 2 Hz at 5-mJ and 30 mJ was used for concentrations from C; to Cs. The comparison PA signal
under the different energy is shown in Fig. 9(b). The influence of repetition rate on PA signal is clearly observed
and increased the signal as repetition rate increased. The response of PA signal with respect to repetition rate for
the t C; is significantly higher than C,, Cs;, Cs, Cs of silver nanoparticles. PA signal is dependent on the
concentration of silver nanoparticles as the repetition rate of laser pulses was varied. The best PA signals
pronounced with the solution Cjat a laser repetition rate of 2 Hz. Thus, the PA signals is increased as the
concentration of particles decreased as seen in Fig. 9(c).
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4) Photoacoustic signal vs concentration and temperature

The behavior of PA signal for the different concentration of silver nanoparticles was also investigated. The 355
nm wavelength laser source with energy 30 mJ was used to measure the PA signal at different repetition rates (1,
2,4, 6, 8, and 10 Hz). The comparison of concentration vs. PA signals is shown in Figure 10(a). As the
concentration increases, the PA signal surges and then becomes saturated. The highest PA signal is occurred with
the concentration C; at the repetition rate of 2 Hz. In addition, when the repetition rate was changed at 5, 10, 15,
20, 25, and 30 mJ; the behavior of PA signals for the same concentration was observed closely constant till at 15
mJ then increases the signal with respect to repetition rate. PA signals of all concentration are almost constant at
5, 10 and 20 repetition rates, but significantly changed when repetition rate at 20, 25 and 30 mJ. The PA signal is
observed higher for concentration C, at the energy 30 mJ as seen in Fig. 10(b).

The effect of temperature on the PA signals of the solutions with different concentrations was investigated. When
the temperature varies from 30 °C to 80 °C for the solutions C;, C», C3, C4 and Cs, significant decay in PA signal
is observed. The effect of temperature on PA signal of silver nanoparticles under the 355 nm excitation wavelength
at 2Hz repetition rate and 20 mJ energy is shown as Figure 10. It may occur due to the effects on PA signal because
of increased temperature in the solution, which lead to mobility of particles in the solution. Also, it is evident that
in the first, second, third, and fourth concentrations, the PA signal decreases rapidly, which indicates that the silver
nanoparticles are less aggregated due to heat from rising temperature. Increasing temperature on the solutions
could rise heat the solution that may induce to separate particles. But in the fifth concentration, the silver
nanoparticles seem to be aggregated due to sense less heat in the solution.
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5) Photoacoustic signal vs fluorescence and absorption spectra

Fluorescence and absorption spectra of silver nanoparticles solution at different concentration were studied. The
excitation wavelength was used at 355 nm to obtain the emission spectra for the solutions of C;, C,, C3, C4 and Cs.
Two emission peaks of silver nanoparticles are exhibited at 460 nm and 600 nm. The emission intensity is
decreased when concentration of particles in solutions increases as shown in figure 11.
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Figure 11. (a) Fluorescence of silver nanoparticles at different concentration; (b) Fluorescence vs. stability time
of silver nanoparticles at peak 460nm; (c) Fluorescence vs. stability time of silver nanoparticles a peak 600 nm

Stability of emission peaks for different solutions C;, C,, Cs;, C4 and Cs over the times was studied. The
fluorescence vs. stability upon the times is also shown. The stability at peak 460nm over time is observed as non-
linearity behavior with respect to the concentration. On the other hand, the fluorescence peak at 600nm is observed
to be dependent on concentration of nanoparticles in solution over the times i.e. stability curve is linearity with the
percentage of concentration. In order to verify PA signals with respect to concentration of silver nanoparticles, PA
signals were recorded on the basis of fluorescence with correspond to their concentration over the different period
of time as shown in figure 12.

