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1. Introduction
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Fabrication and Characterization
of Gas Sensors from ZnS/Porous
Silicon Heterojunctions

ZnS-PSi heterojunction based gas sensor was fabricated in this study. ZnS thin film
as the active materials over PSi substrate was synthesized by spray pyrolysis
method. The effected of different concentration of ZnS (0.1M, 0.3 M and 0.5 M) on
the characterization of the sensor have been investigated. The XRD results show
that the ZnS has a hexagonal structure. SEM images were revealed that the ZnS
as a circular grains with different sizes is synthesized over the PSi substrate. The
electrical properties of the prepared sensor were proved that the sensitivity of the
sensor is improved by increasing the concentration the ZnS. Furthermore, the ZnS-
PSi heterojunction based gas sensor display high sensitivity and fast response and
recovery times. The maximum sensitivity is found to be 5.11 when the ZnS
concentration is 0.5 M compared to the sensitivity of 3.14 when the ZnS
concentration is 0.1M. The ZnS-PSi heterojunction based gas sensor may be used
for UV-light photo-detectors due to a valuable properties such as high sensitivity
and fast response.

Keywords: Porous silicon; Zinc Sulfide; Heterojunction; Gas sensor
Received: 08 January 2024; Revised: 11 March 2024; Accepted: 18 March 2024

possibility of obtaining high homogeneity and

Zinc sulfide (zZnS) is an inorganic semiconductor
that has a wide direct bandgap (3.5-3.9eV). It possess
a good thermal stability and high electronic mobility
which is belonging to the halogen elements of the
periodic table 11-VI. The ZnS is attracted a lot of
researchers, especially in the applications of
ultraviolet light-emitting diodes (LEDs) [1], high
carrier mobility, biosensors , solar cells and gas
sensors [2]. The ZnS mixture shows two types of
natural crystal shapes which are the cubic and the
hexagonal shape. The cubic shape has a lattice
constant of 0.541nm and is good match with Si.
Therefore, an effective and homogeneous film of ZnS
can be grown over the silicon substrate [3,4].
Moreover, an increase in the sensitivity of the gas
sensor can be expected due to the increase in the
absorbance of the molecules on the Porous Silicon
(PSi) layer. Thus, PSi is used as bases instead of
silicon wafers [5,6]. Several methods are used to
synthesis the ZnS thin films such as, CVD, PECVD,
sputter coater, sol-gel and spray pyrolysis [7]. Among
of these methods, the spray pyrolysis method is easy
to handle with, simple and inexpensive which is no
need to complex devices. In addition, it is considered
one of the most important methods for depositing a
variety of materials in the form of a thin film [8].
Furthermore, high-quality thin film could be obtained
using this method by controlling the temperature and
the distance be-tween the substrate and the deposited
materials. Also, the spray rate allows us to control the
size of the droplets with homogeneously distribute
along of heated substrate [9]. In addition, the PSi is
attracted great attention due to its photoluminescence
at room temperature in the visible light range [10].
Various techniques based chemical reaction are used
to synthesis PSi over the surface of silicon (Si). The
most widely used technique is the electrochemical
etching method (ECE) because of its low cost and the
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compatibility where alignment is required to initiate
the chemical reaction [11]. The second method is
photochemical reaction (PCE) via laser-induced
etching which results in well-controlled light
emission properties of the porous layer. The third
method is photo-electrochemical etching (PECE),
which is used to form and enhance the properties of
the nanostructure layers for a wider PL range. The last
method is spot etching of the silicon wafer in a
solution based on HF:HNO3:H;O.The process of
forming ZnS over PSi is carried out by spray
pyrolysis method. This method is allow the form the
particles size in nanoscale. Additionally, the
concentration of the solution can be controlled easily
to produce a final particle size that interested with.
Using the spray pyrolysis, the process can be
completed in short time just with a few seconds with
high efficiency and homogeneous lattice compared to
the other methods. [12,13]. The aim of this work is to
fabricate the ZnS/PSi heterojunction as a sensor to
detect NO, gas. The structural properties (XRD),
surface properties (AFM and SEM), electrical for the
fabricated sensor are studied.

2. Experimental Work

Porous silicon substrates were obtained by
electrochemical etching of p-type (111) oriented
silicon (c-Si) wafers with a resistivity of 1-10 Q cm.
Silicon wafers were cleaned with propanol and
alcohol using an ultrasonic bath for 5 min. The c-Si
wafers were rinsed with de-ionized water, dried with
N2 flux, after that the samples immersed in mixed
hydrofluoric acid (20%HF) and ethanol (99%). The
anodizing cell consists of two cylinders made from
Teflon with identical diameters. The upper layer
contains a cylindrical cavity designated for the
etching solution, while the lower layer is completely
solid. The circle metal made from Stainless-steel is
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placed on the lower cylinder and the Si wafer is
placed on it and filled with an etching solution as
shown in Figure 1a. The etching time was carried out
for 5, 10, 15 min and the current density is fixed with
12 mA/cm? .

ZnS thin films over p-Si substrates was obtained
by spray pyrolysis method. Zinc chloride (ZnCl,) and
sodium sulfide (Na,S-Sigma Aldrich, reagent grade,
97% purity) were used as the source materials to
produce the ZnS thin film. The ZnCl, and NayS were
mixed in de-ionized water solutions at (0.1, 0.3 and
0.5M) as shown in table (1). The stirrer time of
acetate solution was 40 min at room temperature.
Next, the mixture was heated up to 85°C for one hour
by magnetic stirrer. The final products were deposited
over the glass substrates by chemical spray pyrolysis
at 300°C and at the atmospheric pressure of 7.5 bar as
shown in Fig. (1b). The reaction was investigated by
the following equation [14]:

Nazs(aq)+ZnCI2(aq)—>ZnS(s)+2NaCI(aq) (1)

Table (1) Preparation parameters of ZnS thin films

Concentration (mol) | 0.1 0.3 0.5
Weight (gm) ZnCl, [ 0.272 | 0.544 | 0.81789
Weight (gm) NazS 0.158 | 0.316 | 0.474
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Fig. (1) (a) Electrochemical cell setup, and (b) spray pyrolysis
setup
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3. Results and discussion

The XRD patterns of the ZnS thin film deposited
on glass substrates at concentrations of 0.1, 0.3 and
0.5M are shown in Fig. (2). It can be seen from this
figure that all spectra show the peaks related to (111),
(002), (110), (220) and (311) orientations
corresponding to zinc-blende hexagonal structures
according to JCPDS card No. 00-001-0677 wurtzite
ZnS structure with an angle (20) equal to 31.13°,
27.32°, 38.06°, 48.31°, and 57.81°, respectively [15].

T T T
N ~ b

& 28 (deg)
(b) 0.3 M

Mt

Y T
0 e

© 20 (deg) LS
(c)0.5M

Fig. (2) XRD patterns of ZnS thin films deposited on glass
substrate at concentrations of (a) 0.1M, (b) 0.3M and (c) 0.5M
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Figure (3) shows the XRD pattern of ZnS/PSi
heterojunction when the concentrations of ZnS are
0.1, 0.3 and 0.5M, respectively, at etching time of 10
min. It can be seen from Fig. (3a) that the PSi layer
remains crystalline on planes of (111) and (002) with
diffraction angle of 29.13° and 27.38°, respectively,
which belong to wurtzite ZnS structure. Figure (3b)
illustrates the peaks (002), (111) and (106) when the
ZnS concentration of 0.3M which corresponding to
diffraction angle 26.56°, 26.56° and 32.591°,
respectively. Figure (3c) shows the diffraction angles
of 30.06°, 27.27° and 38.06° belonging to (111),
(002) and (110), respectively, when the ZnS
concentration is 0.5M. It can be noted that the PSi
peak is shifting slightly to small diffraction angle with
increasing concentration. The FWHM of the peak is
directly proportional to the crystallite size as shown
in table (2).

The crystallite size (L) of PSi was calculated by
Debye-Scherrer’s formula [16,17]

kA

= 2
Bcosé @
where 4 is the x-ray wavelength, g is the full-width at
half maximum (FWHM), and @ is the Bragg’s angle

Figure (4) shows the surface morphology (2D and
3D) of porous silicon at different etching times (5 and
15 min). These images clearly show that the porous
silicon with tightly branched pores has a sponge-like
structure. Furthermore, the pore diameter and
roughness of the surface increase with the increasing
of etching time. This is attributed to extreme
dissolution of PSi. Also, the porous silicon structure
can be observed by uniform porosity structure with
different pore diameters on the entire surface [18]. As
a result, etching time may be employed to change the
size and form the final pore structures. The average
roughness of the pours is found to be 24.65 and 42.84
nm at etching time of 5 and 15 min, respectively.
Figure (5) shows 2D and D AFM images of ZnS
deposited on porous silicon substrates at
concentration of 0.1M and different etching times (5
and 15 min). It is clear that the pore size expands
when the ZnS heterojunction is synthesized [19].
Additionally, it can found that the PSi is completely
covered by plentiful ZnS  heterojunction.
Subsequently, the surface distribution of the diameter
values of the ZnS/PSi was randomly distributed and
irregular heterojunction over the whole surface. The
average roughness is found to be 83.36 and 93.32 nm
at etching time of 5 and 15min, respectively. Table
(3) indicates that the increasing in the etching time
leads to increase the average diameter of the pores.

Figure (6) shows SEM images of ZnS deposited
on glass substrates by spray pyrolysis method at
concentrations of 0.1, 0.3 and 0.5 M. It indicates that
the small regular grain size start to form on the glass
substrate at ZnS concentration of 0.1M with circular
grains as shown in Fig. (6a). When the ZnS
concentration increases, the grain diameter also is
increased as shown in figures (6b and 6c¢). The
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diameter of the ZnS nanoparticles it found to be 29,
37 and 58 nm at ZnS concentration of 0.1, 0.3 and 0.5
M, respectively.

Psi (111) £

Intensity(Counts)

ZnS (002)

PSi(002) |

Intensity(Counts)

Zn$ (002)

ZnS (106)

PSi (111)

ZnS (002)

Intensity(Counts)

Zn$ (110)

MV\“—»/ \\\J\/vvwv\/m«

(©)
Fig. (3) XRD patterns of ZnS thin films deposited on porous
silicon at concentrations of (a) 0.1M, (b) 0.3M and (c) 0.5M
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(b)
(b) Fig. (5) AFM images of ZnS/Psi heterojunctions at etching
Fig. (4) AFM images for PSi at etching times of 5 and 15min times of 5 and 15 min when ZnS concentrations are 0.1 M and

05M
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SEM MAG: 500 kx Det: inBoam

WO: 564 mm 8 7.00
View fleld: 4.15 ym  Date(midly): 101223

SEM MV 15.0 kv WO 6.08 mm
View Bold: 4.24 pm [
SEM MAG: 30.0 kx  Date{matyy 041323

SEM MAG: 50.0 kx Det: inBeam
WD: 4.63 mm 81: 7.00
View fleld: 4.15 ym  Date(midly): 10114723

SEM MAG: 50.0 kx Det: inBeam

WD: 4.19 mm B 7.00 1 pm
View fieid: 4.15 ym  Date{midly): 10112/23

(c)
Fig. (6) SEM images of ZnS thin films on glass substrates at
ZnS concentrations of (a) 0.1M, (b) 0.3M and (c) 0.5M

Figures (7a and b) show SEM images of PSi at
etching time 5 and 15 min. The pore size increases
with increasing the etching time due to dissolution of ook % N . A
silicon substrate at the wall of pores. The images also SEMMAG:500kx | DetimBesm [ | |||  wmasTEScAM

. . WD: 565 mm BI: 7.00
approve star-like nanostructures with average View fleld: 4.15 ym_ Date(midy): 101223

diameter of 47nm. Figures (7¢ and d) show the SEM
image of the ZnS/PSi surface at etching time 5 and 15
min respectively when the ZnS concentration is 0.3M.
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(d)
Fig. (7) SEM images (a) PSi at etching 5 min, (b) PSi at etching
15 min, (c) ZnS/PSi heterojunction of 0.3M at etching time 5
min and (d ) ZnS /PSi of 0.3M at etching time 15 min

The results confirm that the agglomeration were
observed with average diameter less than 100 nm
[20]. Additionally, when the ZnS concentration
increases, the nucleation stage of particle size is
increased. We notice that there is a growth and
interference between ZnS nanoparticls and the
surface of the porous silicon, this interference
increases with increasing etching time. The
deposition of ZnS improves the structural stability of
the porous silicon. Figure (8) shows the thickness of
thin film as a function of the etching time. It can be
notice that the thickness increases almost linearly
when the etching time at all the ZnS concentration is
increased. These results are agreement with previous
works [21].

0.80 X T z T T T ¥ T u T
0.75] 0.5M
0.70 -
0.65 0.3M
0.60 -
— 0.55
E._ 0.50 )
§ 0.45
g 01 0.1M
© 035 -
E 030
0.25 ]
0204 w
0.15
0.10 : . : ;
5 10 15

Etching time (min)

Fig. (8) Thickness of ZnS as a function of etching time with ZnS
concentrations of 0.1M, 0.3M and 0.5M

Figure (9a) shows the EDS spectrum of ZnS
deposited over the porous silicon at concentration of
0.1 M with etching time of 5 min. The strong
spectrum shows the presence of Si, Zn and S at the
appropriate energy levels. Furthermore, it is clear that
the elements composition are found to be 44.10% Zn
and 35.41% S at ZnS concentration of 0.5 M. In the
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other side, the elements mapping for Ca, Cl and Mg
were presented due to aggregation and formation of
ZnS nanostructure embedded porous silicon during
preparation process [22] as shown in Fig. (9b). The
values of all elements that appeared in the EDS
spectra are shown in table (4).

