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Original Research  Abstract:

This work presents a detailed study of the characteristics of CdS and Fe/CdS nanoparticles synthe-

f;ﬁ:;gber 2024 sized by pulsed laser ablation in liquid at different conditions (environment, fluence, concentration).
Revised: The study shows and discusses the crucial conditions and parameters that influence the production
13 November 2024 of the CdS and Fe/CdS nanoparticles. The results showed that the size and size distribution of CdS
Accepted: nanoparticles in methanol depends significantly on the particle concentration, laser fluence, and the
17 November 2024 liquid type. In addition, the presence of Fe nanoparticles in methanol limits the production of CdS
Published online: to ultra-small particles even at high concentrations without affecting the structure of the energy
30 December 2024 states of the CdS nanoparticles. CdS nanoparticles generated in water suffer from the effects

of water molecules, especially at low concentrations. This effect does not involve a permanent
© The Author(s) 2024 change in the composition of the particles. Adding surfactants to water reduces or eliminates these

effects and significantly increases the ablation efficiency. The presence of CdS, Fe, and Fe/CdS
in methanol does not noticeably affect the refractive index, chromatic dispersion, and thermal
properties of the liquid. The results of this study can guide the process of controlling the properties

of pure and hybrid CdS nanoparticles for optoelectronic and photonic applications.
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1. Introduction

A large number of studies have been devoted to find new
materials with superior performance in optoelectronics and
optical applications [1-5]. Although many proposed ma-
terials are available, the challenges associated with their
production, high cost, toxicity, and difficulty of use in sys-
tems constitute major obstacles to the progress of optoelec-
tronics. Semiconductors are among the most promising
materials in this field, as semiconductors have a crucial
role in developing modern optoelectronic devices and vari-
ous optical applications [1, 6, 7]. II-VI semiconductors in
various nano-scale structures have multiple scientific and
technological applications. Among these materials, cad-
mium sulfide (CdS) is a promising binary semiconductor,
used in a variety of optical and electronic applications [8].
It has a wide energy band gap and very low solubility in
water, unlike its rapid solubility in acids [9].

The activity of nanomaterial in different applications, e.g.

photocatalytic, depends on the phase structure and exposed
sides of the crystal. In addition, different shapes of nano-
material affect the material properties due to the different
surface-to-volume ratios [10, 11]. Therefore, providing dif-
ferent crystalline forms and different nanostructures can
provide different activities for different applications. Fur-
thermore, hybridization of materials is one of the most
important ways to obtain materials with new and improved
properties. Many studies have proven that very significant
improvements can be achieved by hybridizing materials of
different characteristics [1-5, 12, 13]. Among these studies,
a large number of studies dealt with the hybridization of
CdS with iron or one of its oxides, for example [1, 4, 5, 14—
18]. This type of hybridization can add magnetic control
to nanoparticles in addition to improving the optical and
electronic properties of the nanoparticles.

Most studies on the phase transformation of CdS crystals
are limited to preparation under strict conditions such as
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high pressure or high temperatures [10]. In addition, most
of the previous studies that adopted the manufacture of pure
CdS particles or hybridized with other materials relied on
chemical methods [1, 2, 4, 5, 8, 14-17, 19]. In addition,
other studies relied on pulsed laser ablation technology to
prepare pure CdS nanoparticles and hybridize them with
other materials [18, 20-25]. Pulsed laser ablation (PLA)
is a very important technique in producing nanomaterial
free of impurities with controllable properties [18] and high
stability in environmentally friendly conditions. In addition,
the laser ablation technique is available for a very wide
range of materials, including semiconductors [20, 26].
The technique of analyzing the optical properties of mate-
rials upon their interaction with electromagnetic radiation
provides highly valuable information about the physical and
chemical properties of the material. These optical properties
include absorption, emission, reflection, refraction, diffrac-
tion, and scattering. For semiconductors, the optical prop-
erties are related to the characteristics of the energy bands
and the atomic structure of the substance [27]. Studies of
the optical absorption edges of semiconductors provide im-
portant information about the states near the valence band
and conduction band, in addition to the forbidden energy
band gap. This information is essential for determining
the performance of semiconductors in different applications
[4,9,17].

