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Effect of Silver Colloidal Concentration on
Morphology of Silver Nanostructures Prepared by
Chemical Reduction Method

Tabarak A. Al-Mashhadani, Firas J. Al-Maliki
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Abstract

In this work, the effect of concentration of silver colloidal solution on the morphology of silver nanoparticles
prepared from these solutions by chemical reduction method was studied. Different concentrations of silver
colloidal solutions were prepared (2x10-3, 3x10°3, 4x10 and 5x10- mol/L) and glass substrates were coated
with the prepared samples using dip coating. The change in color of the prepared colloidal solutions was
considered as a primary indication to the formation of nanoparticles within the solutions as well as the
aggregation of the formed nanoparticles. Scanning electron microscopy was used to determine the range of
particle size of the prepared silver nanostructures. It was found that the concentration is a primary tool to control
the range of nanoparticle size in order to serve certain applications of precious metal nanoparticle such as silver.
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1. Introduction

Silver nanoparticles (Ag NPs) exhibit
unique electrical, optical and magnetic
properties when compared to the bulk silver.
These properties make them excellent
candidate for a wide range of applications
[1,2]. Chemical reduction is the most
frequently employed method for the
preparation of Ag NPs as stable, colloidal
dispersions in water or organic solvents [3]. In
the aqueous solution, silver reduction occurs
and nano-sized colloidal silver ions are
produced [4]. The stability of any colloidal
dispersion is of paramount importance and
can be achieved by confining silver
nanoparticles in a sol-gel matrix [5].

Nobel metal nanoparticles show brilliant
colors due to the surface plasmon resonance
absorption [6]. The examination of the surface
plasmon resonance absorption is part of a
large ongoing research field to investigate
properties on the nanometer scale [7]. The
color of metal nanoparticles depends on the
shape and size of the nanoparticles and
dielectric constant of the surrounding
medium, leading to many studies on their
synthesis and applications [8].

ISSN 1999-656X (print) 2958-6488 (online)

© All Copyrights are reserved

The bottom-up method of wet chemical
nanoparticle preparation is based on reducing
metal salts, electrochemical pathways or
controlled decomposition of metastable
organometallic compounds [9]. Chemical
reduction methods to produce silver and gold
nanoparticles vary in the choice of silver
precursor or gold precursor, the reducing
agent and their relative quantities and
concentrations, the temperature, mixing rate,
duration of reaction, etc [10]. Using different
reagents and conditions for the synthesis large
variations in the particle shape, size and size
distributions may be expected. As for the
source of silver, several salts are applicable
[11], but silver nitrate is by far the most
adopted for fabricating silver nanoparticles
from silver salts, with the conditions for the
synthesis.

The stronger reducing agents lead to
produce smaller nuclei in the "seed" [12].
However, it is possible to obtain comparable
reaction rates and particle sizes by adjusting
the temperatures for the reactions. This will
lead to differences in the crystal structure and
thus the degree of crystallinity [13].
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2. Experimental Part

Synthesis of silver nanoparticles in this
work is based on a wet chemical method. The
synthesis starting point is producing a silver
nitrate (AgNOs3) solution. When AgNOs is
dissolved in a suitable solvent, it splits into a
positive silver ion (Ag®) and a negative nitrate
ion (NO™3). In order to turn the silver ions into
solid silver, the ions have to be reduced by
receiving an electron from a donator. The
following reactions illustrate the reduction of
Ag" in a solution of ethanol
Ag'(eq) t & — Ag)
2Ag+(eq) + C,HsOH + H,O — 2Ag(3) + CoHsO, + 3H*

After the silver germ is formed, it starts to
grow and continue the growth until the
equilibrium between the final nanoparticles
and the Ag® of the solution is reached [14].

There are a number of parameters that can
be adjusted in order to control the growth of
particles. For example, small particles can be
achieved by using a fast reduction agent such
as NaBHa. A fast reduction agent results in the
formation of many silver germs at the
beginning of the synthesis process. This high
amount of silver germs will shorten the time
required by the germs to grow and prevent the
formation of large nanoparticles. If the
solution is homogenous, the particles end up
within a narrow size distribution [15].

The silver (Ag) colloids were prepared
with different concentrations (2x107, 3x10°3,
4x107 and 5x107 mol/L) as follows. A 50 mL
starting solution of each concentration was
prepared and a 25mL of silver nitrate
(AgNO3) solution was added to 100mL H20.
On the other hand, a solution of 1% sodium
citrate (0.5g in 50mL H20) was prepared and
then a 125mL solution of AgNOs was heated
up to boiling at 97°C. At a moment of boiling,
2.5 mL of 1% sodium citrate solution was
added drop by drop as soon as boiling
commences. Heating continues until the color
of the solution changed to (pale yellow), as
shown in Fig. (1). Then, the solution was
removed from the heating source and left on
stirrer to cool down to the room temperature.

The mechanism of the preparation reaction

could be expressed as follows [16]:
4Ag+C6H507Nag+2H204> 4Ag0+C5H507H3+ 3Na+H+OzT
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In order to study the effect of reduction
time, the experiment was repeated for 3, 5, 7,
9, 11, 15, 20 and 25 minutes after boiling
point. The samples prepared after 9 minutes
were considered as the optimum.