Table (4) Elements values of EDS spectrum at ZnS
concentration 0.1 and 0.5M with etching time 5 min

Element | 0.1M | Line | 0.5M
S 33.51 Ka 3541
Ca - - 473
0 22.16 Ka 12.67
Cl 4.24 Ka -
Mg - - 4.66
Zn 41.62 Ka 4410
100.00 100.00

eoonué
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15000; ZnLa

10000;

e
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o) ‘E‘Kﬂ : ZrKa ZnKD‘ kev
5 10

(b)
Fig. (9) EDS spectra of ZnS/PSi heterojunctions at ZnS
concentrations of (a) 0.1M, and (b) 0.5M

The investigations of resistance, resistivity and
conductivity were carried out for prepared gas sensor
with ZnS concentrations of 0.1M and 0.5M that
deposited over PSi at different etching times (5, 10
and 15 min). Figure (10) and figure (11) illustrate that
the electrical conductivity increases with increasing
the ZnS concentration for all samples. The obtained
conductivity for the concentration of 0.5M is greater
than the conductivity when the ZnS concentration is
0.1M. This is due to increase in the mobility of the
charge carriers [23], and as a result, the ZnS thin films
interference with the porous silicon and thus the
conductivity increases. We also notice that the
electrical conductivity increases with temperature.
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This is attributed to improve the crystalline structure
and caused a decrease in the grain boundaries due to
increase in grain size [24].
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Fig. (10) Resistance, resistivity and conductivity of samples
prepared at etching times of 5, 10 and 15min at concentration
of 0.1M

Figure (12) shows the electrical characteristics (J-
V) of ZnS/PSi heterojunction for forward and reverse
bias. It can be notice that the samples have rectifier
behave and the current density decreases with
increasing etching time. As the dependence of the (J-
V) characteristics on the etching time, is related to the
formation of pores in porous silicon. When the pore
diameter increases with increasing etching time, leads
to an increase in resistivity of porous silicon due to
the trapping of carriers at the walls of the pores.
Furthermore, increasing in the etching time will also
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increase the thickness of the porous silicon thin film,
and this leads to increase in resistivity due to a
decrease in mobility with increasing etching time. We
notice from these figures that there is increase in the
current density with increase ZnS concentration, this
is due to an increase in the carriers density that
generated at the surface and the formation of
additional levels, which in turn leads to an increase in
electrical conductivity.
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Fig. (11) Resistance, resistivity and conductivity of samples
prepared at etching times of 5, 10 and 15min at concentration
of 0.5M

The I-V characterization in forward bias possess
two regions, the first region was found to be at low
voltage (1V < Vi), where the current of this region is
dominant because the concentration of carriers is
greater than the pure state (n?<np). Therefore, in
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order to reach a state of equilibrium, the
recombination carriers process will be dominant, and
this mean every electron is excited. At high voltages
(Ve>1), the forward bias current increases
exponentially with the applied voltages. In this case,
the energy of carriers will increased with applied
voltages and then it will pass through potential barrier
of the ZnS-PSi heterojunction.  Also, the ideality
factor increases with increasing porosity due to an
increase in the density of the levels at the interface
between crystalline silicon and porous silicon. Table
(5) shows the values of the reverse saturation cur-rent,
ideality factor, barrier voltage and electrical
conductivity for the ZnS/Psi heterojunction.
Additionally, it can be seen that the values of the
ideality factor and barrier voltage decrease with
increasing concentration of ZnS [25].
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Fig. (12) J-V measurements of ZnS/PSi heterojunction with
etching times of 5, 10 and 15 min at ZnS concentration (a) 0.1M
and (b) 0.5M

Table (5) Parameters of Saturation current, ideality factor,
barrier height and conductivity of ZnS/PSi heterojunction
with etching time 5, 10 and 15 min at ZnS concentration 0.1

and 0.5 M
Etching . c
- Concentration Js
time n @ (V) x10%
(min) M) ity (Sim)

12.27 243 0635  0.997

5
10 01 [ 692 [268] 0669 0732
15 '

1.64 279 072 0575

5 [ 1786 | 231 ] 0613 | 1.28
10

1121 248 0632 119

15 05 [ 656 | 263 ] 0.690 | 1.10
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Figures (13) and (14) (a-c) show the typical
resistance response (kQ) as a function to the time of
gas sensor for different ZnS concentrations (0.1 M
and 0.5 M). The operating temperature is selected as
(RT, 100°C and 200°C) with constant NO, gas
concentration of 75 ppm. The etching times of 5, 10
and 15 min are selected at ZnS concentration of 0.1
and 0.5M. The results illustrate that the significant
variations of resistance for the gas sensor proved the
synthesized ZnS over the porous silicon with higher
purity and enabling their application in the
manufacture of solid-state sensors for NO; detection.
It is clear from these Figures that the resistance of
ZnS/PSi heterojunction increased with increasing
temperature. This can be attributed to increase the
concentration which lead to increase the interactive
between the surface area and the gas molecules [26].
The properties of ZnS/PSi heterojunction as a gas
sensing for gases detection are examined. In order to
determine the optimum operating temperature, the
response of the ZnS /PSi heterojunction based gas
sensors to 75 ppm of NO is tested when the operating
temperature varied from 50 to 250°C. Two
concentrations of ZnS thin films of 0.1 M and 0.5 M
are precipitated on the PSi. Figure (15) shows the
sensitivity of sensor as a function of temperature for
ZnS concentration of 0.1 and 0.5 M respectively
when the etching time is varied from 5 to15 min with
increment step of 5 min. It can be noted that the
sensitivity of the sensor is varied with operating
temperature. The sensitivity first is increased with
increasing the temperature, up to 200°C, and then
slowly decreased at 250°C. In addition, the sensitivity
is improved for both concentration of ZnS when the
time etching is increased. So, once size pore of PSi is
changed, the sensitivity of ZnS /PSi heterojunction is
change as well. Furthermore, the sensitivity is
increased with increasing the ZnS concentration [27].
Figure (16) shows the comparison of the sensitivity
for ZnS concentration of 0.1 and 0.5 M when the
etching time is 15 min. As can be seen from this
figure, the sensitivity of the ZnS/PSi heterojunction
based gas sensor is increased with the increase the
ZnS concentration. The maximum sensitivity is found
to be 5.11 when the ZnS concentration is 0.5 M
compared to the sensitivity of 3.0 at ZnS
concentration of 0.1 M when the etching time of 15
min. This owing to increase the exposed surface area
(increase the walls of the mesoporous structure), at
this point, it is important to note that the Schottky
barrier created at the ZnS/PSi interface due to the
matching of the Fermi level, leading to create a
depletion region and interactivity of surface area with
gas molecules by the electron adsorption [28]. Tables
(6-11) show response time, recovery time and
sensitivity at different temperatures.
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4. Conclusions

In summary, good quality and high efficiency
ZnS-PSi heterojunction-based gas sensors have been
prepared by spray pyrolysis. The ZnS thin films are
successfully grown on PSi substrates. The ZnS/PSi
heterojunction-based gas sensors displayed good
stability, fast response and recovery times and high
sensitivity toward NO,. The maximum sensitivity of
the sensor is found to be 5.11 when the ZnS
concentration is 0.5 M at operating temperatures up
to 200°C. The results reveled that ZnS-PSi
heterojunction is a promising candidate to use as
photodetectors particularly for UV radiation.
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Table 2: crystalline size , FWHM, inter-plane distance (d) of ZnS/PSi

Concentration

L FWHM

Sample 26 hk d(A
P ) (m) | (deg) | 4%
. 2738 | 002 | 3747 | 0561 | 3.254
ZnSIPSi 01 2013 | 111 | 29561 | 0.826 | 3.431
2656 | 002 | 38615 | 0436 | 3.174

ZnSIPSi 03 2034 | 111 | 30422 | 0723 | 3.255
32591 | 106 | 22633 | 0985 | 3513

. 2727 | 002 | 39711 | 0411 | 3.251
ZnS/PSi 05 2006 | 111 | 33622 | 0633 | 3122
3806 | 110 | 24799 | 0911 | 3422

Table 3. The optimization parameters of ZnS/PSi heterojunction as a gas sensor

Concentration of ZnS | Roughness Average | RMS | Diameter Average
Sample
(M) (nm) (nm) (nm)
PSi - 1.26 1.31 24.65
- 2.06 211 42.84
. 0.3 2.53 1.88 83.36
Zns/Psi 03 2.67 1.96 93.32

Table (6) Parameters of gas sensor for detect NO, gas of 75 ppm at different temperature, etching time of 5 min and ZnS
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RT 50°C 100°C 150°C 200°C 250°C
Air 112166 | 1224.047 | 1231422 | 1231422 | 1271422 | 1251422
Gas 3035.241 | 3.40E+03 | 3.47E+03 | 3548.241 | 3735.241 | 3535.241
G% (NO2) 1.706026 | 1.779078 | 1.814822 | 1.881418 | 1.937846 | 1.82498
Response time (s) 4.3 5.8 8.2 11.8 13.51 15.62
Recovery time (s) 3.6 3.1 2.9 2.3 21 19

Table (7) Parameters of gas sensor for detect NO, gas of 75 ppm at different temperature, etching time of 10 min and ZnS
concentrations of 0.1M

RT 50°C 100°C 150°C 200°C 250°C
Air 1121.66 | 1224.047 | 1241422 | 2154.084 | 1854.848 | 1322.426
Gas 3135.241 | 3501.723 | 3666.233 | 6941.776 | 6125.057 | 4234.195
G% (NO2) 1.795179 | 1.860774 | 1.953254 | 2.222612 | 2.302188 | 2.20184
Response time (s) 8.2 9.2 6.5 8.9 94 10.2
Recovery time (s) 2.1 2.3 2.3 24 2.7 25

Table (8) Parameters of gas sensor for detect NO, gas of 75 ppm at different temperature, etching time of 15 min and ZnS
concentrations of 0.1M

RT 50°C 100°C 150°C 200°C 250°C
Air 1232.676 | 1665.708 | 1280.158 | 1240.158 | 1260.158 | 1250.158
Gas 3569.528 | 5170.168 | 5009.304 | 5109.304 | 5209.304 | 5009.304
G% (NO2) 1.895755 | 2.103886 | 2.913035 | 3.11988 | 3.133849 | 3.006936
Response time (s) 4.2 5.3 4.9 6.8 6.9 75
Recovery time (s) 24 2.3 2.1 1.9 1.8 1.7

Table (9) Parameters of gas sensor for detect NO, gas of 75 ppm at different temperature, etching time of 5 min and ZnS

concentrations of 0.5M

RT 50°C 100°C 150°C 200°C 250°C
Air 1232.676 | 1665.708 | 1280.158 | 1240.158 | 1250.158 | 1260.158
Gas 3569.528 | 5170.168 | 5009.304 | 5109.304 | 5309.304 | 5209.304
G% (NO2) 1.895755 | 2.103886 | 2.913035 | 3.11988 | 3.246905 | 3.133849
Response time (s) 6.3 7.8 113 13.2 154 17.2
Recovery time (s) 3.1 2.8 2.3 21 1.9 1.8

Table (10) Parameters of gas sensor for detect NO, gas of 75 ppm at different temperature, etching time of 10 min and ZnS

concentrations of 0.5M

RT 50°C 100°C 150°C 200°C 250°C
Air 2118.303 | 1606.957 | 1250.158 | 1144.121 | 1280.158 | 1380.158
Gas 8604.078 | 7588.949 | 6309.304 | 5969.713 | 7309.304 | 7211.304
G% (NO2) 3.061779 | 3.722559 | 4.046804 | 4.21773 | 4.709687 | 4.224983
Response time (s) 6.3 74 115 125 13.7 15.2
Recovery time (s) 28 24 21 22 2.1 1.9

Table (11) Parameters of gas sensor for detect NO, gas of 75 ppm at different temperature, etching time of 15 min and ZnS

concentrations of 0.5M

RT 50°C 100°C 150°C 200°C 250°C
Air 1239.158 | 1244.121 | 1210.158 | 1230.158 | 1260.158 | 1231.422
Gas 6309.304 | 6769.713 | 7309.304 | 7709.304 | 8109.304 | 7535.241
G% (NO2) 4.091604 | 4.441363 | 5.039957 | 526692 | 5435147 | 5.119139
Response time (s) 7.8 8.1 8.3 8.6 9.3 9.7
Recovery time (s) 26 2.3 19 1.7 1.6 1.5

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

PRINTED IN IRAQ

332



IRAQI JOURNAL OF APPLIED PHYSICS

Vol. 20, No. 2B, May 2024, pp. 333-340

Spectroscopic and Compositional

Mohammed A. Anaz?
Israa F. Al-sharuee 2

Analysis of Hydrophobic Silica
Aerogels and Their Applications in

Crude Oil Adsorption

! Department of Physics,
College of Science,
Al-Anbar University,
Al-Anbar, IRAQ

2 Department of Physics,
College of Science,
Mustansiriyah University,
Baghdad, IRAQ

The experiments studied the oil adsorption and doping effects of silica aerogels;
doped with small percentages of silver and copper chloride, coumarin, and fluorescein
dyes, were produced using a two-step acid-base catalyzed via sol-gel procedure.
Tetraethoxysilicat (TEOS), methanol (MeOH), acid catalysis (0.1M), base catalysis
NH;OH:NH4F (1:4), and modified solution trimethylchlorosilane (TMCS): n-hexane
(1:10). Raman spectroscopy and Fourier transform infrared spectroscopy are utilized

to indicate the molecular bonds and their regions, and field emission scanning electron
microscopy to investigate the morphological properties. The hydrophobic aerogel

Iraqi Journal of Applied

particles showed a very high uptake capacity. The desorption of oil by keeping the

Physics liquid-absorbed aerogel. From FTIR examination, the aerogel structure was not

Electronic, Optical
Q4 and Magnetic
Materials
vest quartile

0.19

powered by scimagajr com

significantly altered by the solvent absorption but shrank as a consequence of the oil
absorption; the homogenous structure is dominant. The doping gives a strongly
skeleton network that gives a bearing to the produced samples to re-use in the
SIR 2022 mentioned application.

Keywords: Laser dyes; Doped aerogel; Oil adsorption; Hydrophobicity
Received: 26 December 2023; Revised: 05 February; Accepted: 12 February 2024

1. Introduction

Silica aerogel, as a result of its high porosity and
large specific surface area, is a new porous material
that has been used and put to good use. Silica
aerogels, on the other hand, don't have very good
mechanical properties. Because of the drying steps
involved in their manufacture, aerogels are
notoriously weak, inflexible, and brittle [1]. This
severely restricts silica aerogels' potential uses. Two
of the most common ways to produce silica aerogels
are through sol-gel and hydrothermal processes.
Removing the solvent from a solution containing
hydrolyzed inorganic compounds leaves behind a gel
with a spatial network structure, which can be used to
create porous structural materials. This process is
known as the sol-gel technique [2]. There are several
potential uses for silica aerogels, including thermal
insulation, optics, medicine, power, and more. Silica
aerogel is often utilized in environmental
applications, including wastewater treatment, air
purification, and more, because of its high porosity
and vast surface area. Aerogels are the most buoyant
solids known, with a density lower than water and a
surface area higher than that of any other solid. These
benefits have led to much research on the sorption of
oil and other organics from water using various
hydrophobic aerogels [3,4]. Hydrophobic silica
aerogels were discovered to adsorb miscible and
immiscible organic contaminants, including ethanol,
toluene, chlorobenzene, and trichloroethylene. The
tiny particles that make up silica aerogel provide the
material its unique properties, including a low density
that allows it to float on water [5]. Several
conventional separation techniques have their limits
when it comes to treating offshore crude oil leakages:
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Oil tanker treatment recycles a huge quantity of oil,
but its treatment range is restricted by volume
limitations and the spread area of oil slicks, the
recovered oil includes a high amount of water, and the
separation efficiency is poor. The silica aerogel is
very soft had been researched for this project is a good
way to solve this problem because it is cheap, good at
separating oil and water, easy to use, good for the
environment, and has many other benefits [6]. When
dealing with offshore crude oil leaks, using aerogel
eliminates the drawbacks of secondary separation on
oil tankers as well as the drawbacks the combustion
treatment and treatment with chemical reagents, all of
which contribute to environmental contamination. It
effectively separates oil from water and has zero
environmental impact. It is distinguished by its low
energy use and concern for the environment [7,8]. In
this work the parameters that influence the efficiency
with which aerogels separate oil and water was
investigated. the superhydrophobic aerogels are a
potential sorbent for cleaning up crude oil spills [9].
Zhang et al. have proposed that excellent adsorption
capacity and high repeated utilization rate of
RGO/REMO aerogels indicated the composite
adsorbent's prospective application in the remediation
of RhB-containing effluent [10]. Liu et al. have
shown that the SGA beads exhibited excellent
elasticity (rebounding at 70% strain) and oil/water
selectivity. A continuous absorption-combustion
process could be used to recover the adsorbed organic
solvents. Therefore, because of the simplicity of their
fabrication and their superior properties, SGA beads
have great potential for use in oil spill and organic
waste cleaning [11]. Parale et al. have shown that both
the absorption capacity and the uptake rate of the

PRINTED IN IRAQ 333


https://www.scirp.org/journal/articles.aspx?searchcode=Vinayak+G.++Parale&searchfield=authors&page=1

IRAQI JOURNAL OF APPLIED PHYSICS

hydrophobic aerogel granules were very high.
Aerogel granules soaked in liquid were weighed at set
intervals until all the absorbed liquid had been
completely desorbed in order to study the desorption
of solvents and oils. Examination Fourier transform
infrared  spectroscopy indicated that solvent
absorption did not substantially change the aerogel
structure, but oil absorption caused the shrinkage that
ultimately resulted in a thick structure following
desorption [12]. Reynold et al. suggested that
powdered CF3-functionalized aerogel may be able to
efficiently separate oil from oil-water mixtures up to
14 times the aerogel's weight [13]. The findings of
Nguyen et al. verified the superior efficacy of the
modified silica aerogel nanoparticles over water in
cleaning up the oil spill [14].