In this work, we presented a detailed optical study on pure
CdS and Fe/CdS nanoparticles synthesized using the PLA
technique in liquid with different preparation conditions.
The study included a detailed investigation into the proper-
ties of the nanoparticles generated in methanol and water
in terms of size, energy gap, aggregation rate, and interac-
tion with liquid molecules. In addition, the effects of laser
parameters, particle concentration, and the presence of iron
nanoparticles on the characteristics of the CdS nanoparticles
were studied. The study presents the main parameters that
influence the properties of CdS and Fe/CdS particles and
discuss the physical and chemical origin of these parameters.
Furthermore, this work shows the advantages of PLA and
the properties of hybridization that cannot be achieved by
chemical route. Moreover, we presented the effects of the
generated particles on the linear refraction and the thermal
and dispersion properties of the liquid.

2. Experimental part

At the beginning 20 mm diameter discs of CdS and Fe were
fabricated by mechanically pressing CdS and Fe micro-
scale powders, respectively, by using a homemade (30 MPa)
hydraulic pressing device. The samples of Fe, CdS, and
Fe/CdS were prepared at different concentrations in wa-
ter and methanol by using pulsed laser ablation with an
Nd:YAG laser at a wavelength of 1064 nm, a pulse dura-
tion of 4.5 nsec, a repetition rate of 4 Hz, and different
energy densities (1.4 — 13.3 J/cm?). In all the preparation
processes, the samples were immersed in 10 mL of liquid,
where the surface of the targets was at 6 mm below the
liquid surface. The fluence of the laser beam on the surface
of the target was (1.4 — 13.3 J/cm?). The pulse energy was
measured by a Gentec-EO joule meter.
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To prepare the Fe/CdS sample, Fe particles were first pre-
pared by firing the iron target in water or methanol with
laser pulses. After that, the iron target was removed and
replaced with the CdS target, and the laser ablation process
was repeated. After completing the preparation process,
an external magnetic field was used to separate the gener-
ated particles. Using this method, all the CdS particles that
are not connected with iron particles were eliminated. To
prepare the CdS/Fe sample, the same method above was
used, but the CdS particles were first prepared in the liquid.
CdS nanoparticles were also synthesized in water with dif-
ferent concentrations of Cetyltrimethylammonium bromide
(CTAB) and different concentrations of polyvinyl alcohol
separately. The prepared CdS samples were 8 samples in
methanol, 8 samples in pure water, 3 samples in water with
CTAB, and 3 samples in water with PVA. In addition, 3 sam-
ples of Fe/CdS were prepared in methanol and 3 samples in
water. Two addition samples of CdS/Fe were synthesized in
methanol.

The processes of determine the exact concentration of the
nanoparticles prepared by PLA are not direct jobs and do
not usually have the reliable accuracy. Instead, in this work
we depended on the number of the laser pulses used and the
absorbance intensity for indicating the relative concentra-
tions of the samples. This method is fairly enough, since
we are interested in showing the effects of changing some
preparation conditions relative to the effects of other prepa-
ration conditions.

Absorption spectra were measured over the range of
190-900 nm using a CECIL CE7200 UV/VIS spectropho-
tometer. To measure the linear refractive index, the exper-
imental setup described in reference [6] was used. The
refractive index and its thermal coefficient were measured
at three wavelengths (405, 532, and 632.8 nm). The refrac-
tive index of the samples was measured with an accuracy of
3.5x 1073,

3. Results and discussion

3.1 Laser ablation in methanol

Figure 1 presents images of samples of Fe, CdS, Fe/CdS,
and Fe/CdS before eliminating the CdS particles that are

Figure 1. Images of samples of Fe, CdS, Fe/CdS, and as pre-
pared Fe/CdS sample before eliminating the CdS particles
that are not connected to Fe.
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not connected to the Fe particles. The figure shows how the
Fe/CdS particles are attracted to the external magnate.