Drop casting method was used for coating
of glass substrates with the prepared colloidal
silver nanoparticles in order to perform the
characterization tests on them.

Field-emission scanning electron
microscopy (FE-SEM) was carried out on the
prepared samples using an Inspect F50 FE-
SEM instrument in order to introduce the
effect of Ag colloid concentration on the
minimum particle size of the produced Ag
nanostructures.

3. Results and Discussion

It is clear from Fig. (2) that the color of the
colloidal solution is gradually changed from
light yellow to dark yellow, and finally
becomes dark brown. This change in color
confirms the formation and growth of silver
nanoparticles with different particle size up to
the aggregation. It is worth mentioning that
the yellow color of silver nanoparticles is
attributed to the surface plasmon resonance of
these nanoparticles in this region of
electromagnetic spectrum [17,18]. This
change in color is also related to the addition
of sodium citrate to the AgNOs solution.

Fig. (1) Photographs of the optimum samples prepared after 9
minutes reduction time with different concentrations of Ag
colloids (left to right: 2x107, 3x10°%, 4x10° and 5x10° mol/L)

The precious metal nanoparticles (such as
Ag) are very important for many
spectroscopic, medical and biomedical
applications as they provide exceptional
features based on their structure as precious
metals and on their sizes as nanostructures.
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Figure (2) shows the FE-SEM images of the
silver nanoparticles prepared in this work.
From the first sight to these images, a uniform
distribution of silver nanoparticles as
nanospheres can be seen with particle size
ranging within 15-66 nm. By looking
carefully to these images, it is possible to note
that the distribution of the nanoparticles is
regular when the concentration is low as the
particle size distribution gradually changes
from small to large aggregations. For more
explanation, the range of particle size will be
discussed for each sample individually. In
case of 2x10° mol/L concentration, the
particle size is ranging within 33.20-47.17 nm
with uniform distribution (Fig. 2a). In case of
3x102 mol/L concentration, the particle size is
ranging within 14.86-65.94 nm (Fig. 2b). In
case of 4x10° mol/L, the particle size is
ranging within 26.43-54.00 nm with a semi-
regular arrangement (Fig. 2¢). Finally, in case
of 5x107 mol/L, the particle size is ranging
within 32.17-46.29 nm (Fig. 2d). These results
give an indication that at a short reduction
time, the particle size is smaller than the case
of long reduction time. As well, the particle
size might be estimated from the color of
silver colloidal sample as the light yellow is a
result of smaller particle size, while the dark
yellow is a result of larger particle size.
Changing to brown color may be an indication
to increasing probability of aggregation
through the colloidal solution.
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Fig. (2) Images of FE-SEM of the samples prepared after 9
minutes reduction time with different concentrations of Ag
colloids (a) 2x107%, (b) 3x107, (c) 4x107 and (d) 5x107 mol/L

4. Conclusion

In this work, the effect of concentration of
silver colloidal solution on the morphology of
silver nanoparticles prepared from these
solutions by chemical reduction method was
studied. The change in color of the prepared
colloidal solutions gives an indication to the
formation of nanoparticles within the
solutions as well as the aggregation of the
formed nanoparticles. The concentration of
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silver colloidal solution is a primary tool to
control the range of nanoparticle size in order
to serve certain applications of precious metal
nanoparticle such as silver.
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Nanoparticles Irradiated with Electromagnetic
Radiation in Nonmetallic Hosts
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Abstract

In this work, highly pure metal oxide nanoparticles (CuO, NiO, and TiO2) were synthesized by a dc reactive
magnetron sputtering technique. Nanopowders were extracted from the prepared thin films using a freezing-
assisted ultrasound extraction technique. Also, multilayer thin films from the three oxides were prepared and
their nanopowders were extracted as well. The prepared nanopowders were embedded in a nonmetallic host
media and then irradiated with two different electromagnetic waves (x-ray and microwave). Optical microscopy
was carried out on the prepared samples before and after irradiation with electromagnetic waves. Results
showed that the prepared samples exhibit different responses to electromagnetic radiation that may be
successfully employed in spectroscopic and marking applications.

Keywords: Nanoparticles; Reactive sputtering; Radiation-matter interaction; Marking
Received: 6 September 2022; Revised: 10 October; Accepted: 17 October 2022; Published: 1 January 2023

1. Introduction

Nanoparticles are a class of materials with
properties distinctively different from their
bulk and molecular counterparts [1,2].
Nanoparticles have unique optical properties
that depend on their size and shape [3].
Excitation of such particles has a huge
practical interest for fabrication of different
media based on the properties and
characteristics of such nanostructures and
nanoparticles with unique optical properties
and devices based on them [4,5]. As the
properties of materials change as their size
come close to the nanoscale, the nanoparticle
size is similar to that of most biological
molecules and structures. This makes them an
interesting candidate for application in
biomedical research [6]. The final destination
of nanoparticles released in the environment
is determined by their mobility in the different
media (i.e., soil, water, air, etc.) as well as by
their potential to biodegrade or undergo
chemical transformation [7].