In the present study, the prepared hydrophobic
aerogel was doped with metal ions and laser dyes.
The doping gives a strong skeleton network, which
gives a bearing of the produced samples to re-use in
the application. The motivation for the prepared
hydrophobic silica aerogel was utilized for oil
adsorption to contribute to water environmental
cleanup; spilled oil poses a danger to living organisms
and humans in particular, and to protect fish health
and living organisms from water pollution caused by
crude oil spills.

2. Experimental Part

The chemicals used in this work includes
tetraethylorthosilicat (TEOS, 98%) from Sigma-
Aldrich (Germany), trimethylchlorosilane (TMCS,
>98%) from TCI (Japan), hexane (>98%) from
CHem-LAB (Belgium), ethanol (>99%) from
Schariau (Spain), hydrochloric acid (35-38%
strength) from Thomas Baker (India), ammonia
solution from CDH (India), and silver chloride
(AgCl) and copper chloride (CuCl). Both fluorescein
(C20H120s) laser dye (146.145 g/ml molecular
weight), and Coumarin (CeHsO-) laser dye (332.31
g/ml molecular weight) were used as doping
materials.

Metal ions and laser dyes doping of silica at a
concentration of 102 g/cm?, yields a variety of silica
aerogel. Amounts of 0.71 of AgCl and 0.85 g of CuCl
were dissolved in 50 ml ethanol. Fluorescein and
Coumarin should be mixed into 50 ml of ethanol,
respectively. A 2:40 molar ratio of ethanol was used
to dilute TEOS (a precursor). By stirring on a
magnetic stirrer for 10 minutes as well as
incorporating 2 ml of 0.1M HCL as an acidic catalyst,
condensed silica (CS) was successfully produced.
First, the dopant materials (10 ml) were mixed with
the concentrated and then stirred for 15 minutes using
a magnetic stirrer. Finally, a 0.5M NHiOH base
catalyst was added to accelerate the transformation of
the sol into a gel. After being prepared for 15 minutes,
this gel is aged for 2 hours before being soaked three
times every 24 hours, immerse in ethanol. The gel's
surface was treated with TMCS (7.5ml) in 30 ml
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hexane drop by drop, and after baking it for 24 hours
at 60°C, it was let to settle at room temperature for 24
hours before being replaced in the oven with pure
hexane for 4 hours to modify the surface. After being
washed in hexane, the holders were coated with
salophen that had tiny holes drilled into it, and the
whole thing was let dry at room temperature. Remove
moisture from the gel by gradually raising the oven
temperature from 80 to 180° degrees with a step of
20°. The application was surveyed via spraying a
known quantity of aerogel on the surface of water
onto which a quantity of crude oil of known weight
was spilled, and after a while an isolated layer was
formed on the surface. The layer was scraped off,
weighed, and the weight of the aerogel was subtracted
from the total weight. This quantity represents what
was adsorbed from the crude oil spilled on the surface
of the water.

Raman spectroscopy is a kind of spectroscopy
used for structural analysis and the observation of
rotational, vibrational, and other low-frequency
modes. Photoluminescence is an extremely potent,
contactless, and nondestructive optical phenomenon
that is used to probe the electronic structure of
materials. The external source was used to excite the
electronic state. Fourier-transform infrared (FTIR)
spectroscopy with a scanning wavenumber range of
4000-400 cm confirmed the hydrophobicity and
surface  modification. Field-emission scanning
electron microscopy (FE-SEM) analysis validated the
porous morphology of silica aerogels, which has
drawn a lot of interest due to its unusual features, such
as its low density was examined depended on the ratio
between mass to volume. To evaluate the practical
crude oil adsorption performance by the aerogel. The
oil absorption capacity (Qa) of the aerogels can
calculate by weighted it before (My) and after (Mq)
adsorbed, using the following formula [15]

_ My,—Mq
Qu="3" 1)

3. Results and Discussion

Figures (1) and (2), the Raman spectra,
demonstrate the presence of the metal ions copper
chloride and silver chloride; the highest intensity of
silver chloride is seen at a wavelength of 183.255nm
in the case of the aerogel generated via surface
modification using TMCS/hexane, the weakest peaks
emerged at wavelengths 3630.433 and 4330.878nm;
the highest peaks appeared at the wavelengths
666.097 and 2113.214 nm in the copper chloride,
where the symmetric stretching vibration constituted
the sole form of vibration [16]. The vibration of two
symmetrical expansion distinct kinds of atoms is
responsible for the formation of these lower-
amplitude peaks. The vibration of two symmetrical
expansion distinct kinds of atoms is responsible for
the formation of these lower-amplitude peaks.
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Fig. (1) Raman spectrum of silica aerogel doped with copper
chloride (CuCl)
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Fig. (2) Raman spectrum of silica aerogel doped with silver

chloride (AgCl)

Figures (3) and (4) show the Raman spectra of
silica aerogel doped with laser dyes (Coumarin and
fluorescein, respectively). They show a shift and
regarding the aerogel generated via surface
modification utilizing TMCS/hexane, the highest
intensity of coumarin emerged at wavelengths of
85.324 and 595.598 nm, while the maximum intensity
of fluorescein appeared at wavelengths of 479.627
and 1415.129 nm. This is because one sort of
vibration, denoted by the symmetrical stretching
vibration, is responsible for the phenomenon, while it
manifested itself at the next wavelength for the less
powerful peaks at 3630.433 and 4330.878 nm. It is
because of the similar stretching vibration that two
different kinds of atoms produce that these peaks may
be seen with a lesser intensity [17,18]. There are
many peaks appeared in Raman spectrum for all
produced samples signified in table (1).

Figures (5) and (6) refer to the presence of the
metal ions copper chloride and silver chloride. The
surface groups react during drying to form Si-O-Si
bonds by condensation at ambient pressure. As a
result of the increased capillary pressures caused by
the creation of Si-O-Si bonds, the wet gel's pore
network collapses. A total of 38 Si-O-Si stretching
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vibrations are reflected in the bands at 1096 cm™,
whereas Si-O vibrations produce the characteristics
around 798 cm™. Bands of adsorption at 3435 cm™*
have been identified as belonging to hydroxyls, -H,
and CHs bands, the primary source of hydrophobicity,
peaked at roughly 2981-2900 cm™,
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500 1000 1500 2000 2500 3000 3500 4000
Raman shift {cm™}
Fig. (3) Raman spectrum of silica aerogel doped with
Fluorescein
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Fig. (4) Raman spectrum of silica aerogel doped with
Coumarin
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Fig. (5) FTIR spectrum of doped silica aerogel with CuCl

The infrared spectra of modified SiO, aerogel
show the H-OH peaks at 3425 and 1633 cm%, which
is CO insistent with the aerogel's altered structure.
After TMCS modification, hydroxyl groups are
replaced by -CHs; groups, enhancing the compound's
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hydrophobicity. Diffusion via the wet gel's porous
structure ensures that surface reactions take place
uniformly throughout the material. The thermogram
analysis confirmed that the aerogel's surface hydroxyl
(-OH) and alkoxy (-OR) groups were converted to the
more stable Si-R group [12].

Si-0-5i
000 300 ;ﬂ:ll:n z:lzu: 231cr 1560 'cll:c 00
Wavenumber{cm')

Fig. (6) FTIR spectrum of doped silica aerogel with AgCI

In figures (7) and (8) for Coumarin and
fluorescein dyes, the FTIR bands were used to study
the chemical bonds of the (SA) changed by TMCS.
At 3480 and 1610 cm!, vigorous absorption peaks
are observed are caused by the stretching vibration of
hydroxyl (-OH). This shows that these hybrid
aerogels can take in water from the air and have
strong hydrophilicity. In contrast, Weak absorption
peaks for Si-OH at 980 cm were observed in the
hydrophobic sample (TMCS).
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Fig. (7) FTIR spectrum of doped silica aerogel with Coumarin

Theyappeared Si-O-Si bonds in the silica network
exhibit prominent absorption peaks at approximately
1100 cm™', which meant in which TEOS was
effectively hydrolyzed and cross-links were formed,
which are attributes characteristic of (SA). At 2990
cm™!, the sample had an absorption peak related to the
terminal —CH3 group. At 1280, 840, and 766 cm™',
vibration peaks of Si-C were seen, which were caused
by the TMCS surface modification. Furthermore, the
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TMCS-based hybrid aerogel showed good
hydrophobicity and a lowlight weight [19,20].
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Fig. (8) FTIR spectrum of doped silica aerogel with fluorescein

Figure (9) shows FE-SEM results for copper
chloride and silver chloride ions. The aerogel had a
porous morphology, with pores of varying sizes
spread out randomly throughout the material.
Previous research has shown that the pore size of
aerogels used in oil/water separation applications
should be below 200 m [21] and employed to make
the nanocomposite aerogels in this research. Various
magnification photos of the created aerogel
composite aerogel should be shown. Aerogel pores
ranged in size 29.43 nm as determined by an image
analysis program (ImageJ). Pores in the aerogels have
a rough appearance in the high-resolution SEM
picture. The creation of an internal phase transition is
responsible for the aerogel's enlarged pores. From
figures it cleared the morphological study of the as-
prepared aerogels for Coumarin and fluorescein dyes
was done using FE-SEM analysis, and images were
analyzed for their quality.
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(c) Fluorescein density 0.221 g/lcm?®
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Fig. (9) FE-SEM images of doped silica aerogel with (a) copper
chloride, (b) silver chloride, (c) fluorescein, and (d) Coumarin
with different magnifications

All aerogels seen in the photographs, regardless of
magnification, have a porous 3D structure that is well
linked. Aerogels are of particular interest due to their
unusual features, such as their low density, which
results from the tight packing of primary particles in
the agglomerates, which is themselves porous.
Because of the aerogel's porous, networked interior,
it is possible to use gravity to drive a high-flux
oil/water separation process using aerogels with
superoleophobicity characteristics [22,23].

Figure (10) illustrates the mechanism of
absorption during the first few minutes. The aerogel
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rapidly assimilated the crude oil on the surface of the
mixture in about 30 minutes. A 0.053 g of aerogel
powder were sprayed over the surface of the oil. The
aerogel powder absorbed 4.75 g of oil after 30
minutes. The absorption capacity may be quantified
using Eq. (1):

4.75-0.053

= = 0,
Q. 0053 88.623%

Fig. (10) Photographs before and after the absorption of crude
oil by the hydrophobic aerogel
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4. Conclusion

Hydroxyl groups are replaced by -CHs groups,
enhancing the compound's hydrophobicity, in the
Raman spectrum, more peaks are different because of
the vibration that two different kinds of atoms were
produced. These peaks may be seen with a lesser
intensity. The aerogel had a porous morphology and
a porous 3D structure, with pores of varying sizes
spread out randomly throughout the material. The
FTIR spectrum shows that the TMCS silylating
agents were effective in making the surface of the
aerogel hydrophobic by replacing the polar bond -OH
with nonpolar bonds like Si-C and C-H. Aerogel
materials are gaining a lot of interest because of their
peculiar properties, such as their low density. Because
of the assumed packing of primary particles in
agglomerates, they are very porous. The homogenous
structure is dominate for all samples. Using aerogel
as an adsorbent medium for oil gave good results
through the adsorption of 88% of the oil spilled on the
water's surface. The doping gives a strong skeleton
network, which gives a bearing of the produced
samples to re-use in the mentioned application.
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aerogel in different environmental of
Table (1) The main peaks of Raman CuCl spectrum
Aerogel doped with CuCl Aerogel doped with AgCl
Wavenumber Intensity Wavenumber Intensity Wavenumber Intensity Wavenumber Intensity
(cm) (a.u) (cm-) (a.u) (cm) (a.u) (cm1) (a.u)
666.097 20.001 3036.674 7.11 703.227 15.501 3094.984 8.5298
1392.01 6.531 3630.433 3197 1401.149 8.800 3373.521 4.3790
1771.2 6.12 3985.463 6.10 1716.27 6.77 3977.563 6.130
2113.214 10.002 4139.091 7.009 2094.077 7.09 4156.306 8.2001
2322615 8.50 4330.878 3.21 2354.217 5.999 4319.795 6.5.1
Aerogel doped with fluorescein Aerogel doped with Coumarin
479.627 3.0469 2538.764 1.002 85.324 120.24 2018.181 8.110
768.267 2.109 2832.558 0.988 404.889 9.4384 2268.164 5.449
1415.129 3.0850 3079.964 1.7009 595.598 28.944 2569.689 8.110
1732.118 1.132 3569.621 2.0511 794.038 6.1615 3381.489 8.009
2214.044 1.980 3971.655 2.7151 1113.604 6.42 4010.312 12.220
1361.009 6.2368 4407.192 10.249
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The present work studied the influence of a parallel magnetic field on the properties of
micro-discharges generated in a DBD actuator under atmospheric pressure. The micro-

discharge is formed when the Ac high voltage with frequency of 9 kHz was applied. As
well as, the magnetic parallel field was present when the magnetic permanent was
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putting behind the powered electrode. The micro-discharge characteristics were
measured at various horizontal distance that varying for 0 to 5 cm. Magnetic field effects
on micro-discharge properties at different horizontal distances were examined. The
results indicated that the influence of the powered electrode area affect the micro-
discharge. The presence of the parallel magnetic field shown inverse behavior on the

0.19 micro-discharge characteristics.
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1. Introduction