Figure 2 presents some SEM images of the samples of the
study. These images are examples showing the size scale
of the produced nanoparticles. The statistics of the SEM
images showed that the Fe and CdS particles are spherical
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or semispherical particles with size ranging between 5 — 50
nm. At the stage of SEM sample preparation, the CdS
nanoparticles prepared in methanol form large scale random
aggregates. However, CdS prepared in water structured
in large scale cubes at the stage of particles creation. Fe
nanoparticles prepared in water and methanol are normally

Figure 2. (a-c) SEM images of Fe, CdS, Fe/CdS samples prepared in methanol, respectively, and (d-f) of Fe, CdS, Fe/CdS

samples prepared in water.
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covered with a layer of Iron oxide.

Studying the optical characteristics of nanoparticles can
clarify most of the physical and chemical properties of the
particles and their interactions with the environment. Fig-
ure 3 (a) shows the absorption spectra of CdS nanoparticles
prepared in methanol by laser ablation at different pulse
numbers with (1.4 J/cm?) energy density on the target sur-
face.

As can be seen from Figure 3 (a), the absorption spectra
of the samples prepared with number of pulses (30 and 60
pulses) consist of a sharp band with a peak at 250 nm and
a broad absorption band peaked at 300 nm and extending
to most of the visible region. This indicates the formation
of nanoparticles with different size distributions. The sharp
peak in the ultraviolet region indicates the formation of CdS
nanoparticles with sizes less than 2 nm (according to an ef-
fective mass approximation based relation [28]) with a very
narrow size distribution. The appearance of this sharp peak
indicates the formation of particles with a certain preferen-
tial or “magical” agglomeration number [29]. Depending
on the absorbance value, it becomes clear that, the percent-
age of particles formed with the preferential aggregation
number is higher than the other sizes formed in the sample.
When the number of laser pulses increases to 300 pulses,
that is, the concentration of the formed particles increases,
the two absorption regions merge together, with the peak
at 250 nm remains the highest in the absorption spectrum.
This reveals an increase in the width of the size distribu-
tion of the particles due to an increase in the aggregation
or the agglomeration rate of particles in the liquid when
their concentration increases. The aggregation of CdS parti-
cles indicates that the surfaces of these particles are free of
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surface charge. However, by preparing samples of CdS par-
ticles at very high concentrations, it was found that the size
of the final particles remains within the range of nanoparti-
cles (10 — 40 nm).

The fluence of the laser used has a direct effect on the prop-
erties and quantity of nanomaterial produced in the liquid.
Figure 3 (b) shows the absorption spectra of two samples
prepared at different energy densities. The energy density
was calculated on the surface of the target. From the figure,
it can be seen that, as the fluence increases, the sharp peak
region is shifted towards longer wavelengths (from 250
nm to 280 nm). This indicates that the average size of the
particles increases with the increase in laser fluence. This
increase in size happens at the stage of particle creation and
not at the post-synthesis stages, as will be explained below.
Figure 3 (b) also shows that the efficiency of laser ablation
decreases considerably as the laser fluence increases. Parti-
cle size and size distribution increasing with the increasing
of laser fluence have also been observed in some previous
works, e.g. [30, 31].

Determining the mechanisms of laser fluence effect on the
properties of nanomaterial and specifying the contribution
of each mechanism is a very complicated task. That is, in
the laser ablation process, the properties of nanomaterial de-
pend on the set of interactions that occur from the moment
the laser pulse falls on the surface of the target until the
end of the nanoparticle formation process. These processes
include surface absorption of photons, formation of plasma
on the surface, expansion of the formed plasma, formation
of cavitation bubbles, formation of shock waves, interac-
tion of the formed plasma with the rest of the laser pulse,
particle nucleation, and cooling of the plasma. All these
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Figure 3. Linear absorption spectra of nanoparticles prepared in methanol (a) CdS prepared at the same laser energy (b)
CdS prepared at different laser energy values, (c) CdS and Fe/CdS, and (d) Fe/CdS and CdS/Fe.