Nanotechnology can be used for various

biomedical applications such as
pharmaceutical excipients and drug delivery
[8,9], cancer treatment and in vivo

cytotoxicity [10], stable isotope tracing [11],
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bio-labeling and biosensors [12], medical
imaging [13], artificial organs [14], and
disinfection and sterilization [15].

Nanoparticles are used in biomedical
applications as they offer many advantages to
larger particles such as increased surface-to-
volume ratio and enhanced properties [16].
Their high surface area to volume ratio can
allow increased loading of therapeutics and
such properties makes nanoparticles desirable
for diagnostic and therapeutic applications
[17]. Because of inherent size advantages,
they can be used to probe more difficult-to-
reach regions [18]. In order to employ for
various nano medicinal  applications,
nanomaterials should be subjected to suitable
surface modifications, to enhance the
solubility and stability of nanosized materials
in media of different phase or density as well
as to impart them with biological properties
and functionalities [19].

2. Experimental Part

A homemade dc reactive magnetron
sputtering system was used in this work.
Three highly-pure Cu, Ni and Ti targets
(99.99%) were sputtered in presence of
oxygen to deposit CuO, NiO, TiO, and
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multilayer thin films on glass substrates. The
deposition chamber was initially evacuated
down to 0.001 mbar and then filled with gas
mixture of argon and oxygen with mixing
ratio of 1:1. The pressure of gas mixture was
about 0.15 mbar and the discharge current was
40 mA.

The optimum deposition time of thin films
was 3 hours, and the multilayer structure was
deposited at different deposition times as
follows, first layer was CuO deposited after 1
hour, second layer was NiO after 1:30 hours
and the last layer was TiO after 2 hours. More
details on the sputtering system and its
operation parameters can be found elsewhere
[20]. The deposited thin films were extracted
as powders by a technique known as

conjunctional freezing-assisted ultrasonic
extraction method [21,22].
In order to perform the marking

experiment, a small amount of highly-pure
nanopowder (CuO, NiO, TiO2 and multilayer
sample) was placed on a clean glass substrate,
and then covered with a thin layer of rubber
silicone. The substrate was then placed on a
plate heater until the rubber silicone melted
and the nanopowder sufficiently diffuse
through the molten. It was then left to cool and
solidify to form bulk sample, as shown in Fig.

(1).

Cuo //‘ > )\
-
e
NiO *Ii%
(=)
TiO; S
)
\ v/
Multilayer

75 NN
-
Fig. (1) Embedment o}_r1an0particles on silicone

The prepared samples (nanopowders in
rubber silicone) were irradiated with two
different electromagnetic waves; the first is x-
ray using a GE Silhouette VR Rad Room
instrument, with voltage was (40kV) and mass
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was (1mAs). The second is microwaves using
a Morphy Richards AM925EF instrument,
with power of 1400-1450W. The exposure
time in both cases was 30 s.

The optical microscopy images of the
samples were taken before and after
irradiation using a XSZ-N107T optical
microscope connected to a MC500 digital
camera and personal computer. The
dimensions (width and depth) of the samples
were determined by the optical microscope at
magnification power of 160/0.17.

3. Results and Discussion

Figure (2) shows the pictures of samples
copper oxide (CuO), nickel oxide (NiO),
titanium dioxide (TiO2), and multilayer
structure (M), were taken Dby optical
microscopy before and after irradiation by x-
rays for 30s. Pictures of samples were taken
by optical microscopy for same dimensions
(width and depth) and power of magnification
(160/0.17) for all samples. A clear response of
the  nanoparticles was observed to
electromagnetic radiation (X-ray). Because
metal, and metal oxide has a high ability to
absorb the energy of X-ray, but its presence
inside the silicone host leads to the absorption
of part of the X-ray energy by silicone, and
thus the silicone heats up and becomes more
transparent. So, the nanoparticles became
clearer.

Figure (3) shows the pictures of samples
before and after irradiation with Microwave
for 30s, copper oxide (CuQ), nickel oxide
(NiO), titanium dioxide (TiO2), and
multilayer structure(M), were taken by optical
microscopy at same dimensions (width and
depth) and power of magnification (160/0.17)
for all samples. A clear response of the
nanoparticles was observed to
electromagnetic  radiation  (microwave).
Because nanoparticle (metal, and metal oxide)
has ability to absorb the energy of Microwave,
and convert it into vibrational energy. So, the
aggregations has separated and became more
organized.
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(d) Multilayer sample
Fig. (2) Microscopic images of prepared samples before (left)
and after (right) irradiated with electromagnetic waves (x-ray)
(a) CuO (b) NiO (c) TiO, (d) multilayer sample
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(d) Multilayer sample
Fig. (3) Microscopic images of prepared samples before (left)
and after (right) irradiated with electromagnetic waves
(microwaves) (a) CuO (b) NiO (c) TiO, (d) multilayer sample

1. Conclusion

In concluding remarks, High structural
purity of the metal oxide samples as well as
the multilayer samples was confirmed as no
traces for other materials or compounds found
in the final samples. This is attributed to the
advantages of the DC reactive magnetron
sputtering system used in this work. The
multilayer samples can be used for tracing and
marking  applications as they show
responsible fluorescence when excited by
different wavelengths, especially the green
light that represents the central region of
electromagnetic spectrum. The prepared
nanoparticles show sufficient response to the
irradiation with X-ray and Microwaves as
confirmed by the microscopic
characterization. This response can be
successfully ~ for  environmental  and
biomedical applications.
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Abstract