The dielectric barrier discharge (DBD) is
considered to be one of the most economically
efficient non-thermal plasma sources among the
different options available. This discharge is
recognized for its efficacy in initiating chemical and
physical processes that take place in gases [1]. In past
few years, DBD has been extensively studied due to
its application in many different areas. This type of
discharge covers many applications such as material
surface processing [2,3] and also applications in the
environment and energy field, water treatment [4-8],
agriculture [9-11], surface modification [12,13],
biomedical sterilization [14-16], pollution control
[17] and medicine [18,19]. The ability of these DBD
applications lies in their capacity to produce highly
reactive plasma using a simple reactor system,
requiring low energy consumption, and operating at
room temperature and atmospheric pressure [20,21].
DBD reactor is fundamentally composed of a series
of electrodes, separated by at least one dielectric
barrier. To generate the breakdown in gases between
the electrodes, a high enough electric field must be
applied. Therefore, this feature represents the
advantage of DBD than the other conventional
plasma generator sources [22]. Anyway, in various
industrial applications, active flow control is
necessary to improve efficiency of system efficiency
or to less the environmental load [23]. Therefore, the
mechanical actuators were used to achieve flow
control [24]. In 1990, Roth et. al. [24] developed a
new device for flow control. The DBD device was
utilized as a plasma actuator. The non-thermal
plasma actuator functions at air pressure and has
various advantages over traditional flow control
actuators.  These  include  compact  size,
straightforward design, lightweight construction,
rapid response, and the absence of mechanical
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components [25-27]. For decades plasma actuators
have received attention for the barrier discharge of
the AC surface [28-31]. Basic plasma properties of
AC-SDBDPAs have been studied [27]. Non-thermal
plasma actuators for flow control were illustrated in
many applications for separation flow control [32—
35] and noise reduction [36,37]. The Based operating
principle  of  plasma  actuator is  the
electrohydrodynamic phenomenon that formed due
to the transfer of the ions momentum to neutral
molecules by impact process. DBD and corona
discharges represent the most common discharge that
occurs in the plasma actuators [38]. Moreover,
numerous endeavors have been made to enhance the
control authority and reduce the power demands of
DBD actuators. The range is from 2 to 4. In these
studies, several parameter trends have been
examined, such as the characteristics of the input
alternating current voltage (e.g., amplitude,
frequency, and waveform shape), material properties,
and the design of the DBD device. The amplitude of
the sinusoidal input voltage increases as the electrical
power consumed by the DBD actuators increases, as
3.5 PV. Moreover, the dielectric barrier discharge
actuators make a wall jet with speed range from 1to
6 m/s occurring at distance range from 0.5 to 1 mm
above the dielectric surface. According to
experimental results, the maximum produced
velocities was approximately 8 m/s2, while according
to numerical predictions indicate velocities
approximately up to10 m/s2 [39]. Recently, different
researchers were studied the influence of the
magnetic field on the characteristics of the DBD
actuator and the researchers observed that the
permanent magnetic field gives an impression of the
movement of electrons after the release of DBD in
the gaseous insulation [40]. The influence of the
magnetic field that produced by permanent magnet in
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the normal direction of the electric field on DBD
performance was investigated in reference [41].
Furthermore, another study examined the contrast
between the behavior of DBD with and without a
magnetic field in the air. The findings demonstrated
distinct variations in various DBD characteristics,
including; DBD plasma, discharge current, power
dissipation, and more, when the magnetic field was
present compared to when it was absent [42,43].
When the pulse repetition frequency of unipolar
positive nanosecond pulsed DBD lowers from 1200
to 100 Hz, the discharge becomes more
homogeneous. Furthermore, an equivalent outcome
can be attained in presence of a parallel magnetic
field [44].

Present work characterizes micro-discharges that
formed in single DBD actuator with two AC
frequency and at different horizontal distances. The
characterization encompassed many parameters such
as micro discharge volume, 1-V curve, Debye length,
electron number density, electron temperature,
plasma parameter, and plasma frequency.

2. Methodology

This section describes the theoretical description
of some plasma parameters of micro discharge that
formed in the DBD actuator, like; electron number
density (ne), electron temperature (Te), Debye length
(Ap), plasma parameter. (Np), and plasma frequency.
(wp). The electron temperature (Te¢) is the
fundamental plasma parameters which used to
describe the plasma state. In this work, the
Boltzmann plot was utilized to calculate electron
temperature, as [45-46]:

I7kiz 1 hclyz

In (gk,zzki,z) - k_TeEk'Z +in ( 47TPz) (1)
where Z is the species-related ionization state, C is
speed of light, k is Boltzmann constant, L is
characteristic length of the plasma, h is Planck's
constant, Ex is energy of the upper energy level k, g«
is degeneracy of the upper energy level k, Pz species
partition function in ionization stage Z, and 1z is
optically measured integrated intensity of a species in
ionization stage Z are all included. By graphing the
left-hand side of equation (1) against the upper-level
energy of the species in the Z ionization phase, a
linear relationship is observed. The slope of this line
corresponds to electron temperature in electron volts.

There are many methods adjusted to calculated
the electron number density, the Stark broadening
method is used in this work. The electron number
density was determined using the Stark broadening

method [47-50]:

- AL
no(em™) = 72| N, 0
where ws is the electron impact, ALk denotes the full
width at half maximum of the line, N, is the reference
electron number density, that equal of 106 cm for
neutral atoms and 107 cm for singly charged ions.

Debye length (Ap) is a fundamental quantity of
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the plasma that represents its ability to shield out
electric potentials that are applied to it. Ap is
determine of the sheath thickness or shielding
distance which can determined as [45,46,50,51]:

Ap = 7430(kT/n)V? m,T ineV 3)

The plasma parameter (Np) represent the number of
charged particles in the Debye sphere which can
calculated as [52,53]:

3

2
Np =ZnA3 = 138 x 106% ()

where Te is the electron temperature (in K) and n is
the plasma number density (in cm)

Plasma frequency (wp) can define as the electrons
oscillation around the original positions inside the
plasma as a results of the electric force that built up
due to the electrons displacement. This parameter
was calculated from [49,46]:

nge?\ /2
wp = (25) " (rad/s) )
where & is vacuum permittivity, e is the electronic
charged, no is the electron number density and me is
the electron mass

3. Experimental Part

Figure (1) displays the experimental arrangement
of magnetized DBD actuator system. The system
consists of two circular disc aluminum electrodes
with diameter 9 cm and thickness of 1 cm. Both
electric electrodes are submerged in a circular Teflon
container to preclude electrical sparks at edges of the
electrodes.

Magnetic

Pernm nent
<;‘:| Teflon

== Microdischrg

electrode

-::: Grounded
AC high voltage electrode
power supply

L

Fig. (1) Typical DBD actuator system

An AC high voltage (r.m.s is 22 kV) power
supply with AC frequency of 9 kHz was supplied of
one electrode, while the other electrode was
connected to the ground. The distance between the
two electrodes is 1cm and filled by air at atmospheric
pressure at room temperature. One circular magnetic
permanent (diameter of 7 cm and thickness of 1cm)
was located inside the Teflon under the powered
electrode in the parallel direction of the applied
electric field. When the AC high voltage was
supplied between two electrodes, a micro a discharge
was established in the air gap between two electrodes
in the absence and presence of the magnetic field. The
micro-discharge generated in the DBD actuator is
found by a high-resolution digital camera at various
horizontal distances ranging from 0 to 5 cm. The
emission spectra of the micro-discharge are recorded
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using the THOR LAB model CCS100 optical
emission spectrometer, manufactured in Germany.
The measurements are conducted in two scenarios:
one with the presence of a magnetic field and one
without. The wavelength range for the recorded
spectra is 320-740 nm. The magnetic field was
measured by Leybold Tesla meter and has the value
of 18.7 mT. The spectrometer was placed at an angle
45° from the direction of the magnetic field. The
results of the emission spectra of the micro-discharge
were adjusted with NIST database to determine the
micro-discharge characteristics in the electrodes gap.

4. Results and Discussion

Figure (2) shows a photograph of such micro-
discharges in air gap between electrodes at different
horizontal distance in the lack of the magnetic field.
Many features can be noted from this figure; the
photographs display that the micro-discharge current
is characterized by one distinct period of pulse,
corresponding to the micro-discharge which due to
streamer propagation.

Fig. (2) Influence of horizontal distance on the micro-discharge
that formed in DBD actuator in the absence of the magnetic
field

Micro-discharges (sometimes called current
filaments) generated from gases breakdown that
occur at atmospheric pressure in DBD. These
independent current filaments represent the most
interesting property of DBDs. The temporal
progression of the discharge current is significantly
affected by multiple factors, which encompass the
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actuator's geometry, the electrical properties of the
power supply, environmental conditions (such as
humidity, pressure, temperature, and ambient gas),
and the physicochemical attributes of the dielectric
material. The second half of the paper will further
explore the impact of geometry and electricity on the
generated body force and subsequent electric wind
[30].

The intensity of this micro- discharge depends
strongly on the characteristics of AC power supply
source. Increasing the horizontal distance from D
equal 0 to 5 cm, the micro-discharge intensity
increases. On the other hand, the effect of the
magnetic field on the micro-discharge that formed in
DBD actuator at different horizontal distances was
demonstrated in  Fig. (3). The illustration
demonstrates the visible confirmation of the micro-
discharge that takes place at the air gap between the
electrodes. The magnetic field's presence influences
the formation of micro-discharge in the air gap
between the electrodes.

Fig. (3) Influence of horizontal distance on the micro-discharge
that formed in DBD actuator in the Presence of the magnetic
field

Plasma images of three models are depicted in
Fig. (4). Upon comparing figures (2) and (3), it was
seen that the micro-discharge created in the presence
of the magnetic field exhibited a higher density
compared to the micro-discharge formed in the
absence of the magnetic field. The radiation emitted
from plasma provides further information about
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plasma characteristics [54,55]. Therefore, the optical
emission spectroscopy (OES) technique is commonly
employed for diagnosing of several types of
laboratory plasma.
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Fig. (4) Influence of horizontal distance on the emission spectra
of micro-discharge in DBD actuator in the absence of the
magnetic field
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Fig. (5) Influence of horizontal distance on the emission spectra
of micro-discharge in DBD actuator in the presence of the
magnetic field

In the present work, OES approach was used to
determine the characteristics of DBD actuator with
and without magnetic field. The emission spectra of
the micro- discharge that produced in the distance
between the electrodes at normal atmospheric air
pressure at wavelength range 320-740 nm in the
presence and absence of the magnetic field is
illustrated in figures (4) and (5), respectively. One
can observed from these figures that there are many
peaks of the ionic emission peaks of oxygen (Oll)
that appears at the wavelengths 337.029, 357.484,
380.298, 434.2003, 474.170, 708.3962, 715.608, and
734.635 nm. One atomic emission peak of nitrogen
(NI) appear of wavelength of 674.167 nm and two
ionic emission peaks of nitrogen (NII) detected at
wavelengths of 391.541 and 631.880 nm. As well as,
there are two molecular emission peaks of nitrogen
(N2I) corresponding to wavelengths 375.540 and
405.940 nm. When moving the electrodes
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horizontally from 0 to 5¢cm, the results detected that
intensity decreases as distance increases. This result
agree with references [46,56]. Finally, the
comparison of figures (4) and (5) shown that the
emission lines intensity are increases in the presence
of the magnetic field. This behavior can be explained
as; when a magnetic field it is expected that the acting
magnetic force on the electron particle motion in the
parallel direction of the electric field increases and
consequently its kinetic energy increases the
discharge current. Therefore, the micro-discharge
presented more homogeneous in space between the
electrodes. Consequently, the excitation and photo
emission processes becomes higher than that of
ionization case, which lead to a more luminous zone
higher than that without the magnetic field [42,57].
Te is the most plasma characteristic that described the
plasma state. Anyway, if we assumed that the local
thermodynamic equilibrium is established in the
plasma, then the number of excited atoms follows the
Boltzmann distribution to determine of Te.

1.495
@ without B field
1.49 " = with B field
1.485
148
>
o
°
1.475
147 4
1.465 -
[ ]
1.46 T T T T T
0 1 2 3 4 5 6

d(cm)
Fig. (6) The variation of electron temperature with moving
distance (D) in two cases with and without magnetic field

Table (1) O Il standard emission lines that used to calculate
electron temperature, and their characteristics

A(nm)  Aagc(S')  Ei(eV) Ex (eV)
337.714  2.66E+08 25.28562  28.95584
380.2984 1.36E+08 2656109 29.82035
7346895 1.72E+07  29.06224  30.74935
357.3763  2.01E+05 30.74935 34.21765

Using Eq. (1) with the data that listed in table (1),
the electron temperature was evaluated in the
presence and absence of the magnetic field as shown
in Fig. (6). From this figure one can observed that,
the variation of T, with distance D shown inverse
behavior when the magnetic field was applied. The
variation of T behavior with the distance D was due
to the variation of the surface area of the powered
electrode with the changing of the distance D. this
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result means that the characteristics of micro-
discharge changed in the presence of the parallel
magnetic field. In addition, the data shown also
because of the magnetic confinement, the electron
temperature decreases with increase of the distance
D. Anyway, the spectroscopic atomic lines that
emitted from the plasma represent the most reliable
technique for determining of the electron number
density (ne). Using stark effect based for
2=380.298nm and Eq. (2) can be calculated electron
number density at various horizontal distance utilized
the values (w,, =0.418A for peak A=380.298nm)
[58]. Figure (7) displays the variation of ne with
horizontal distance in two cases with and without
magnetic field. It is pointed out from this figure,
without magnetic field the electron number density
increased with increases of the horizontal distance.
This result agree with reference [56]. While when the
magnetic field was applied in the parallel direction of
electric field, the data detected the reduction in the
electron number density with increases of the
horizontal distance (i.e. reduces of the surface area of
powered electrode).
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Fig. (7) Variation of electron number density with moving
distance for with and without magnetic field at 9kHz frequency

Since the presence of the magnetic field has much
effect on the surface electrons, the electron diffusion
was increases which cause to reduce in the electron
number density. As well as, the decrease in the
electron surface dissipation is revealed in the
phenomenon that the intensity of reverse discharges
was significantly enhanced by the parallel magnetic
field. The dissipation of energetic electrons in the
heads of the avalanche was reduced by the parallel
magnetic field [44]. Figure (8) illustrated the effect of
the magnetic field on the variation of Debye length
(Ap) with the horizontal distance at atmospheric
pressure. One can noticed from this figure, the
presence of the magnetic field causes to change the
behavior of the Debye length with increases of
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horizontal distance (D). One can detected that the
micro-discharge channel becomes wider in the
present of the magnetic field.