2251-7227[https://dx.doi.org/10.57647/j jtap.2024.1806.80]


https://dx.doi.org/10.57647/j.jtap.2024.1806.80

Shihab Ahmed et al.

processes depend on the laser parameters and the physical
and chemical properties of the liquid and the target material
[32-34]. One of the most important processes that cause the
average size of nanoparticles to increase with the increase
in laser intensity used is the direct effect of laser intensity
on the thermodynamics of the formed plasma and cavitation
bubbles. Higher laser fluence leads to raising the temper-
ature and pressure of the formed plasma, which means a
longer lifetime for the cavitation bubbles. This leads to the
formation of larger nanoparticles [32, 35]. In addition, the
formation of plasma at higher fluence leads to an increase
in the effect of the plasma shield formed on the surface of
the target. This results in a decrease in the amount of light
energy reaching the surface of the target [36], which directly
affects the size of the particles formed and the efficiency
of the ablation process [37, 38]. Moreover, increasing the
laser fluence can cause optical collapse of the laser beam
in the focal area, which causes a significant decrease in the
energy reaching the surface of the sample, hence, affecting
the size and quantity of nanomaterial created in the liquid
[33]. However, the dependence of the size of the particles
on the laser fluence enables a very simple and effective tool
to produce nanoparticles with controllable size.

Bulk CdS material has an energy gap of about 2.42 eV [4].
In the nano-scale, the energy gap increases as the particle
size decreases due to quantum confinement effects [39].
CdS nanoparticles synthesized in methanol have an energy
gap much larger than the energy gap of the bulk material.
This denotes the formation of particles with radii close to
or less than the Exciton Bohr radius. Table 1 contains ex-
amples of the energy gap value for samples prepared with
different pulse numbers. The energy gap was calculated
from the absorption spectrum using Tauc’s formula [17] for
direct allowed transitions.

The values of the energy gap shown in the table are not
always constant for the samples prepared with the same
number of pulses but rather depend on the energy density
of the laser and the type of liquid. However, the energy gap
was calculated here to show that its value decreases with
the increase in the number of laser pulses, which indicates
an increase in the size of the CdS particles.

Laser ablation of CdS in methanol containing iron nanopar-
ticles reveals other important properties of this compound.
The absorption spectra in Figure 3 (c), curves 1, 2, and 3, are
for CdS particles prepared in pure methanol, CdS particles
prepared in methanol containing iron nanoparticles, and
CdS particles prepared at a high concentration in methanol
containing a high concentration of iron nanoparticles, re-
spectively. Comparing curve 1 with curve 2 shows a very
important result. Curve 1 contains a shoulder in the ultravi-
olet region indicating the formation of CdS particles of very
small sizes (smaller than 2 nm) and a wide absorption band
covering the visible and near-infrared region representing
the absorption of a wide size distribution. However, curve
2 contains a very sharp band with a peak at 280 nm with
near zero absorbance in the visible and near infrared region.
This result reveals that the CdS particles formed on the iron
particles are of very small sizes and with a very narrow size
distribution. In other words, the presence of iron particles
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Table 1. The optical energy gap of CdS nanoparticles
prepared in methanol by pulsed laser ablation method with
different number of pulses.

Material No. of Pulses Eg (eV)
CdS 775 3.95
CdS 1700 3.85
CdS 2700 2.7

prevents the aggregation of CdS particles. This case remains
valid even at high concentrations of the CdS nanoparticles,
as can be observed from curve 3, which contains a sharp
peak at 280 nm representing the generation of CdS particles
of the same size as those generated at low concentrations.
The absorbance at the beginning of the visible region in this
curve is due to the iron particles, as it exactly matches the
absorption spectrum of pure iron nanoparticles (not drawn).
The role of the iron nanoparticles in preventing the CdS
aggregation was also confirmed by SEM examination, as
shown in Figure 2 (c).