In this work, the field-emission scanning electron microscopy (FE-SEM) and energy-dispersive X-ray
spectroscopy (EDX) were performed on the nitrogen-doped titanium dioxide (N-doped TiOz2) and cobalt oxide
(Co0304) nanostructures prepared by dc reactive magnetron sputtering technique. Results of the FE-SEM
showed that the N-doped TiO2 sample exhibits homogeneity of particle distributions and the minimum particle
size was found 28.09 nm. As well, the CosO4 sample contain spherical nanoparticles with minimum particle
size of 37.32 nm. The EDX results showed that the weight percentages of Ti, O and N in the final N-doped
TiO2 sample were 49.1%, 40.7%, and 0.9%, respectively, which may confirm the role of nitrogen as dopant in
the structure of TiO2. Also, the EDX results showed that the elemental composition of the CosO4 sample consist
of 72.3% Co and 19.9% O3, which is corresponding to the structural phase of Co3Oa4.
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1. Introduction

Electrochromic materials is the materials
that change its color when an electric field is
applied [1]. These materials can be either
organic or inorganic materials [2], the organic
materials suffer from leakage problems when
they operated in their liquid phase [3], while
the inorganic materials have a good
electrochemical  reversibility,  chemical
stability and high coloring efficiency where
organic EC materials display poor durability
[4]. There are two different types of EC
materials which are classified in accordance
with the coloration mechanisms [5,6]:
- Cathodic EC materials, which are coloring
under ion insertion *’reduction process’’
- Anodic EC materials, which are coloring
under ion extraction *’oxidation process’’

Most non-metal elements such as B, C, N
and F have also been used as dopants in TiO2
photocatalysts [7-11]. Nitrogen-doped TiOz is
by far the most intensively studied system
among the other non-metal doped materials.
The N atoms can be easily introduced to TiO>
lattice due to their comparable atomic size to
oxygen, small ionization energy and high
stability [12]. TiO2 doped with non-metal (N-
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atoms) at oxygen sites serve as charge
(electrons and holes) trapping sites to reduce
electron hole recombination rate .and allow
absorption into the visible region due to the
introduction of dopant impurity level in TiO2
band gap. Thus, the photocatalytic
performance is enhanced compared to
undoped photocatalyst [13,14]. Titanium
dioxide is doped with nitrogen could reduce
the band gap of TiO> and improve its
photocatalytic activity in the visible-light
region [15,16]. Thus, can be used as
photoelectrochromic layer of PECD.

Cobalt Oxide nanostructured have a wide
range of applications due to their shape
dependent activities and unique size , optical,
magnetic, electronic, chemical,
electrochemical , mechanical properties [17-
19]. The preparation and characterization of
cobalt oxides have been extensively studied
due to attractive applications in batteries, solar
cells, catalysis, corrosion protective coatings,
magnetic nanostructures and magnetic storage
systems, electrochromic. Cobalt oxide has
been reported to be a good anodic coloration
material for the EC application [20,21].
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Transparent conducting oxide (TCO) layer
iIs made of a transparent material with low
resistivity deposited on a top of substrate. The
main role of TCO is to conduct electrons to
and out of the adjacent electrochromic layer.
The sheet resistance should be less than 20
Q/sq is needed with more than 85 %
transmission in the visible region of the
spectrum. The materials are typically tin-
doped indium oxide (ITO), antimony-doped
tin oxide or fluorine-doped tin oxide (FTO)
and/or Aluminum doped Zinc oxide (Al-ZnO)
deposited on glass or flexible substrate are
used [22]. ITO is conductive and transparent
for wavelengths near the UV-Visible region
and acts as a transparent conducting electrode
in PECD [23,24].

In this work, the field-emission scanning
electron microscopy (FE-SEM) and energy-
dispersive x-ray spectroscopy (EDX) were
performed on the nitrogen-doped titanium
dioxide (N-doped TiO2) and cobalt oxide
(Co304) nanostructures prepared by dc
reactive magnetron sputtering technique for
photoelectrochromic devices.

2. Experimental Part

A dc reactive magnetron sputtering system
was use to prepare thin films of N-doped TiO>
and Cos04 on borosilicate substrates. Highly-
pure titanium and cobalt sheets were used as
targets to be sputtered. In order to prepare N-
doped TiO- thin films, highly-pure nitrogen
gas was mixed with the argon and oxygen in
the gas mixtures with mixing ratio (Ar:02:N>)
of 76:19:5. This low content of nitrogen was
appropriate to ensure the doping of titanium
dioxide structures with nitrogen and not to
form dominant titanium nitride. The operating
parameters were inter-electrode distance of 4
cm, applied voltage of 2.5 kV, discharge
current of 40 mA and deposition time of 3
hours. These parameters were the same used
to prepare Co304 thin films but using Ar:O>
gas mixture only with mixing ratio of 60:40.