0.25
< without B field
— = with B field
£
S 02 f -
S
ol i [ ]
s L 2
0.15 & »
01
0.05
0 1 1 1 1 1
0 1 2 3 4 5 6

d(cm)
Fig. (8) The effect of the magnetic field on the variation of Xp
as function of horizontal distance at atmospheric pressure

Finally, figure (9) demonstrated the influence of
the magnetic field on the number of charged particles
in the Debye sphere (Np) versus the horizontal
distance. On can observe that, when the magnetic
field is not exist, the plasma parameter is
approximately not affect by varying of the horizontal
distance. On the other hand, when the magnetic field
is applied the experimental curve of Np display that
there is slightly increase of Np when the horizontal
distance increases greater than 3 cm. this behavior of
Np means that the magnetic field causes the variation
of micro-discharge structure and the structure of the
micro-discharge also variation with horizontal
distance.
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Fig. (9) Influence of the magnetic field on the variation of the
plasma parameter as function of the horizontal distance at
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atmospheric pressure

5. Conclusion

In the current work, the experimental data
investigated that there is a significant effect of
electrode area on the properties of the micro-
discharge that formed in the DBD actuator in the
presence and absence of the magnetic field. The
presence of parallel magnetic field will effect on the
micro-discharge characteristics in all horizontal
distance. There is a significant the impact of the
parallel magnetic field on the surface electrons.
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Photosensitivity of Nb2Os/Si Thin
Films Produced via DC Reactive
Sputtering at Different Substrate
Temperatures

This study thoroughly investigates the potential of niobium oxide (Nb,Os) thin films
as UV-A photodetectors. The films were precisely fabricated using dc reactive
magnetron sputtering on Si(100) and quartz substrates, maintaining a consistent
power output of 50W while varying substrate temperatures. The dominant
presence of hexagonal crystal structure Nb,Os in the films was confirmed. An
increased particle diameter at 150°C substrate temperature and a reduced Nb
content at higher substrate temperatures were revealed. A distinct band gap with
high UV sensitivity at 350 nm was determined. Remarkably, films sputtered using
50W displayed the highest photosensitivity at 514.89%. These outstanding
optoelectronic properties highlight Nb,Os thin films' potential for use in
optoelectronic circuits and UV-A sensors, especially in the visible-blind range.
These findings underscore Nb,Os thin films' promise in advancing UV-A

SJR 2022 photodetector technology.
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1. Introduction

Metal oxide thin films have gained significant
prominence across various fields, including optics
and microelectronics. Among these materials,
niobium oxide (Nb,Os) stands out as a highly sought-
after transparent conducting oxide. Its distinct
electronic and optical properties render it a
compelling choice for a wide range of electronic and
optical applications [1]. Nb2Os, classified as an n-type
transition material, has undergone extensive
exploration due to its versatility in applications such
as gas sensors, catalysts, dye-sensitized solar cells
(DSSCs), displays, and optical coatings. Its appeal
lies in its favorable attributes, including remarkable
thermal stability, corrosion resistance, high refractive
index, and notably, a wide band gap [2-4]. In the
electromagnetic spectrum, UV light encompasses
higher frequencies beyond the human eye's visible
range. UV radiation spans from 200 to 400 nm, with
the sun serving as a primary source. While a
significant portion of the UV spectrum, particularly
the ultraviolet-C (UV-C) region (200-290 nm), and a
substantial part of the UV-B region (290-320 nm), are
absorbed by atmospheric molecules and sunscreens,
the longer wavelengths in the UV-A band (320-400
nm) penetrate the Earth's surface. Prolonged exposure
to UV-A radiation poses health risks, including an
increased the possibility of skin cancer [5]. Therefore,
efficient techniques for monitoring UV-A radiation
are essential. Numerous methods have been
employed to produce Nb,Os thin films, encompassing
dc magnetron sputtering, ion beam sputtering,
electron beam evaporation, thermal oxidation,
photochemical vapor deposition, plasma-enhanced
chemical vapor deposition, spray pyrolysis, sol-gel
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techniques, and pulsed laser deposition [6-10].
Among these methods, sputtering stands out for its
ability to produce thin films of diverse materials,
including oxides [11-15]. Renowned for its capacity
to deposit thin films with exceptional uniformity,
homogeneity, density, purity, adhesion, and
reproducibility at a high deposition rate, sputtering is
highly regarded in the thin film deposition realm [16-
21]. This technique facilitates consistent film
thickness over extensive substrate areas and is readily
accessible through commercially available sputtering
systems [22-26]. The resultant thin films exhibit
remarkable transparency and conductivity [27-30].

The present investigation endeavors to pinpoint
the optimal substrate temperature for producing
Nb2Os/Si thin  films  exhibiting  maximum
photosensitivity. The study scrutinizes the influence
of substrate temperatures on various film properties,
including  structural,  morphological,  optical
characteristics, and sensing capabilities. The insights
gleaned from this research hold the potential to
enhance the efficacy of photosensitive devices,
unlocking new possibilities in the realm of UV-A
radiation monitoring.

2. Experimental Work

This study aimed to investigate the substrate
temperature impact on the microstructure, optical and
electrical properties of niobium oxide (Nb2Os) thin
films. This material was deposited on quartz substrate
to evaluate their structural, morphological, optical,
and electrical characteristics. The deposition process
was carried out using a dc reactive magnetron
technique with a consistent power output of 50W. The
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sputtering target utilized 99.95% pure niobium disk
with a 5 cm diameter and 3 mm thickness.

Firstly, the quartz substrates have been cleaned by
soaking them in ultrasonic bath of isopropanol and
deionized water, followed by drying with nitrogen
gas. The sputtering process involved argon (Ar) gas
(99.99%) as the sputtering gas and oxygen gas as the
reactive gas. The vacuum chamber was evacuated at
4.2x10° mbar using a diffusion pump. The flow rate
of the Ar gas during sputtering process was
maintained at a constant 50 sccm. While the O, flow
rate was 5 sccm. The deposition process performed
for 120 minutes. Subsequently, the deposited thin
films annealed at 800°C for one hour in an ambient
air.

The x-ray diffraction (XRD) patterns were
analyzed using a Shimadzu XRD-6000 x-ray
diffractometer with CuK, radiation (0.154 nm) in the
20 range from 10° to 90°. The samples' crystal
structure and surface morphology were observed
using field-emission scanning electron microscopy
(FE-SEM), and statistical and image analyses were
conducted using Image J and Origin LAB. The optical
absorption spectra and optical energy gap of the
deposited thin films in the 300-1100 nm wavelength
range were determined using a Shimadzu UV-1650
PC UV-Visible spectrophotometer. Light sensitivity
measurements were performed using Sensible Fluke
8846A digital electrometers.

3. Results and Discussion

The XRD patterns of Nb,Os thin film samples that
fabricated under a constant dc power of 50W with
variant substrate temperatures (room temperature,
100°C and 150°C), are illustrated in Fig. (1). The
result shows that all samples exhibited the presence
of a hexagonal Nb,Os structure. Elevating the
substrate temperature notably enhanced the
crystallinity of the samples. Such as, the sample
fabricated with 50W DC power and substrate
temperature of 150°C displayed the highest degree of
crystallinity. This is an evidence of presence four
distinct peaks corresponding to the (001), (100),
(101), and (002) lattice planes, discernible at 26=
22.38°, 28.52°, 36.76° and 46.11°, respectively [31].
These observed peaks were found to align with
JCPDS card no. 00-028-0317. Furthermore, the
elevation of substrate temperature resulted in
narrower diffraction lines, signifying larger crystallite
sizes. This phenomenon can be attributed to the
increased thermal energy at higher temperature,
allowing atoms to arrange themselves more
effectively during the thin film growth process and
reducing the grain boundaries [32-34]. The increase
of substrate temperature also reduced crystal defects,
dislocations and lattice strain caused by the nano-size
effect. The assessment of crystallite size was
performed using the Scherrer’s formula, with focus
on the (001) crystal plane. The results revealed that
crystallite size ranged from 21.7 to 26.0 nm, with an
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increase in substrate temperature from room
temperature to 150°C. Table (1) provides
comprehensive data on the measured crystallite sizes
corresponding to the most prominent peaks, including
peak positions, Miller indices and full-width at half
maximum (FWHM) values [35]. These XRD findings
underscore the significant influence of substrate
temperature on the crystalline properties of Nb,Os
thin films, offering valuable insights into the
structural characteristics of the materials under
investigation.
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Fig. (1) XRD patterns of Nb,Os thin films deposited at various
substrate temperatures using 50W DC power

Equation (1) can be used to compute the
absorption coefficient for the frequency associated
with the highly absorbent region. This involves using
the values of absorption (A) and thickness (t) to
derive the coefficient:
a=2303% (1)

Both crystalline and amorphous materials exhibit
distinct and noticeable characteristics in their
fundamental absorption edges. Before determining
the band gap of the material, it is crucial to understand
the transition from the valence band to the conduction
band. The energy band gap (Eg) can be calculated
using Eqg. (2) [36]
ahv = B(hv — Eg)" 2
The optical absorption coefficient (o) is determined
by various factors, including the optical energy gap
(Eg), the material structure () and the index (r) that
describes the optical absorption process, according to
the provided equation [37,38]. The absorption-
causing electronic transition's r-coefficient was 0.5

Our results show good agreements with previous
studies, demonstrating direct optical transitions [39].
The optical absorbance curves of Nb2Os thin films
fabricated using a constant dc power of 50W at
various substrate temperatures (RT, 100, and 150 °C)
in the wavelength range of 200-800 nm are presented
in Fig. (2). It can be observed that the films exhibit
high transparency in the visible region. As the
substrate temperature increased, there was a decrease
in absorbance, which can be attributed to the
reduction of defects. This improvement in
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crystallinity and reduction in optical scattering at
grain boundaries contributed to the reduced
absorbance [40].

4.0 ——T¢=RT°C
—— T=100°C
351 —— T=150°C

N
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L
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2(I)0 3(I)0 4(I)0 S(I)O 6(I)0 7(I)O B(I)O
Wavelength (nm)

Fig. (2) UV-visible spectra of Nb,Os thin films fabricated using

50W DC power at different substrate temperatures

Usually, the optical band gap variations are
attributed to the Moss-Burstein shift, a phenomenon
commonly referred to as a blue shift. This shift is
typically a result of an increased carrier concentration
stemming from the filling of the optical band.
Conversely, a redshift, characterized by a decrease in
the optical band gap, is believed to be induced by
many-body effects, including interactions between
electrons and electrons or impurities, leading to an
excessive density of donors surpassing a certain
threshold [41].

Figure (3) presents the relationship between the
square of the product of the optical absorption
coefficient (o) and photon energy (hv) for Nb,Os thin
films generated using a 50W dc power source at
various substrate temperatures. The outcomes
revealed an escalation in the energy gap from 3.93 to
4.60 eV as the substrate temperature increased from
room temperature to 150°C. This increase in substrate
temperature corresponds to a rise in the oxygen
content within the deposited thin film. As the oxygen
content increases, the presence of oxygen vacancies
within the film decreases. The variation in oxygen
content with changing substrate temperature directly
influences the energy band gap of the thin film.
Specifically, an increase in oxygen content can lead
to an expansion of the energy bandgap. This effect is
attributed to the role of oxygen atoms as electron
acceptors, contributing to the widening of the energy
gap between the valence and conduction bands [42].

In summary, the observed changes in the optical
band gap of Nb,Os thin films can be attributed to
alterations in oxygen content induced by varying
substrate temperatures. These findings shed light on
the connection between material composition and
optical properties, offering insights into the potential
applications of these thin films in optoelectronic
devices.
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Fig. (3) Variation of (ahv)? with (hv) for Nb,Os thin films
deposited using 50W dc power at different substrate
temperatures

The FE-SEM images presented in Fig. (4) provide
a comprehensive view of the surface morphology of
Nb2Os thin films. These films were meticulously
deposited onto quartz slide substrates under
controlled temperatures, namely room temperature
(RT), 100°C and 150°C, while maintaining a constant
sputtering power of 50W. Examination these images
reveal a distinct trend highlighting the influence of
substrate temperature on the structural characteristics
of the thin films.

The substrate temperature significantly influences
thin film deposition and particle size distribution from
a physics perspective. As substrate temperatures rise,
the thermal energy of atoms on the substrate surface
increases significantly. According to statistical
mechanics, the elevated thermal energy enhances
atomic diffusion, allowing atoms from the sputtered
material to move more freely across the substrate
surface. This enhanced atomic mobility that plays a
pivotal role in the formation of smaller particles
during thin film deposition, as atoms have a higher
probability of encountering each other and forming
bonds at shorter distances. These principles are
governed by Fick's laws of diffusion, which describes
the particles dispersion through a medium over time
[43]. Additionally, substrate temperature impacts the
nucleation and growth processes of thin films.
Nucleation refers to the initial formation of particles,
while growth involves their subsequent increase in
size [44].

The increased thermal energy promotes the
mobility of atoms, leading to a higher rate of
nucleation. Importantly, the growth rate remains
moderate, resulting in the formation of smaller and
more uniform size of particles.

However, at higher substrate temperatures, such
as 150°C, the elevated thermal energy not only boosts
nucleation but also accelerates growth. This behavior
aligns with classical nucleation and growth theory
and is consistent with the principles of statistical
physics [45].
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Fig. (4) FE-SEM images of Nb,Os thin films deposited at a
constant dc power of 50W and different substrate
temperatures: (a) RT, (b) 100°C, and (b) 150°C
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Figure (5) illustrates the EDX spectra of Nb,Os
thin films deposited on quartz slide substrates at
various temperatures (RT, 100, and 150°C) using a dc
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sputtering power of 50W. These spectra exhibit
multiple peaks corresponding to the emission lines of
oxygen (O) and niobium (Nb). Notably, an increase
in substrate temperature leads to higher oxidation
levels, resulting in an elevated oxygen concentration
from 80.5 at.% to 94.2 at.% and a decrease in Nb
concentration from 19.5 at.% to 5.8 at.%. This
process potentially reduces the number of electron
vacancies, leading to a decline in the concentration of
charge carriers [46]. Excess oxygen beyond its
stoichiometric ratio on the surface of nanoparticles
can be attributed to the presence of adsorbed oxygen
species  originating  from  the  surrounding
environment. Additionally, the EDX spectrum
displays a distinct peak at 1.75 eV, corresponding to
silicon emissions. This peak serves as an indicator of
the quartz (SiO2) substrate employed in the deposition
process, highlighting the thoroughness of the
elemental analysis.

The 1-V characteristics are important parameter
for assessing heterojunctions, representing the current
response under different forward and reverse biases
in both dark and light conditions. Figure (6) illustrates
the typical 1-V characteristics of Nb.Os thin films
fabricated on p-type Si (100) substrates at a constant
power of 50 W at RT, 100°C, and 150°C. The I-V
measurements were performed under various light
intensities showing an increase of photocurrent with
higher light intensity. The experiment involved a
voltage sweep from -1 to 1 V. The I-V characteristics
exhibit two types of currents: the forward dark current
which driven by majority carriers and the
recombination current which occurring at lower
voltages due to the concentrations of majority and
minority carriers exceeding the intrinsic carrier
concentration (ni?<np). Additionally, a small increase
of recombination current observed at low voltage
regions which attributed to electron excitations from
the valence band (V.B) to the conduction band (C.B).
As voltage increases, the diffusion current dominates,
resulting in an exponential increase in current
magnitude [47]. On the other hand, the decrease of
reverse bias current with increasing substrate
temperature in Nb2Os thin films which can be
attributed to the reduction of interface states and trap
levels at the metal/semiconductor interface that
leading to improve Schottky barrier height (SBH) and
ideality factor (IF) of the metal/Nb.Os contact. This
reduction in trap levels and interface states at higher
temperatures can be attributed to improve
crystallinity, reduced oxygen vacancies in the Nb,Os
thin films and decreased roughness of the Nb,Os
surface. Consequently, more uniform and defect-free
Nb2Os/Si interface is achieved, resulting in a decrease
in reverse bias current.

Figure (7) illustrates the time-dependent
photosensitivity characteristics of Nb,Os thin films
excited with UV light of 350 nm wavelength and an
intensity of 0.0004 W/cm2. The samples were
fabricated at RT, 100°C and 150°C. The dark current
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values the films were measured at 0.038, 0.028, and
0.013 pA, respectively. Upon UV illumination, the
photocurrent significantly exceeded the dark current,
surpassing it by a factor of over ten. The light
sensitivity of Nb,Os thin films was assessed using Eq.
@Q):

S = % x 100% ©)

where Ion represents the photocurrent and g
represents the dark current. This evaluation yielded a
sensitivity of 514.89% at a substrate temperature of
RT
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Fig. (5) EDX spectra of Nb,Os thin films fabricated using 50W
dc power at different substrate temperatures
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Fig. (2) Dark and illumination I-V characteristics of Nb,Os thin
films fabricated using 50W dc power at different substrate
temperatures (RT, 100 °C, and 150 °C)

Interestingly, as the substrate temperature was
gradually increased from RT to 100°C, light
sensitivity exhibited a consistent decrease, reaching
its maximum value of 244.71% at 100°C. However,
at a substrate temperature of 150°C, the sensitivity
experienced a decline to 67.63%.