In addition, the appearance of the absorption peak at 280
nm, curves 1 and 2, suggests that the clustering of CdS
nanoparticles on the iron nanoparticles does not change the
energy gap value of CdS. It also does not change the prefer-
ential agglomeration number of these particles. This means
that the structure of the energy levels and charge distribution
of the CdS particles is not affected upon bonding to the iron
nanoparticles. This is different from the case of Fe-doped
CdS nanoparticles prepared by chemical methods [1, 17],
where the energy states of the Fe ion interfere with those of
CdS. This fact, along with the generation of a narrow distri-
bution of CdS nanoparticles without any capping agent, can
be considered an important advantage of generating Fe/CdS
nanoparticles by laser ablation method in methanol.
Figure 3 (d) shows another mechanism of the assembly of
iron and CdS particles. For this sample, the CdS nanopar-
ticles were first prepared in methanol, after that, the iron
nanoparticles were ablated in the sample. As can be seen
from Figure 3 (d), the absence of the sharp peak in the ul-
traviolet region declares the formation of relatively large
size CdS nanoparticles. However, this did not prevent the
adhesion of iron particles on these CdS nanoparticles. This
result indicates that the improvement of aggregation proper-
ties of CdS gained by the presence of iron particles occurs
in the initial stages of the formation of the CdS particles
and not in the post-formation stages. It also confirms the
possibility of adding the magnetic control property to CdS
nanoparticles of any size.

3.2 Laser ablation in water

CdS particles generated in water exhibit special character-
istics that are completely different from those generated
in methanol. Figure 4 (a) shows the absorption spectra of
samples of CdS particles prepared in water using different
numbers of pulses.

For samples of low concentrations, i.e. prepared with
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Figure 4. Linear absorption spectra of (a) CdS prepared with different laser pulses number in water (b) CdS prepared in
water and transferred to methanol (c) CdS prepared in different liquids (d) CdS, Fe, and Fe/CdS prepared in water.

200 — 1000 pulses, the absorption spectrum shows a very
sharp edge in the ultraviolet region without any distinc-
tive feature or absorption peak in the other spectral regions.
When the concentration increases to relatively high values,
the characteristic absorption edge of CdS appears in the
visible region. The appearance of the absorption with these
characteristics can be due to several reasons that are not
easy to distinguish. First, at low concentrations (200 — 1000
pulses), the sharp absorption edge can suggest the forma-
tion of very small nanoparticles. When the concentration
increases, the aggregation of CdS particles leads to the pro-
duction of relatively large particles, leading to a red shift of
the absorption edge. The formation of relatively large ag-
gregates of CdS in the form of cubic crystals was confirmed
by SEM examination shown in Figure 2 (e).

Second, shining laser pulses into water to generate CdS
particles can be accompanied by the generation of OH rad-
icals. These radicals attack the CdS particles, leading to
the generation of a compound that is unable to absorb for
a period that depends on the concentration and size of the
particles. Also, the attack of these radicals leads to a reduc-
tion in the concentration of CdS particles. After that, S~
radicals are generated, which are responsible for absorption
in the visible region upon charge transfer to an unoccupied
state in the nanoparticle [29, 40]. This means that, at low
concentrations, the attack of OH and the low concentra-
tion of ST may lead to very weak absorbance in the visible
region. Increasing the concentration of the particles and
increasing their size lead to an increase in the concentration
of the S™radical and an increase in the number of unoccu-
pied states in the particles. This leads to raise the spectral
activity and consequently the appearance of the absorption

edge in the visible region.