The nanopowders were extracted from the
thin film samples using the conjunctional
freezing-assisted ultrasonic extraction method
was employed to remove nanopowders from
the deposited thin films. This process may be
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used to extract nanopowders from deposited
thin films using PVD technologies. This
technique is quick, low-cost, reliable, and
extremely clean, making it ideal for large-
scale samples [25].

Field-emission scanning electron
microscopy (FE-SEM) was performed on the
prepared samples as nanopowders using an
Inspect F 50 FE-SEM instrument, which is
integrated with a PHENOM PURE 30000X
instrument to perform EDX spectroscopy on
the prepared samples. This technique is used
for imaging the nanostructures on the surface
of the prepared sample and determining the
elemental composition of these
nanostructures.

3. Results and Discussion

The FE-SEM images of the N-doped TiO:
and Co304 samples prepared in this work are
shown in figures (1) and (2), respectively. The
N-doped TiO, sample exhibits homogeneity
of particle distributions, which is one of the
most important advantages of dc magnetron
sputtering technique used for synthesis of
nanostructures. The inter-space between
nanoparticles, which is an inevitable result to
the presence of gas species (N) within the
structure [24]. The minimum particle size was
found 28.09 nm.

Fig. (1) FE-SEM image of N-doped TiO, thin film sample
prepared in this work

The FE-SEM image in Fig. (2) shows that
the Co0304 nanoparticles are spherical with
minimum particle size of 37.32 nm, and the
aggregated particles indicating a good
connectivity between these nanoparticles. The
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nanoparticles can form complex assemblies
referred as aggregates, which typically consist
of particles in the nanoscale (5-50 nm). They
are held together by weak forces arising from
the van der Waals, van der Waals leads to an
electrostatics effect through the residual
charge of the structure. Ambient humidity
plays an important role in determining the
fundamental mechanical response and
dynamics of these assemblies [26,27].

Fig. (2) FE-SEM image of Co30, thin film sample prepared in
this work

The energy-dispersive x-ray (EDX) spectra
of the prepared sample was recorded and
analyzed as shown in figures (3) and (4). The
summary of the elemental compositions of
both samples are presented in the tables below
these figures. The EDX spectrum in Fig. (3)
revealed the presence of titanium, oxygen and
nitrogen atoms in the final sample and thus the
formation of N-doped TiO thin films was
confirmed. With the existence of Ti, O and N
in the final sample, the weight ratio of Ti was
found to be 49.1%, 40.7% for O and 0.9% for
N. The 9.4% of carbon is resulted from
handling the sample inside the instrument.

According to Fig. (4), the major peaks are
for the Co and O forming the cobalt oxide
sample, and the minor peak attributed to the
C. The elemental composition of the cobalt
oxide nanostructures shows 72.3% of cobalt,
19.9% of oxygen corresponding to the
structural phase of CosO4 and 7.8% of carbon.
Using sputtering technique, the formation of
nanostructures with required composition can
be controlled by controlling the gas mixing
ratio. Also, many metal oxides can be
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prepared by sputtering technique with good
control of their compositions.

ko, N, Ti

800~
- C
600-

400-

S
200-
Ti

OeV 5 kel 10 keV

Element | Atomic % |Weight % | Weight % Error
C 17.7 94 0.2
N 14 0.9 0.4
(6] 57.7 40.7 1.0
Ti 23.2 49.1 1.2

Fig. (1) EDX spectrum of N-doped TiO, thin film sample
prepared in this work

'S Co
k-
4

2k-

0 - - i _Co-esc i .
OeV 5 keV 10 keV

Element | Atomic % |Weight % | Weight % Error
C 20.8 7.8 0.2
0 39.9 19.9 0.2
Co 39.4 72.3 0.4

Fig. (2) EDX spectrum of Co3O, thin film sample prepared in
this work

4. Conclusion

In  concluding remarks, highly-pure
nanostructures of doped metal oxide (e.g., N-
doped TiO, and undoped metal oxide (e.g.,
C0304) can be prepared using dc reactive
magnetron  sputtering  technique. The
specifications of the prepared nanostructures
can be considered as high quality for some
applications requiring high structural purity
and uniform shape such as
photoelectrochromic  devices and smart
windows. The preparation process presented
in this work can be described as low-cost,
highly reliable, and highly reproducible.
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Abstract

In this work, the laser-induced breakdown spectroscopy (LIBS) technique was used to introduce the elemental
composition of tooth samples and hence evaluate the progressive growth as a diagnosis tool in dentistry. Results
have shown the potential use of the LIBS technique for discriminating between wisdom teeth tissue of women’s.
The concentration matrix elements (Ca and Na) and non-matrix elements (other elements) increase in women’s
age group less than 30 year. This technique is highly reliable, flexible and appropriate for local treatment and

diagnosis.
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1. Introduction

Light emitting plasmas have been studied
in earnest since the 1920s, and laser induced
plasmas since 1960 [1]. Laser Induced
Breakdown Spectroscopy (LIBS) is basically
an emission spectroscopy technique where
atoms and ions are primarily formed in their
excited states as a result of interaction
between a tightly focused laser beam and the
material sample. The interaction between
matter and high density photons generates
plasma plume, which evolves with time and
may eventually acquire thermodynamic
equilibrium [2]. LIBS has become of interest
to many researchers owing to its unique
properties such as minimal time duration of
preparing the sample, low cost capability of
being used in all three states of materials, and
its nondestructive nature [3]. This method is
used to detect corpse’s bones and humans’
fossils. It is also used to detect backgrounds
characteristic like age and statues of bodies
[4]. This method is used in dentistry to detect
the caries parts of a tooth, and also in teeth
modification. Spectral analysis plasma glow
made by pulse laser can be used safely and
accurately to monitor the occurrence of cancer
[5-7]. Due to the increase use of lasers in

ISSN 1999-656X (print) 2958-6488 (online)

© All Copyrights are reserved

clinical dental practice, LIBS can be achieved
to create one-dimensional or two-dimensional
concentrations maps as a function of location
or depth which permits the study of elements
distribution.