The primary observation of significant importance
is the notably heightened level of photosensitivity
demonstrated by the UV sensor when employing the
sample growth under constant sputtering power
conditions of 50W and a substrate temperature at RT.
This enhanced performance can be attributed to the
distinct attributes inherent to the film produced under
RT conditions. The film displays reduced reflectance
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spectra in the UV range, a quality that holds
considerable advantages in the domain of
photodetection devices.
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Fig. (7) Time-dependent photosensitivity of Nb,Os thin films
deposited using dc power of 50W at RT, 100 °C, and 150 °C

The reduction in sensitivity as the deposition
temperature increases is not an arbitrary outcome.
Instead, it can be rationalized by the elevated
temperatures' ability to induce a heightened degree of
reflectivity within the film, particularly in the UV
spectrum. This amplified reflectance phenomenon
functions to restrict the amount of UV radiation
absorbed by the film, consequently resulting in the
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reduction of photo-induced charge carrier generation,
the very essence of photosensitivity [48].

4. Conclusions

This research achieved a successful deposition of
high-quality Nb2Os thin films onto quartz substrates.
Well-defined polycrystalline hexagonal structures in
the Nb2Os thin films were confirmed, a finding
consistently observed across varying substrate
temperatures. Moreover, a noticeable increase in
particle size and stronger inter-particle connectivity
of substrate temperature at 150°C was revealed.
Notably, an escalation in dc power correlated with an
increase in the direct optical energy gap. Furthermore,
a decrease in Nb content with rising substrate
temperature was observed. This investigation
extended to the deposition of Nb,Os thin films on
silicon wafers and results demonstrated a swift and
substantial response to UV light at 350nm,
showcasing an impressive photosensitivity rating of
514.89% upon exposure.
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Table (1) XRD parameters for Nb,Os thin films deposited by different substrate temperatures

Ts(°C) 20(Deg) FWHM(Deg.) Relativelnt. dwiExp.(A) D(nm) dnaStd.(A)  hkl
224312 0.3727 100.0 3.9604 217 39300  (001)

RT 28.8199 0.4259 106 3.0953 19.3 34200 (100)
36.8057 06110 56 2.4400 13.7 24460  (101)

46.0958 0.4259 113 1.9676 203 1.9620  (002)

223834 0.3368 100.0 3.9687 24.0 39300  (001)

100 288083 04182 6.9 3.0966 196 34200 (100)
36.7358 04922 44 2.4445 17.0 24460  (101)

46.1917 0.4145 11.2 1.9637 208 1.9620  (002)

22.3834 0.3109 100.0 3.9687 26.0 39300  (001)

150 285233 0.3959 11.0 3.1268 207 31200  (100)
36.7617 0.4440 76 2.4428 18.9 24460  (101)

46.1140 0.4100 93 1.9668 211 1.9620  (002)
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Effect of Annealing Temperatures
on the Color Properties of Copper
Oxide Films Prepared by the Sol-
Gel Technique

Sol-gel spin coating was employed to produce thin films on the glass substrate,
which were subsequently heated to 300,400, 500, and 600 degrees for annealing.
The effect of annealing temps on some physical features of the prepared films, such
as XRD, AFM, FESEM, and UV-visible spectrophotometer, was studied. X-ray
diffraction patterns showed the coexistence of two phases, Cu20 and CuO.
According to the AFM findings, the root mean square (RMS) for thin films has been
found to increase from 50.72nm at 300°C annealing temp to 122.0nm at 600°C and
surface roughness and grain size rate increase with increasing annealing temp.
Experimental findings indicated that the transmittance of films increases with
increasing annealing temp. The viewable region's transmittance was 88% at 500°C.
In this work, the color coordinates of copper oxide were determined. Three critical
color attributes were measured utilizing CIE1931 technology to monitor color values:
brightness, color purity, and dominant wavelength. The findings illustrated that the
color purity and the dominant wavelength decrease with increasing annealing temp,
and these values ranged between (0.7-0.51) and (563-556), respectively, when the
temp increased from 300°C to 500°C, in contrast to the brightness values, which
increased with increasing annealing temps.

Keywords: Thin films; Copper oxide; Atomic fprce microscopy; CIE1931
Received: 04 November; Revised: 05 December; Accepted: 12 December 2023

Copper oxide, as a metal oxide, is a
semiconductor widely utilized in photovoltaic
devices, including the absorption layer, electron
transport layer, transparent electrodes, and photo
anode [1]. Copper oxide exhibits p-type conductivity
and has a monoclinic crystal structure [2]. Copper
oxide has three various phase structures: the
monoclinic tenorite (CuO) phase, in which the band
gap value ranges from 1.3 to 2.1 eV, and sometimes
it has a larger band gap of about 3 eV [3,4]. Moreover,
the cuprite phase (Cu.0) has A cubic structure and a
band gap between 2.0 and 2.6 eV in addition to the
parameclonide phase (CusOa.) [5]. The development
of thin film technology began to increase when the
world urgently needed to manufacture integrated
circuits. The most crucial feature of thin films is their
low cost and small size compared to matter in its
volumetric state [6]. Numerous deposition technigques
involving spray pyrolysis, vacuum evaporation,
chemical vapor deposition (CVD), and molecular
beam epitaxy have been utilized to prepared Copper
oxide thin films [7]. Among the techniques for
preparing thin films is the spin coating technique due
to its low cost and the possibility of obtaining a
homogeneous film with a large area. In addition to
controlling the features of the thin film depending on
the concentration and type of material and the
annealing temp [8]. Sol-gel technique is ideal for
preparing thin films of one thickness on solid, flat
substrates [9,10]. In general, the principle of sol-gel
synthesis is based on chemical colloidal materials,
representing solid raw materials that dissolve in
specific solvents and transform into homogeneous
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solutions under controlled conditions, for example
temp and pressure. The dispersed phase is then
converted into a gel under the same controlled
conditions [11]. In general, the gelation process
includes the transformation of the system from the
liquid state (sol) to the gel state (gel) [12].

In this research, color was studied in order to
control the color and its intensity, because thin films
are used in many applications that may need to
remove the color or control it according to what is
required. It was found that the best color removal was
at a temperature of 500°C.

2. Experimental detail

Thin films of copper oxide were prepared at
various annealing temperatures. A 0.2 g of copper
acetate was dissolved in 50 ml isopropanol alcohol.
The mixture was stirred on a magnetic mixer for 20
minutes. The temperature of the solution was
gradually raised until it reached 60°C and maintained
at this temp. A 1 mL diethanolamine was added drop
by drop to the solution with continuous stirring until
the solution was homogeneous and became a clear,
dark blue color. The solution was removed from the
magnetic mixer and kept in an airtight glass bottle for
one day. After one day, the solution was filtered with
filter paper and deposited on the glass bases. The
glass bases were cleaned with water and detergent
and then washed with distilled water. The glass bases
were placed in acetone and ethanol for ten minutes.
The bases were dried in an oven at 250°C for ten
minutes. The glass base was placed in the middle of
the rotary coating device, and the solution was
dropped onto the base in drops. The device was
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rotated at a speed of 3000 rpm for 30 minutes, and
then the deposited film was dried at a temperature of
250°C. The process was repeated ten times. Finally,
it was annealed at temperatures ranging in 300-
600°C. The morphological and optical features have
been investigated utilizing x-ray diffraction (XRD)
patterns, atomic force microscopy (AFM), field-
emission scanning electron microscopy (FE-SEM),
and UV-visible spectrophotometry in the spectral
range of 300-1100 nm.

3. Results and Discussion

Figure (1) illustrates the XRD patterns of CuO and
Cu20 thin films prepared by sol gel spin coating
method at different annealing temperatures. The
results of XRD examination of copper oxide films
prepared using the gel solution technique and at
temperatures of 300, 400, 500, and 600°C showed
that they have a polycrystalline structure. They
confirm the coexistence of two phases: the cubic
copper oxide phase (Cu.0) at a temperature of 300 °C
and it turns into a monocrystalline copper oxide
phase, inclination (CuO) when temperatures increase.
They are detected by JCPDS standard card number
00-005-0667 and 00-045-0937, respectively.
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Fig. (1) XRD patterns of CuO and Cu,O thin films prepared by
sol gel spin coating method at different annealing temperatures

As for the Cu,0 phase, peaks 36.436° and 42.151°
appeared at levels (111) and (200), and these results
are consistent with the results of researchers [13]. As
the annealing temperature increases, the CuO phase
begins to appear with peaks at 32.47°, 35.48°, 38.60°,
48.70°, 53.29°, 58.34°, 61.52°, 66.35°, 68.07°,
72.49°, and 75.14° for levels (-110), (002), (111), (-
202), (020), (202), (-113), (-311), (-220), (311), and
(004), respectively, and with the prevailing trend of
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growth (002), these results are consistent with the
results of researchers [14-16].

Atomic force microscopy (AFM) was utilized to
study the topography of the surfaces of deposited
films and the extent of the effect of annealing on
them. Figure (2) illustrates AFM images. From table
(1) and Fig. (3), it was found that the root-mean-
square (R.M.S.) roughness, the surface roughness,
and the grain size increase with increasing annealing
temperature; it has been detected that all surfaces of
the films are regular and homogeneously distributed
in the form of a horizontal matrix with low peaks
facing upward, separated by nanoscale spaces and
that the films possess a large number of crystals that
are aligned and connected regularly on the, without
interstitial cracks or voids, and holes in the structures.

The topography of the surfaces of the prepared
Cu.0 films and annealed at temperatures of 300, 400,
500, 600°C was studied utilizing the FE-SEM, which
depicts the surfaces with high resolution and
magnification. Figure (4) illustrates the FE-SEM
images of the prepared copper oxide films with
magnification of 50kX and 100kX.

Table (1) Results of the AFM examination

A-T | RMS. | Surface Roughness | Average Grain Size
(°C) | Sq(nm) Sa (nm) (nm)
300 | 50.72 39.26 142.8
400 | 91.21 68.68 146.4
500 | 417.8 343.2 1974
600 | 122.0 99.82 100.6
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Fig. (2) 3D AFM images at various annealing temperatures for
the prepared Cu,O and CuO thin films
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Fig. (3) Variation of the RMS roughness and surface roughness
with annealing temperature

It is noted from the figure that the surface
composition of the films consists of cauliflower-like
shapes, with an apparent increase in the particle size
composition with increasing temp due to increased
granular growth. It was observed through energy-
dispersive x-ray spectroscopy (EDS) examination
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that the copper oxide films consist of copper and
oxygen concentrations only, and there are no
concentrations of other elements, indicating the purity
of the copper oxide films deposited on the substrate.
Table (2) illustrates the percentages of oxygen and
copper, and figure (5) illustrates images of EDS
analysis.

Table (2) Approximate percentages of elements present in the
thin films prepared at various annealing temperatures

T(°C) | Element | Atomic % | Weight %
300 0 49.28 19.65
Cu 50.72 80.35
400 0 443 1.15
Cu 95.57 98.85
500 0 37.28 13.02
Cu 62.72 86.98
600 0 43.93 16.48
Cu 56.07 83.52

The transmission spectra as a function of
wavelength for films made of CuO and CuO that
were prepared and annealed for one hour at annealing
temperatures of 300, 400, 500, and 600°C are
displayed in Fig. (6). It has been observed that as the
wavelength and annealing temperature rise, the
transmittance also rises. The transmittance of the film
annealed at 600°C is an exception to this rule, as its
transmittance drops. The cause is that the glass
utilized in the deposition process distorted due to the
high annealing temperature, which reduced the glass's
transmittance. The coordinates and color values can
be found in the CIE 1931 system from the
transmittance measurements.

After obtaining the transmittance spectrum curve
for copper oxide utilizing a UV-visible
spectrophotometer, some mathematical conversions
can be made on the transmittance or absorbance
values, which will yield a table of T, values for light
with equal gradations of wavelengths for the range
380-770nm. The transmitting light's tristimulus
values (XT, YT, ZT) and color coordinates (X, Y, z)
can be computed by applying successive steps to the
transmittance values T,, which were ascertained by

CIE [17,18].

Xr =kX P Th X3 1)

Yr =kYXP T Y )

Zr =ff002P/1 T, Z, 3)
=51, (4)

P, represents the power distribution curve of the
employed light source, and (Xy <Y»+Z,) represents the
distribution coefficient values of the light source. The
color coordinate magnitudes for the CIE system are
determined utilizing the specimen's Tristimulus
values of X, YT, and Zr.

X

xr= X+¥+Z (5)

y= X+ZY+Z (6)

z= X+Y+Z (7)
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600°C

Fig. (4) FE-SEM images for the prepared Cu,O and CuO thin
films at various annealing temperatures

Tables (3) illustrate the color coordinate value (x,
v, and z) of the CIE color system, which is utilized to
find three other critical color value: dominant
wavelength, color purity, and brightness.

The color purity change at various annealing
temps is depicted in Fig. (7). A sample with a lower
color purity values implies that it contains less color;
hence, a sample with a purity of 0% indicates that all
color has been removed. Figure (8) illustrates the
brightness of thin films. A perfect white diffuser is
represented by a thin film when its brightness value
reaches 100%.
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Fig. (5) EDS analysis results for the prepared Cu,O and CuO
thin films at various annealing temperatures
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Fig. (6) Transmittance as a function of wavelength for the Cu,O
and CuO thin films prepared at various annealing temperatures
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4. Conclusions

Thin films of copper oxide have been prepared on
glass substrates utilizing the sol-gel spin coating
technique, and the impact of annealing temp on the
morphological, optical features, and color
coordinates was studied. The coexistence of Cu,O
and CuO phases was confirmed. The results
confirmed that the grain size and surface roughness
increased with increasing annealing temperature. The
highest transmittance of 88% has been gained at the
annealing temperature of 500°C in the visible region.
The best color removal was at temperature of 500°C.
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600 | 0.5488 | 0.3310 | 10.63 569 29.32 0.67

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

PRINTED IN IRAQ

362



IRAQI JOURNAL OF APPLIED PHYSICS

Vol. 20, No. 2B, May 2024, pp. 363-368

Study of Optical, Electrical, and

Saleem H. Trier

Structural Properties of Zinc-

Doped CdTe Films by Chemical
Bath Deposition

Department of Medical Physics,
College of Science,

University of Al- Qadisiyah,
Diwaniyah, IRAQ

Thin layer coatings of CdZnTe were prepared using a non-aqueous chemical bath
deposition method. X-ray diffraction (XRD), scanning electron microscopy (SEM),
field-emission scanning electron microscopy (FE-SEM), Fourier-transform infrared
spectroscopy (FTIR), photoluminescence (PL), UV-visible spectroscopy, Raman

spectroscopy, and Hall effect analysis were used to examine the deposited films.
Results indicates that the deposited films exhibit polycrystalline characteristics of
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cubic zinc-blende. Evaluations were conducted on the structural characteristics,
including dislocation density, lattice constant, micro-strain, and crystallite size. The as
deposited films are smooth, uniformly sized, spherical grains that are dispersed in
both single-state and cluster form, according to FE-SEM and SEM results. It was
found that the average crystallite size of the film was 12.33 nm and the energy gap

0.19 was 2.2 eV, which is responsible for the large transmittance, and that the resistivity of
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the film deposited at room temperature was 5x10° Q.m.
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1. Introduction

CdznTe is a direct energy gap semiconductor
with outstanding properties and is from the most
suitable materials for ambient temperature detectors
for X-rays and gamma rays due to its short leakage
currents as well as high quantum efficiency in
detector sensors [1]. CdZnTe is an interesting subject
for imparting exotic electrical and optical properties.
CdznTe has a triplet energy gap which is constant for
all alloy compounds and can be estimated at
approximately (1.5-2.3) eV at ambient temperature
[2]. It has been shown that several physical features
are required to operate the detector, for example
increased atomic number (2) to achieve the good
atomic radioactive conductivity, and a sufficiently
large energy gap is required. To achieve a high
magnitude resistivity to keep the noise associated
with the short external flux current in the sensor. The
broad cross-sectional area of photoelectric absorption
of gamma rays allows for efficient conversion of
gamma ray energy into electrical energy, a large
intrinsic mobility lifetime (ut) product, and a
reduction in electronic interference. The cubic zinc
hybrid lattice of this ternary compound has an atomic
number that is extremely similar to that of CdTe.
CdZnTe has been applied to solid-state devices such
solar cells, photodetectors or sensors, and light-
emitting diodes [3]. The application of CdzZnTe
technology has expanded in recent years, particularly
in the domains of space science, nuclear medicine,
and national security. It is related to imaging
techniques like x-ray or gamma-ray tomography, x-
ray fluorescence, etc. in the field of nuclear medicine.
Implementing national security mostly entails
finding, following, or detecting radioactive elements.
Examples of this include tracking nuclear power
plants for environmental change and welfare, as well
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as inspecting nuclear weapons. The high energy
focusing telescope is connected to implementation in
space science (HEFT) [2]. Recently, a range of thin
film  deposition  techniques, including as
electrodeposition[4,5], thermal evaporation [6],
magnetron sputtering [7], closed space sublimation
[8], and chemical bath deposition [9], have been
developed to create CdZnTe thin film layers.