Third, for nano-scale particles, 40% of the atoms and the
molecules are on the surface of the particle [41]. This means
that they are in direct contact with the highly polar water
molecules which can easily accumulate around the particles
and may form hydrogen bonds. This can alter the charge
distribution on the surface of the small nanoparticles, which
can consequently lead to a change in the transition probabil-
ity and/or the production of electron-hole pairs. This effect
depends on the size of the particles since the ratio of surface
area to volume and the surface charge distribution are size-
dependent. This can explain the significant changes in the
absorption properties of the CdS nanoparticles suspended
in water depending on their sizes.

To clarify the effect of water molecules on the optical prop-
erties of CdS particles, a sample of CdS nanoparticles pre-
pared in water was completely dried and transferred to
methanol. The particles were redistributed in methanol
using a 200 W sonication device. The absorption spectra
of these particles in water and methanol are shown in Fig-
ure 4 (b). The difference in the absorbance values in the
visible and near-infrared region of the two spectra is caused
by the decrease in particle concentration due to drying and
transporting processes. We note from the figure that the
absorption spectrum of CdS particles in water contains only
a sharp edge in the ultraviolet region. However, the absorp-
tion spectrum of the same particles in methanol shows a
sharp absorption band peaked at 280 nm, which represents
the formation of the preferential aggregation number for
the CdS particles. This result reveals the strong effect of
the polar water molecules on the spectral properties of the
CdS nanoparticles. In addition, this result proves that water
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molecules do not induce a permanent effect that leads to a
change in the composition of the CdS particles but rather
a temporary effect caused by the presence of polar water
molecules around the nanoparticle.

To further clarify the effect of water molecules, we synthe-
sized CdS nanoparticles in water containing 15.6 mM of
CTAB. Figure 4 (c) shows the absorption spectra of two
samples of CdS nanoparticles prepared in distilled water
and water containing CTAB by using 1000 laser pulses for
each. Comparing the two spectra shows that the absorption
in the visible region of the sample containing CTAB is much
higher than that of the sample prepared without CTAB. This
result may be either because CTAB coats the CdS particles,
isolating them from the influence of water molecules, which
leads to an increase in the optical activity of the particles, or
because the presence of CTAB enhances the efficiency of
laser ablation, which leads to a higher concentration of the
particles. What is worth mentioning is that increasing the
concentration of CTAB does not lead to noticeable changes
in the properties of the generated CdS nanoparticles.

In addition, CdS nanoparticles were also generated in water
containing PVA polymer at a concentration of (0.8 mM).
Adding PVA polymer to the preparation liquid leads to al-
most the same results as those with the CTAB but to a lesser
extent. Moreover, the absorption spectra of CdS nanoparti-
cles prepared in water containing PVA by using 265 pulses
(not shown) contain a sharp peak at 280 nm, which indicates
the preferential aggregation number of these particles.
Figure 4 (d) shows the absorption spectra of Fe and CdS
nanoparticles generated in pure water and CdS nanoparti-
cles generated in water containing Fe nanoparticles. What
can be observed from the figure is that the presence of iron
nanoparticles did not lead to noticeable changes in the ab-
sorption spectrum other than adding the absorbance of iron
nanoparticles to the total absorbance of the sample. That is,
the presence of iron particles did not change the aggregation
properties of the CdS nanoparticles nor prevent the effect
of water molecules on them. A similar result was obtained
in [42].

3.3 Linear refractive index measurements

One of the most important parameters that must be deter-
mined when using optical materials in the field of photonics
is the index of refraction and its dependence on temperature
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and wavelength. To study these parameters, the refractive in-
dex of pure methanol, Fe, CdS, and Fe/CdS nanoparticles in
methanol was measured with an accuracy of 3.5 x 107> by
using the experimental setup described in [6]. Figure 5 (a)
shows the change in refractive index of these samples with
wavelength.