Teeth help you chew your food, making it
easier to digest. Each type of tooth has a
slightly different shape and performs a
different job. Types of teeth include:

Incisors are the eight teeth in the front of
your mouth (four on top and four on bottom).
These are the teeth that you use to take bites
of your food. Incisors are usually the first teeth
to erupt at around 6 months for your baby
teeth, and between ages 6 and 8 for your adult
set.

Canines are the next type of teeth to
develop. These are your sharpest teeth and are
used for ripping and tearing food apart.
Primary canines generally appear between 16
and 20 months, with the upper canines coming
in just ahead of the lower canines. In
permanent teeth, the order is reversed, with
lower canines erupting around age 9 and the
uppers arriving between ages 11 and 12.

Premolars are used for chewing and
grinding food. Adults have four premolars on
each side of their mouths — two on the upper
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and two on the lower jaw. There are no
primary premolars; the first premolars appear
around age 10, with the second premolars
arriving about a year later. These take the
places of the first and second primary molars
(described below).

Molars are also used for chewing and
grinding food. Primary molars, also known as
deciduous molars, appear between 12 and 28
months, and are replaced by the first and
second premolars (four upper and four lower)
described above.

Wisdom teeth, or third molars, are the final
teeth to develop. Most of us have four wisdom
teeth, one in each corner of the mouth. They
usually emerge during our late teens or early
twenties [9].

Often times, wisdom teeth become trapped
or impacted in the jawbone or simply fail to
erupt. This can cause crowding or
displacement of other teeth or lead to the
development of localized tooth decay,
infection, or gum disease. Impacted wisdom
teeth are set in the jawbone in unusual
positions, sometimes horizontally, which
stops them from erupting in a normal way.

Electron temperatures can be calculated
using intensities of same species according to
Boltzmann equation [10].

Iiidji E; hc Ny
In (A]jig]j> - kTe]xc + ln(47T U(T)) (1)
where Iji is the intensity of the spectral line of
the transition from level j to i, Aj is the
wavelength, Aj; is the transition probability, gj

is the statistical weight, Ej is the energy value
of higher level, and Texc is the excitation

temperature. Thus, a plot of In (”f%)versus
Jid]

the energy of the upper level E; yields a

straight line called Boltzmann plot, its slope is

equals to — (KTexc) *.

According to the Saha-Boltzmann equation
electron density can be deduced from the
intensity ratio of two lines matching to
different ionization stages [10, 11].

Ne =

2(2mmekT)> /2 ThnAjig!!
h3 I]%Amngin

where Em and Ej are the upper level energies

of neutral and single ionized transitions, Eion

e —(Eion +E]I'I_E11n)/kT (2)
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is the ionization energy and n. is the electron
density.

2. Experimental Part

Samples of wisdom teeth were supplied by
the dental clinics in Yarmouk Hospital
(Baghdad, Irag). They were washed in sodium
hypochlorite diluted with distilled water for
15 min to remove contamination from the
outer surface, dried at room temperature, and
then they were preserved in formalin solution.

The optical emission spectra for plasma
ablated near teeth samples surfaces were
recorded using LIBS experimental system
shown in Fig. 1. It consists of pulse Nd: YAG
laser of 10 ns duration, 10 Hz pulse repetition
frequency, using wavelength of 1064nm,
with energy (400 mJ). The laser beam was
focused on the surface of the sample which is
located at the focal length of a converging lens
(f=10 cm). Optical fiber adjusted at 45° with
beams directed at 5 cm distance from the
sample where plasma was generated.
Spectroscopic information was obtained from
the laser induced targets plasma spectra in air,
under atmospheric pressure. Each spectrum
was obtained over a 150-1000 nm wavelength
range.

Fig. (1) The conventional L1BS system configuration

3. Results and Discussion

The results obtained from wisdom teeth
for women’s showed statistically significant
differences for Ca, K, Na, Zn, Mg and Sr.
Concentrations of Ca, K and Na were higher
in females age group less than 30 year, while
the atomic lines intensities of these elements
decreased at age group above 30 year.
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Figures (2) and (3) show LIBS spectra of
wisdom teeth for women’s in spectral range
150-1000 nm at energy of 400 mJ
respectively.