Chemical bath deposition (CBD) technology is
the most straightforward and cost-effective of all
operating techniques. In comparison to other
methods, it also offers vast area deposition and high
deposition rates [10,11]. As a result, it satisfies the
standards for the production of solar devices [9].
Since the non-aqueous mode allows greater flexibility
and is more convenient than the aqueous mode, so in
this study, CdznTe films deposited on nickel
substrates were prepared using chemical bath
deposition in a non-aqueous medium. Working at
high temperatures can be done using non-agueous
techniques, giving a wide range of substrates. Of
course, no hydrogen gas is produced, unlike the
water-based concept, leaving a hole-free layer.
Detectable and post-infrared optical transmission, X-
ray diffraction, and field emission scanning electron
microscopy (FE-SEM) were used to analyze the
deposited layers.

2. Experimental Techniques

0.05M  TeO;, 0.05M cadmium acetate
(Cd(CHsCOz)), 0.125M NaBHs, and 0.5M ZnCp,
deliquesced in 40ml ethylene glycol were used to
aggregate the osmolality. First, fill a beaker with 40
mol of ethylene glycol. Stir the mixture moderately
for two hours using a magnetic stirrer, and maintain
the temperature of the combined solution at 160°C.
0.05M TeO; is added and stirred for 10min., followed
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by 0.05M Cadmium acetate and 5min. of stirring.
After the compound reaches 160°C, 0.125M NaBH4
is added and stirred for 2hours ,Finally, 0.5 M ZnC),
was introduced into the solution and stirred for the
next 2 hours. With the help of a rigid support, a Ni
plate of size 2.5x1.5cm was immersed in the
electrolyte and the film was continuously deposited
for 15min.

The color of the sediment is black. The films were
washed with distilled water and dried at room
temperature. Examine the structural form and
composition as well as optical properties of the
deposited film to observe its solid-state properties.

3 .Results and Discussion

Figure (1) displays the x-ray diffraction pattern of
the CdZnTe film that was deposited on a Ni substrate.
The final film has good physical stability and
adhesion. The range of the XRD spectra is still (20-
90)°. The figure illustrates the indicated peaks present
in the CdZnTe film at 26 = 23.01°, 40.45°, 51.27¢,
56.9°, 67.7°, and 81.4°. These peaks are recognized
as (111), (220), diffraction planes of (222), (400),
(331), (420), and (511) cubic zinc whisk structures
[12]. It was discovered that the sphalerite structure's
cubic phase with thin CdZnTe coatings was a feasible
polycrystalline phase with a (111) preferred
orientation [8]. Additionally, phase exclusion, or two
aspects (ZnTe and CdTe) with ZnTe having (012)
preferred orientation and CdTe having (222) and
(331) preferred orientations, was detected in the
deposited CdznTe films. It displays, among other
things, peaks for Cd and Te, where the optimal
orientations for Cd are (101) and (110) and Te is
(220). Scherrer's formula was used to get the average
crystallite size (D), as indicated in Eq. (1) [13,14].
While the 26 value of the (111) peak and the Bragg
equation of the cubic arrangement both of which are
given in table (1) are used to compute the lattice
constant (a) and inter-planar spacing (dna) of the
cubic state.

D= K (1)

- BcosO
To estimate the micro-strain in the film, use the

following equation [15]
e= =2 @

The deposited CdZnTe has an average particle
size of about 68 nm. The cast film's CdZnTe lattice
invariance coefficient is 6.7A. It is well known that
atoms' elimination discrepancies with respect to their
reference lattice positions can alter the lattice tension
in thin coatings that have been applied [8]. The
dislocation density of the CdznTe film that was
deposited was determined by applying the
Williamson-Smallman formula.

1
o = -y (3)
D
The calculated 260, dna, and Miller indices for the
deposited CdZnTe thin film are provided in table (2).
Table (3) lists dislocation density and the micro-strain

of the CdZnTe thin films that were deposited.
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Fig. (1) XRD spectrum of the prepared CdZnTe thin film

Table (1) The inter-planer spacing (ISP), lattice constant (a),
and crystalline size (D) of the deposited CdZnTe thin film

. Average
Sample | dys (A) Lattnc(c;)c(%l;stant Crystalline
Size (D) (nm)
1 3.854 6.692 67.87

Table (2) Values of 20, dna , and Miller indices of the
deposited CdZnTe thin film

Measured values Standard values

20 d Miller 20 d Miller
(deg) "™ | indices | (deg) "™ | indices

2310 | 3.840 | (111) | 23.74 | 3743 | (111)

4055 | 2207 | (220) | 4060 | 2218 | (220)
5137 | 1760 | (222) | 5050 | 1.805 | (222)
5698 | 1600 | (400) | 5683 | 1618 | (400)
6780 | 1.362 | (420) | 6683 | 1.398 | (420)
8150 | 1.160 | (511) | 8091 | 1.197 | (511)

Table (3) Micro-strain and dislocation density of the CdZnTe
thin film that were deposited

Micro-strain (x103) | Dislocation density (x10'%cm-2)

29.39 2.163

Surface diagnostics of deposited CdZnTe films
using FESEM and SEM are displayed in Fig. (2).
25kX and 50kX magnifications were used for FE-
SEM and SEM photography, respectively. The
deposited layer shows smooth, consistently sized
spherical particles, as the figure illustrates. The
spherical particles are dispersed both single states and
in clusters on the whole upper surface of the films.
This demonstrates the CdznTe film's crystallite
nature. Agglomeration of CdZnTe elemental particles
was seen in the FE-SEM and SEM of the formed
films, leading to the formation of nanoclusters [16].
The film comparison also shows that the deposited
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film contains thick grains with an average grain size
of 12.33 nm and no holes or pits.

Figure (3) shows how the elements composition
of the as-cast CdZnTe the film is analyzed. EDS
signals were captured between 0 and 20 keV in
binding energies. The as-deposited CdZnTe film
contains zinc (Zn), tellurium (Te), and cadmium (Cd),
as seen by the peaks in Fig. (3).

Table (4) shows the percentage weight and atomic
content of the deposited film. It was found that the
average atomic percentages of Cd, Zn, and Te were
17.64%, 1.44%, and 80.92%, respectively. As stated
in the research [17], zinc’s share of the element ratio
in the CdZnTe film is significantly less than that of
tellurium and cadmium. The deposition of
stoichiometric films was revealed by EDS analysis of
the as-deposited CdZnTe films.
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Fig. (2) FE-SEM and SEM images of the deposited CdZnTe
film (1,2) FE-SEM at 25 and 50kX, (3,4) SEM at 25 and 50kX
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Fig. (3) EDS spectrum of the deposited CdZnTe film

Table (4) Elemental analysis of the deposited CdZnTe film

Element | Atomic (%) | Weight (%)
Cd 17.64 9.91
Zn 1.44 1.39
Te 80.29 88.71

The FTIR spectrum of the CdznTe film as
prepared is shown in Fig. (4). The CdZnTe sample
demonstrates the existence of C-H, carboxyl, and
hydroxyl groups. It also exhibits C-O stretching. The
presence of OH stretching as a result of air pressure
is shown by the large peak 3278.99 cm™ [18]. The
alkane functional group's C-H bent bond structure is
thought to be represented by the tiny peak 1330.88
cm® [19]. Alkene (=C-H) bending vibration is present
as indicated by the peak 921.97 cm? [20]. The
stretching mode of aliphatic amines was identified as
the peak 1072.42 cm? [21]. It is believed that the
bending mode of aromatic C-H functional groups is
responsible for the peak 682.80 cm? [22]. The
appearing absorption band is associated with wave
856.39 cm™ and can be ascribed to the CdZnTe thin-
layer coating's stretching vibration [8]. Table (5)
displays various functional groups found in the
deposited CdZnTe films.
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Fig. (4) FTIR spectrum of the deposited CdZnTe film

Table (5) Assignments of molecular vibrations of deposited

CdznTe film
Positions(cm-) Assignments

3278.99 O-H
1330.88 C-H
921.97 =C-H
107242 Aliphatic amines
682.80 C-H
856.39 CdZnTe

At room temperature, the optical absorption
spectrum of the deposited CdzZnTe thin film was
recorded in the spectral range 200-800nm. The
energy gap of CdZnTe film may be determined using
the Tauc equation (ahv)>=A(hv-Eg)'?, which
confirms that the material is a direct energy gap
semiconductor [6]. In this equation, the absorption
coefficient is o, the band gap is Eg, the frequency is
v, the proportionality constant is A, and the Planck’s
constant is h

Plotting (ahv)? versus energy (hv) and energy gap
(Eg) of deposited CdZnTe thin film, as seen by
extrapolating the curve of (ahv)?=0, illustrates the
optical absorption extension of a CdZnTe film in Fig.
(5). It was discovered that the as-deposited CdZnTe
film had an energy band width of 2.2eV. The
outcomes agree with the published research
[8,23,24]. The Tauc plot's roughly linear behavior
suggests that CdzZnTe is a direct energy gap
semiconductor.

It has been stated that there is a greater energy gap
between pure and doped CdTe nanocrystals. The two
primary causes of an increase in band gap are (1)
alloying with materials that have a greater band gap,
and (2) quantum confinement of energy levels within
nanocrystals [25].

The photoluminescence spectrum of deposited
CdZnTe is depicted in Fig. (6). The non-destructive
photoluminescence (PL) spectroscopy is frequently
used to investigate the inherent and external
characteristics of bulk semiconductors and
nanostructures. This PL intensity and spectral content
provide precise measures of a range of superior
material characteristics. This method uses laser light
with accompanying energy far bigger than the optical
band gap to produce excitation. It is clear that the
deposited CdznTe film has a broad emission
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spectrum at 448 and 469 nm, respectively, and a
fluorescence peak at 374 nm as shown in Fig. (6). The
particle size dispersion of CdZnTe nanocrystal films
is the cause of this widespread emission [26-28].
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Fig. (5) Determination of energy gap and absorbance of the
deposited CdZnTe film

The spectrum also shows that the bulk CdZnTe
crystals are responsible for the higher wavelengths,
whereas the lesser wavelengths are related to the
smaller size of CdZnTe quantum dots. A widening of
the emission peak at 469 nm, an indication of CdZnTe
nanocrystalline layer formation and deep trap
emission, was seen when Zn was doped with CdTe
films [29].

An additional practical technique for identifying
material phases and assessing the crystallinity of
films is Raman spectroscopy. This method uses the
inelastic scattering of monochromatic photons to
monitor vibrations, rotations, and other low-
frequency modes in molecules. Transverse optics
(TO) and longitudinal optics (LO) of deposited
phonon mode CdTe were stated in Ref. [30] as well
as a clear peak of Raman at 166, 139 and 332 cm™ in
the Raman spectra produced for the sample using a
wavelength of 785 nm, an exposure duration of 10 s,
and a power of 0.1 mW. Common Te inclusions in
crystalline CdTe have been effectively detected using
Raman spectroscopy. There is a difference between
the Raman longitudinal optics of the LO mode of
crystalline CdTe and the Al mode of crystalline
tellurium. For these reasons, x-ray techniques may
not always be able to see Te inclusions in CdTe that
are discovered by Raman scattering. Crystalline
materials' Raman spectrum can only display modes
where ® deviates from zero at q = 0. An amorphous
material's Raman spectrum is frequency dependent
and typically broadens to match its whole vibrational
dynamic density (DOS). The term "modulation”
refers to the local atomic environment's symmetry.
This is because, in theory, all Raman and infrared
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vibration modes become active when the momentum
conservation selection criteria for Raman scattering is
applied to the amorphous state [31].
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Fig. (6) PL spectrum of the deposited CdZnTe film

Other semiconductors have been subjected to this
study. The peak characteristics of CdTe are shown in
Fig. (7), where Al is represented by the first peak
seen at 119 cm'?, the second at 139 cm'?, the third at
166 cm?, and the fourth at 332 cm? (LO). The
longitudinal optical phonon vibration mode (LO) of
Te and the transverse optical phonon vibration mode
(2LO) of CdTe are the corresponding E modes. It is
noteworthy that Te/Raman modes are frequently
found in CdTe samples, which may be the result of
trace amounts of Te precipitates [32,33].

CdznTe film resistivity was calculated using Hall
effect technique. Equation (4) is used to compute
resistivity (p).
p=x2mS (4)
where 1 is the current flowing into and out of the outer
probe, V is the potential difference between the inner
probes, and S is the probe distance (0.2cm). The
temperature range in which CdZnTe resistivity is
estimated is 303-363K. It was discovered that the
resistivity of CdZnTe at room temperature was 5x103
Q.m. Resistivity for semiconductors diminishes with
temperature. The resistivity of CdZnTe as deposited
is displayed in Fig. (8). The figure illustrates how
resistivity falls with temperature because excited
electrons in the valence band hop to the conduction
band, increasing conductance and resulting in a
decrease in resistivity. Resistivity will likewise
decrease since resistance is proportionate to
resistivity [34,35]. The plot of logip versus 1/T
yields a linear curve at higher temperatures. As a
result, the width of the energy gap can be estimated
from the slope of the linear section of the
experimental curve.
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Fig. (7) Raman spectrum of the deposited CdZnTe film

The formula for calculating the energy gap is
Eq=2.3x2ksAlogiop/AT, where kg is Boltzmann's
constant. The band gap was discovered to be 1.98 eV,
which agrees with the band gap determined using
reported work and Tauc's formula (band gap variation
is roughly 1.4-2.2eV) [8,23,24].