As shown in Figure 5 (a), the presence of Fe, CdS, and
Fe/CdS nanoparticles in methanol does not impose any no-
ticeable change in the refractive index of the liquid or the
chromatic dispersion dn/dA. It can also be noticed that this
fact is true in the regions of weak and high absorption of the
sample. This means that the presence of these nanoparticles
and the charge distribution on their surfaces do not affect
the polarization properties of the liquid. In other words, the
presence of these nanoparticles in methanol does not change
its level of response to the electric field component of the in-
cident light. This result was proven for samples with optical
transmittance of about 30%, i.e. containing nanoparticles at
high concentrations. This declares that all applications that
can employ these nanoparticles do not face the problem of
changing the refractive index or the problem of chromatic
dispersion differences. This advantage is very important, es-
pecially for complex optical systems that sometimes require
adding additional components to the system. In addition, it
can be observed that the hybridization of CdS nanoparticles
with Fe nanoparticles did not affect the refractive properties
of the sample. This feature demonstrates that the presence
of the Fe nanoparticles, which enables the magnetic control
feature of the CdS nanoparticles and improves their aggre-
gation properties, does not impose any significant effect on
the refractive properties of the sample.

Figure 5 (b) shows the rate of change of refractive index with
temperature (dn/dT) for Fe, CdS, and Fe/CdS nanoparti-
cles at different wavelengths. We notice from the figure that
there is a very slight change in the dn/dT rate for methanol
in the presence of these nanoparticles. The most obvious
change in the value of this parameter occurs at the end of
the visible region, the region of weak absorption of the sam-
ples. This result reveals the slight effect of the presence of
these nanoparticles on the thermal properties of the liquid.
The largest change in the value of dn/dT is for the Fe/CdS
sample. This could be due to the small size and narrow size
distribution of these particles, as indicated in Figure 2 (c
and f) and Figure 3 (c and d). For the same value of linear

abs(dn/dT)

34
550 600 650 400 450 500 550 &00 650
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Figure 5. (a) linear refractive index and (b) dn/dT at different wavelengths of pure methanol, Fe, CdS, and Fe/CdS

nanoparticles suspended in methanol.
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absorbance, the smaller the size of the nanoparticles and
the narrower their distribution, the larger their number is.
The larger distribution in the liquid and the larger surface
area-to-volume ratio mean a larger interface area between
the particles and the liquid molecules, which can lead to
greater interaction and greater effect.

In general, changing the value of dn/dT has a direct effect
on the thermal nonlinear refraction properties of materials
[43, 44]. This means that, at the same linear absorbance,
the samples under study have the same value of the ther-
mal nonlinear refractive index. Furthermore, the results
indicate that the advantage of adding iron to CdS particles
does not include significant changes in the thermo-optical
properties of the sample. In addition, it can be seen from
Figure 5 (b), that the rate of change ofdn/dT with wave-
length (dn?/dAdT) is the same for all samples. This states
that the chromatic properties of the medium are weakly
affected by the presence of these nanoparticles.

4. Conclusion

This work presents a detailed optical study on CdS and
Fe/CdS nanoparticles both synthesized using laser ablation
technique. The study shows the wide divergence of the
properties of these particles depending on the preparation
conditions. CdS nanoparticles prepared in methanol with
low laser fluence have ultra-small size (less than 2 nm) with
a very narrow size distribution. The size and the size dis-
tribution increase noticeably by increasing the number of
laser pulses and by increasing the laser fluence. Increasing
the laser fluence also leads to a significant decrease in the
ablation efficiency. If Fe nanoparticles are initially present
in methanol, CdS nanoparticles can be formed with the pref-
erential aggregation number even at high concentrations
without affecting their physical and optical properties. The
properties of water molecules and the OH radicals severely
affect the size and optical properties of CdS particles gen-
erated in water. This effect does not impose permanent
structural changes and depends on the concentration of
the nanoparticles. It stays the same when Fe particles are
present but can be eliminated or reduced by adding a type
of surfactant material. In addition, the presence of CdS
and Fe/CdS nanoparticles in methanol does not lead to sig-
nificant changes in the value of the linear refractive index,
the chromatic dispersion, and the thermal properties of the
liquid.
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