—400 mJ
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Cal5503
Cal616.19
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Zn1636.3

450
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Fig. (2) LIBS spectrum of wisdom tooth for women’s age group
less than 30 year at 400mJ

400mJ

Call 393.77

K153098

—— Nall 317.53

Cal 373.67
Sr1429.87

Mgl 447.25

Sr1279.44

450 =0 650
Wavelength (nm)

Fig. (3) LIBS spectrum of wisdom tooth for women’s age group
above 30 year at 400mJ

Also, these elements Ca, K, Na, Mg, Zn
and Sr were detected in the wisdom teeth for
women’s at age group 40 year and above.
Changes of the elements relative composition
of teeth are different with age group.

Figures (4) and (5) show the LIBS spectra
of wisdom teeth for women’s at age groups 40
year and (above 40) respectively. It can be
observed that the relative intensity of the
elements Ca, K, Na and Zn are higher in
women’s age group 40 year than in women’s
age group above 40 year. Also a high content
of Sr and Mg was detected in the wisdom
teeth.

4. Conclusion

The results of the present work have shown
the potential use of the LIBS technique for
discriminating between wisdom teeth tissue of
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women’s. The concentration matrix elements
(Ca and Na) and non-matrix elements (other
elements) increase in women’s age group less
than 30 year. Exploiting the changes in
concentration ratios between the matrix
elements (Ca and Na) and non-matrix
elements (K, Zn, Mg and Sr), represented by
the relative changes in the line intensities as
seen in the LIBS spectra, of different ages.
The concentration of several atomic elements
in wisdom teeth samples decrease with age.
Negative correlation for Ca and Na content in
wisdom teeth samples with age was noticed.
The Ca concentration increases in young
women’s compare with old woman’s. Further
developments could introduce LIBS allowing
the dentist to monitor and control the
problems of teeth during laser drilling of
tooth.
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Fig. (4) LIBS spectrum of wisdom tooth for women age group 40
year at 400mJ
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Fig. (5) LIBS spectrum of wisdom tooth for women’s age group
above 40 year at 400mJ
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Electrical Characteristics of CulnSTe Thin Films
Prepared by Quenching-Assisted Vacuum Coating
Technique
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Abstract

In this work, the role of substrate temperature on the electrical characteristics of CulnSTe/CdS thin film
heterojunctions was investigated. The frequency and temperature dependencies upon AC conductivity were
investigated in the frequency range 100Hz-10MHz and temperature range of 303-453K. The AC activation
energy was found to increase from 0.1132 to 0.1258 eV with increasing substrate temperature from 293 to
423K and to decrease to 0.0962 eV with increasing frequency from 100 to 107 Hz. The exponents show a
nonsystematic sequence with the increment of substrate temperature. The obtained results gave indication that
there is a relation between the structure and preparation temperature as well as heat treatment. The current-
voltage characteristic of CulnSTe/CdS heterojunction under illumination shows that the CulnSTe/CdS

produced at 423 K is the best one.
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1. Introduction

The quaternary compounds (CulnSeTe,
CulnSeS and CulnSTe) are considered as
absorbing materials for solar cell applications.
There are few data available about their bulk
material properties [1-3] as well as thin films
[4,5-7]. The available data refer that there is a
strong dependence between their structure and
preparation conditions, which may be due to
the amorphous nature as well as the
dependencies of their properties on the
ambient  conditions. Solaiman has
investigated the electrical properties [8] and
optical properties [9] for CulnSTe, CulnSeTe
and CulnSeS thin films.

The present paper is devoted to perform
quaternary alloy of CulnSTe and then to
prepare thin films at various substrate
temperatures and point out the dependencies
of dielectric properties on deposition
condition using relation between the
preparation temperature and these properties.

2. Experimental Part

The alloys of CulnSTe were prepared by
quenching technique. The exact amount of
high purity (99.999%) copper (Cu), indium
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(In), selenium (Se) and tellurium (Te) of about
99.9999% elements, in accordance with their
percentages, are used. The mixed elements are
sealed in evacuated (~103torr) quartz
ampoule (25cm in length and 8mm internal
diameter). Ampoules containing the elements
were heated up to 1273K and frequently
rocked at the highest temperature for 10 hours.
The quenching was done in water
immediately after taking out the ampoules
from the furnace. Edward vacuum coating
system was used to deposit CulnSTe films at
different substrate temperatures (303, 373 and
423K).

Aluminum electrodes with thickness of
200nm were deposited on each adjacent
surfaces of specimen by thermal evaporation
technique under pressure of 10 Torr using an
Edward E306A coating unit. The specimen
was fixed in a holder and placed into
temperature-controlled oven (type Heresies
electronic). High and low holder terminals are
connected to dielectric analyzer (type
Hewlett-Packard HP4274A & HP4275A), the
third holder terminal was connected to the
earth. The dielectric parameters like total
resistance (Rr), total capacitance (Ct) and
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dissipation factor (tand) were measured (in
parallel mode) under certain frequency range
102-10° Hz. The AC conductivity (cac) has
been estimated from the obtained dielectric
data using the following relation:

€2= 6ac/ €o 1)
where the dielectric constants (g1 and &) can
be calculated using the following relation:
e=Ct/e A (2)
where C is the capacitance, € IS the
permittivity of free space, t is film thickness,
is the angular frequency, A is the effective
area for capacitance, and ac is the AC
conductivity given by:

O 0 = WEE, tan o @3)

where tand is the dielectric tangent loss

The conductivity measured with an AC
technique is given by:

6 (0,T) = 64e(T) + a(T)w® (4)

The first term o4c(T) in EQ. (5) is the direct
current or DC  conductivity, ©=0,
conductivity, while the second term a(T) is the
temperature-dependence factor and “s” is an
exponent in the range 0<s<1. This equation
estimates that if the first term is less than the
second term, then o(w,T)xw®, so that the plot
diagram of ¢ versus log(w) is a straight line
with slope s. While if the first term is larger
than the second term (with increasing
temperature), then the plot of ¢ versus o in log
scale should give a horizontal straight-
line.The current-voltage measurements in the
dark were done for the CulnSTe/CdS
heterojunction  using  Keithley digital
electrometer 616 and D.C. power supply .The
bias voltage was varied in the range of -1 to
1V in the case of forward and reverse bias.

3. Results and Discussion

Figure (1) shows the angular frequency
dependence of total conductivity otot(w) for
CulnSTe films deposited at different substrate
temperatures in the heat treatment range 303-
453K. It is clear that there is proceeding
increase of oot(®) that increased in the whole
frequency range, i.e., the AC conductivity,
and the dominated or, opc conductivity is
much lesser than the oac, which indicates that
the electronic polarization and the
conductivity is purely AC.
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Fig. (4) Variation of Ln(o) with Ln(®) for as deposited
CulnSTe thin films and annealed at different temperatures

The exponent s, which is the slope of
dLn[otot(®)]/d(w) decreases with increasing
substrate temperature (Ts) in the low
temperature range, while s increases at
elevated temperatures, i.e., 423K, with
increasing of Ts. The value of s increased with
increasing heat treatment temperature of films
deposited at Ts=373K. Also, s showed
progress decreasing with oven temperature for
samples deposited at 423K. Thus, the suitable
models for these samples are SP and CBH,
respectively.

The AC activation energy, Eac, for
CulnSTe films are estimated from the drawing
of Lnowt(w) against the reciprocal absolute
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temperature, as indicated in Fig. (2). The
results show that each sample declared one
Eac. On the other side, there is a direct relation
between Eac and frequency, while there is an
inverse relation between Eac and Ts. The Eac
decreases from 0.1132 to 0.0962eV, while it
increases from 0.1132 to 0.1258eV with
increasing frequency from 1kHz to 100kHz as
well as increasing substrate temperature from
293 to 423K, respectively. The increase in
frequency results in an increase of vibrating
energy and hence the Eac values will be
decreased. This indicated that conductivity is
purely AC, while the elimination of the
localized states and vacancies explained the
increase of Eac with increasing Ts. Seto’s [10]
proposed the presence of large amount of
trapping states at the grain boundary that able
to capture free charge carries. These charged
states at grain boundary create potential
barriers, which oppose the passage of carriers
from grain to neighboring ones, where their
sites increase with increasing Ts, which
resulted in decreasing conductivity or
increasing Eac values.

Variation of current under illumination at
different power density with biasing voltage
of p-CulnSTe/n-CdS thickness of 700nm
deposited at various temperatures (303, 373
and 423) K is plot in Fig. (3). It is obvious that
photo current increases with basing voltage
which reflect the rectifying properties i.e. the
cell permit current to pass at forward biasing
but there is no current at reverse biasing
except the saturation current. The
photocurrent increases exponentially for
forward biasing , there take place due to due
to high level injection of carriers such that the
applied voltage is no longer totally developed
across the depletion region while break down
can occur at the high reverse biasing as a result
of impact ionization or Zener tunneling. These
mechanisms can be separated by temperature
dependence.

It clear that increasing of depositing
temperature had significant effect on the
illumination current, i.e., there is valuable
increment in the illumination current at
elevate substrate temperature, this arise from
the phase transformation from amorphous to
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crystalline structure, the illumination current
of exhibit to increase with the increase of Ts
as a result of increase of grain size values.
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Fig. (2) Variation of Ln(ct) With 1000/T for CulnSTe thin films
deposited at different substrate temperatures

The Voc tends to vary in nonsystematic
sequence with Ts, i.e., Voc increases and
decreases with increasing Ts, and its increase
resulted from decreasing of electron affinity
between the CulnS and Te system and CdS
layer, while the decreasing of Vo ascribes to
increasing of y between the two layers of the
junction. Anyway the high values Voc and lsc
at Ts =423K for CulnSTe/CdS indicates that
this junction at this condition of preparation is
the most suitable for solar cell fabrication. For
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photocurrent consideration which is equal to
short circuit current s, the smaller band gap
the better because mare photons are collected.
It is found that maximum efficiency can be
obtain when the band gap lie in the range (0.8-
1.4eV). The ideal efficiency increases
primarily due to the increasing of Voc while
the photocurrent is increased linearly with the
intensity [11].
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Fig. (3) I-V characteristics for p-CIS'T/n-CdS heterojunction
with t=700nm at different substrate temperature and power
density
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4. Conclusion

From the results obtained from this work,
it can be concluded that the as deposited
CulnSTe thin films deposited at elevated
temperature are type p-type. It is evident from
the polarizability values that CulnSTe thin
films can be used as resistor in electronic
circuits.
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