10
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Figure 12. (a) PA signal and fluorescence vs. concentration of silver nanoparticles after 1 day; (b) PA signal and
fluorescence vs. concentration of silver nanoparticle after 2 days; (c) PA signal and Fluorescence vs.
concentration of silver nanoparticles after a week; (d) PA signal and Fluorescence vs. concentration of silver
nanoparticles after 8 weeks

It is found that the PA signal of one day old solution is decreased, but upon the increasing concentration of silver
nanoparticles, the PA signal is observed with the increment of fluorescence intensity as seen in figure 12. Fig. 12b
shows the fluorescence intensity of 2 days old solution is trailed the same behavior but observed strong at the Cs.
Similarly, a week-old sample is observed as the increase in the fluorescence intensity upon the concentration
increases and followed the improvement in PA signal. PA signal of one day old solution with decreasing
concentration at both fluorescence peaks is increased in Cs then decline. The fluorescence peaks are observed to
be increased with reducing the concentration of silver nanoparticles in solution. The PA signal and fluorescent
peaks of the solution after two days to 8 weeks is also increased with decreasing the concentration, but there is
slightly declined at fluorescent peak of 8 weeks old solution as shown in fig 12 (b, c, d). It means that evolution
of PA signal may attribute to the lower densities of nanoparticles and also possibly be depend on the distribution
of nanoparticles in the solution. The reason of different behavior on PA signal may possible due to the different
interaction among silver nanoparticles and influence of laser pulse. In addition, the PA signal was found to be
proportional to the laser pulse fluence on the sample surface as reported by Valverde-Alva et al. (2015).

Figure 13 shows the characteristic of PA signal vs. absorption peak of different concentration over the different
time. The PA signal is increased with slightly increment on absorbance upon concentration and time. For instance,
PA signals of one day old solution increases with increasing the concentration and absorption intensity but after
Cs, PA signal start to decrease. The PA signal of solution is observed with different behavior after the 2 days till 8
weeks, i.e. increases with slightly stable at absorbance as shown in figure 12 (b, c, d). Therefore, the PA signal is
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observed higher after two days and also found to increase in the absorbance. Moreover, the response of PA signal
is different when concentration increases, the PA signal increases, and the fluorescence decreases as seen in figure
13 (a, b, c, d).

As clearly seen in figure 13 (b, ¢ d), that when concentration increases, the PA signal and absorbance are increased

except the solution of one day old solution.
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Figure 13. (a) PA signal and absorbance vs. concentration of silver nanoparticles after 1 day; (b) PA signal and
absorbance vs. concentration of silver nanoparticles after 2 days; (c) PA signal and absorbance vs. concentration
of silver nanoparticles after 8 weeks; (d) PA signal and absorbance vs. concentration of silver nanoparticles after

a week

It may state that optical properties; such as, fluorescence, absorption and PA signal of silver nanoparticles are not
stable over the times. The reason may attribute to chemical reaction in the solution that lead to influence on PA
signal. Finally, figure 14 shows the evolution of PA signals of different solutions over the times. A systematic
observation on PA signal with respect to different time for different concentration was conducted. The silver
nanoparticles solution after the preparation of two days was seen to be remained the yellowish colour, which
indicated that the particles are remained homogeneously in the solution. The PA signal is still found to be stronger
up to 4-5 weeks, which means the particles are still suspended and stable in the solution. Therefore, the PA signal
was decreased after 5 weeks and continuously decline till the lowest value for about 80640 min (about two months),
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indicating that some of silver nanoparticles are aggregated. It is assumed that the response of PA signal is still
significant from the aggregated solutions. Such aggregation in the solutions was assumed due to the cellular uptake
and endocytosis of nanoparticles (Bayer et al., 2013).
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Figure 14. PA signal vs. stability time of silver nanoparticles

5. Conclusion

Colloidal silver nanoparticles in water solution at different concentration were successfully prepared. Optical and
photoacaustic properties of colloidal solutions were studied. Absorption and fluorescence are greatly influenced
by the concentration and duration of solution over time. Significant effect on photoacoustic signals is observed
due to different parameters; such as, excitation wavelengths, input energy, repetition rate, concentration,
temperature. Present results indicated that PA signals are dependent on the nature of distribution of silver
nanoparticles, concentration, and duration of solution over time.
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