5.8

Logep

4.8 — .
27 28 29 3 3.1 3.2 3.3 34
1T (1/K) x10-3
Fig. (8) Variation of logiop with reciprocal temperature (1/T)
for the deposited CdZnTe films

4. Conclusion

A non-aqueous mode chemical bath deposition
approach was used to easily produce cubic zinc
stirred CdznTe films on Ni substrates. Using various
methods, the solid-state and as well as optical
characteristics of deposited CdznTe films were
investigated. Cubic zincblende phase of CdZnTe was
confirmed. The surface is uniform, dense, and devoid
of voids. With some Te still present, the deposited
film's stoichiometry is precisely observed. Based on
the light absorption extension, a pre-designed band
gap of 2.2eV was assigned. CdZnTe has a resistivity
of 5x10% Q.m. Photoluminescence reveals emission
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from deep traps. The LO and 2LO modes of CdTe
phonon vibration were observed at 166 and 332cm,
respectively, according to Raman analysis. These
features make CdznTe films suitable for use in
sensor, photovoltaic, and photoelectrochemical cells.
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An important development in the plastics industry involves the production of bio-
nanocomposites through the combination of metal oxide nanoparticles with
polylacticacid (PLA) and polycaprolactone (PCL). Various quantities of nanoparticles,
such as zirconium dioxide (ZrO,;) and magnesium oxide (MgO), were employed to
fabricate and analyze different combinations of the PLA/PCL blend. The blend contains

60% PLA and 40% PCL, with different concentrations of nanoparticles ranging between
0%, 0.75%, 1.5%, and 2.5%. The FTIR and mechanical properties study showed a direct
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correlation between the increase in nano-oxide fraction and the enhancement of tensile
strength, tear resistance, elongation at break, and modulus of elasticity. UV-VIS
transmission test confirmed that the impact of ZrO2 and MgO NPs have reduced the
permeability in contrast to the pure PLA/PCL blend. The increased opacity caused by
reinforcement which is responsible for the decrease in permeability. Also, we conducted

019 contact angle measurements for both the reinforced and the pure (PLA/PCL) films. As
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oxides are hydrophobic, our findings show an obvious connection between the

percentage of reinforcements and the rise in contact angle.
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1. Introduction

A lack of petroleum resources and rising
environmental concerns have led to a large increase
in the need for biodegradable materials. Examples of
natural polymers include starch, protein, and
cellulose, and polymers created from natural
monomers include (PLA). Also, (PCL) is produced
from petroleum [1,2]. The increased use of non-
biodegradable plastics that aren't petroleum-based
has caused an important rise in pollution of the
environment [3]. The packaging industry is
significantly liable for the substantial quantities of
plastic waste that end up in certain landfills [4]. Using
bio-based polymers is an option for solving these
issues. The manufacturing of environmentally
friendly plastics includes several processes, such as
the polymerization of bio-based monomers, the
extraction of natural polymers from biomass, and the
extraction of micropolymers [5].

PLA is now the most effective biodegradable
polymer in use. However, the fragility and low
resistance to heat of the material limit its use. By
mixing PLA with other biodegradable polymers, it
can modify the way it behaves, ensuring its natural
degradation [6-9]. PCL exhibits the features of being
flexible and available, and it may be mixed evenly
with a wide range of polymers [10-13].

The aim of this work is to create mixtures of PLA
and PCL that can increase the tensile strength of PCL
and improve the ductility and toughness of PLA.
PLA/PCL blends are widely used in biomedical
applications due to their biocompatibility and
biodegradability. These include scaffolds, managed
delivery systems, and implants. An advantage of
using PLA/PCL mixes is being able to control the
usefulness of products due to the relatively slow
degradation rate of PCL compared to PLA. A full
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study has been done over the past twenty years on the
preparation and evaluation of PLA/PCL blends [14].

Adding the nanofiller to the matrix changes the
biopolymer's physical and chemical properties, as
well as its mechanical, thermal, and barrier properties
[15-17].

Zirconium oxide (ZrO,;) has advantages that
include great thermal stability, resistance to friction
and chemicals, as well as unique mechanical strength,
hardness, and fracture toughness [18,19].
Magnesium-based nanoparticles (Mg-based NPs)
have become popular in biomedical applications due
to their antimicrobial abilities, unique mechanical
qualities, and ability to enhance bone cell
proliferation [20-22].

Previous studies have demonstrated that the
production of Zinc oxide nanoparticles was
successfully shown by the analysis of FTIR patterns.
The production of ZnO-NPs was carried out using
hydrothermal methods. Subsequently, a blend of
polylactic acid and polycaprolactone (PLA/PCL,
80/20 wt/wt) was prepared by melt mixing. The blend
was then loaded with 2, 4, and 6 wt.% of ZnO-NPs.
The mechanical examination of the Bio Nano
composites reveals that the tensile modulus
experiences an increase of around 5.4%, 11.1%, and
24% with the addition of 2, 4, and 6 wt.% of ZnO-
NPs to the blend sample, respectively [23].

Enhancing the strength of wood powder (WP) by
using polycaprolactone (PCL) and polylactic acid
(PLA) composites. The strength impact of PLA/PCL
bioblend and PLA/PCL/WP composites exhibited
superior performance compared to pure PLA, as its
mechanical properties such as tensile strength, Shore
D hardness, and impact resistance. Moreover, the
elongation at break and Shore D hardness exhibited
similarity to PLA, indicating that these traits were not
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substantially influenced by high WP concentrations.
The water interaction of the PLA/PCL/WP
composites was boosted, as shown by the contact
angle, whereas the elastic modulus and tensile
strength were seen to decrease [24].

2. Experimental Part

The PLA with density of 1.25 g/cm?®was supplied
from BASF India. The PCL was supplied from
Sigma-Aldrich. The THF solution was purchased
from HiMedia Laboratories (India). The ZrO, and
MgO nanoparticles were supplied from SkySpring
Nanomaterials (USA).

The PLA was weighed (2.1g) using an electron
scale and then dissolved in THF to obtain a viscous
solution. The dissolution process was carried out by
slowly warming the solution to 55°C for 2 hours using
a magnetic stirrer. The PCL is prepared using the
same method. Then, mix the solutions of PLA and
PCL. After that, pour the mixture into a petri dish and
allow it to evaporate at room temperature for a day to
ensure the complete removal of the solvent. The
preparation involved creating film samples of
PLA/PCL with varying filler quantities (0.75, 1.5, and
2.25%) of MgO and ZrO; with similar experiments
and the same technique. The thickness of
PLA/PCL/MgO and PLA/PCL/ZrO, nanocomposites
was found to be 110 micrometers using a digital
micrometer.

The spectroscopic studies were carried out using
a Shimadzu UV-1900 UV-visible spectrophotometer
in the wavelength range of 200-800 nm. The
material's infrared spectra were obtained using a
Shimadzu 8400S Fourier-transform infrared (FTIR)
spectrometer in the wavenumber range of 400-4000
cm,

As per the ASTM D-882 standard, the modulus of
elasticity, tensile strength, and elongation are
measured using a 10 N load cell in tensile mode. The
tested films were divided into strips of 1 cm in width
and 10 cm in length. The starting gauge length and
speed were both set at 10 mm/min. The equation used
to calculate the tensile strength (os) and Young's
modulus (E) is as follows:

F

0s =7 @
— Flo
E= AAL @)

where F is the force exerted on an object under
tension, Lo is the original length, A is the cross-section
area, AL is the length of the object changes [25]

The tear strengths of the films were assessed using
the trouser tear method, following the guidelines of
ASTM D-1922, with the same Universal Electronic
Dinamometer. A 50 mm cut was made in the center
of one end of the 7 cm long and 3 cm wide sample.
An impact pendulum tester is used to determine the
amount of force required to displace a slit a certain
distance from the edge of the sample.

Contact angle analysis of distilled water generated
by each sample was recorded using a
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Firsttenangstroms FTA32 goniometer. Each sample
has a distinct droplet image.

3. Results and Discussion

The chemical formula of PCL is C¢H100,, while
that of PLA is C3H402. The unique peaks observed in
PCL and PLA can be attributed to the existence of CH
bonds and CO double bonds. The presence of a peak
at 1768 cm* in PLA and a peak at 1730 cm™ in PCL
indicates the presence of bond vibration [6]. The
peaks at 2939.5 and 2866.2 cm™ in Fig. (1) indicate
the stretching of C-H bonds in PCL.
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Fig. (1) FTIR of bioblend PLA/PCL with nanoparticles (a)
Zr0O; (b) MgO

The presence of the aliphatic C-O-C ether group
was observed within the frequency range of 1163-
1236 cmt in PCL, while it was observed in PLA. The
range of 962-831 cm showed the stretching of the
carbonate chain in PCL and PLA, which was caused
by the oscillation band of the CH3; methyl group [8].
There is no evidence of any new interaction between
PLA/PCL and MgONPs, while PLA/PCL/MgO films
have infrared bands that are similar to those of
PLA/PCL film. The proof of creation of the
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PLA/PCL/MgO nanocomposites has been verified
[26]. Similarly, this concept can be applied to films
that are made of a nanocompaosite material containing
PLA, PCL, and ZrO; [27].

Figure (2) shows stress-strain curves obtained
from the tensile testing of the produced films. The
statistical data for film elongation at break (EAB),
tensile strength (TS), and elastic modulus (EM) can
be found in Table (1).

F——(Pure)

—— (0.75%)2r02
94 —— (1.5%)zr02
—— (2.25%)2r02

e

Force (N)
(o))

o 5
52,91 58.79 74.7981.58
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@
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T - T E T
52.91 63.36 117.98 174.69
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Fig. (2) Mechanical properties stress-strain curve of bioblend
PLA/PCL with nanoparticles (a) ZrO, (b) MgO

Studies suggest that films made only from
PLA/PCL exhibit a notable increased tensile strength
(TS) of about 31.09 MPa. The addition of nano-MgO
at a maximum concentration of 2.25% improves the
TS and EM of the films compared to PLA/PCL films.
The increased stiffness (elastic modulus) of the
reinforced MgO NPs occurs by reducing the mobility
of the chains. Also, the efficient transfer of stress
from the nanoparticles to the PLA/PCL chains results
in an enhancement of the tensile strength. The
inclusion of MgO NPs significantly enhances the
elastic modulus of PLA/PCL films compared to basic
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PLA/PCL sheets. Nano-fillers tend to accumulate in
particular regions due to their high surface energy,
while the mix content remains in the background. The
mechanical properties get worse as the number of
nanoparticles increases, which means that MgO NPs
are less effective at strengthening. The presence of
agglomerated nano-fillers in the matrix reduces the
efficacy of filler material. The aggregated nanofillers
behave as flaws, leading to increased stress on the
film and finally fracture. The behavior of ZrO;
particles showed an identical characteristic to that of
MgO particles [28-30].

The tear resistance of the pure PLA/PCL film was
found to be 11.41 mN/mm. The addition of ZrO, and
MgO nanoparticles improves a material's tear
resistance by modifying the path of tear propagation,
effectively reducing or preventing the risk of
fractures. By using ZrO, with a range of 12.30 to
15.93 mN/mm and MgO with a range of 11.82 to
15.45 mN/mm, the tear resistance is greatly
enhanced. The nanoparticles exhibited a strong
interaction with the PLA/PCL matrix at the interface,
resulting in improved tear strength for the samples
containing 2.25% ZrO, and MgO nanoparticles.

The  water  wettability of  PLA/PCL,
PLA/PCL/MgO, and PLA/PCL/ZrO; films was
determined by measuring the interfacial contact
angles as shown in Fig. (3). Table (2) presents the
measured contact angles. The contact angle likely
increased with the addition of ZrO, and MgO
nanoparticles due to the combined effect of the higher
surface area and hydrophobic nature of the
nanoparticles [31].

PLA/PCL (Pure) PLA/PCL (0.75%2r02)

PLA/PCL (1.5%Zr02) PLA/PCL (2.25%:
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PLA/PCL (0.75%Mg0)

PLA/PCL (1.5%MgO)

(b)
Fig. (3) Contact angle of bioblend PLA/PCL with
nanoparticles (a) ZrO, (b) MgO

Table (2) Contact angle for bioblend PLA/PCL with
nanoparticles

Sample Contact Angle (8)
Pure 55.29
Zr02(0.75%) 72.96
2r02(1.5%) 63.57
Zr0 2(2.25%) 74.54
MgO (0.75%) 79.97
MgO (1.5%) 84.89
MgO (2.25%) 73.80

Figure (4) shows the UV-visible transmission
spectra of the pure PLA/PCL films and the
(PLA/PCL) films with (ZrO, and MgO) NPs. The
results indicated that the transparent PLA/PCL films
showed the best degree of visibility compared to the
other films.
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Fig. (4) UV-visible transmission of bioblend PLA/PCL with
nanoparticles (a) ZrO; (b) MgO

The dispersion of nanoparticles mostly limits the
expected improvement in UV protection when using
increasing amounts of MgO. Also, the ZrO; particles
had similar features to the MgO particles. Protecting
oneself from UV radiation is important, and this study
provides evidence to support this claim. There is a
high need for films with excellent UV-preventing
abilities and excellent transparency, as they are used
in food packaging [28,32].

4. Conclusion

The effective formation of nanocomposite films
containing (PLA/PCL/MgO) and (PLA/PCL/ZrO,)
was confirmed. The enhanced ductility upon the
addition of ZrO, and MgO nanoparticles was shown.
The incorporation of ZrO, and MgO led to better
tensile strength and elongation at break and an
obvious rise in elastic modulus and tear resistance as
compared to pure PLA/PCL bio-blend films. Also, it
led to a large rise in the contact angle, enhancing the
hydrophobicity of the surface. The pure films
exhibited the highest level of transparency when
compared to films supported by nanoparticles such as
Zr0O, and MgO.
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Table (1) Mechanical properties of bioblend PLA/PCL with nanoparticles

Sample Tensile strength | Elongation | E-Modulus | Tear/Thickness

(MPa) (%) (MPa) (mN/mm)

Pure 31.09 749 701 114113
2r02(0.75) 34 87 796 12.3084
2r02(1.5) 37 122.3 1041 13.5941
2r02(2.25) 41.75 129 1358 15.9305
MgO (0.75) 335 86.12 887 11.8244
MgO (1.5) 36 248.6 1098 13.4434
MgO (2.25) 42.25 168.6 1689 15.4543
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Ppy/Ag20 Nanocomposites
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Polypyrrole (Ppy) and Ppyi/silver oxide (Ag,O) nanoparticles (NPs) have been
synthesized utilizing hydrothermal method. Then, the pure Ppy and its nanocomposites
films with various volume percentages of Ag,O (10, 30 and 50 vol.%) films were
deposited successfully using drop-coat method on glass and Si substrate. The
morphology, structural and optical properties of the as-prepared films were measured

and characterized utilizing FE-SEM/EDX, XRD, FTIR, and UV. further, these Ppy/Ag,O
nanocomposites were tested to study their influence of Photoresponse properties The
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illumination at bias voltage 5 volt with the rise/decay times of 0.81 sec and 0.85 sec,
respectively. The obtained results are proposing that the Ppy/ Ag.O nanocomposite is
a promising material for optoelectronic applications.
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1. Introduction

In today's world, there is a high request for
developed opto-electronic devices for everyday life,
research organizations, industries, and education
field, etc. [1-3]. As significant devices, photodetector
(PDs) are fundamental tools in optoelectronic circuits
and memory storage, as well as in light-wave
communications, and high resolution imaging
methods [4]. In the last few years, aromatic
conducting polymers (CP) , particularly electro-
active polymers, have gotten much explore thought
for utilize as advance materials due to their special
physical characteristics, However, Conducting
polymers, excite an wide interest among researchers
due to their interesting optical, electronic, magnetic
properties[5-7]. The detection of conducting
polymers led to their wide range of applications are
in photo-detectors , batteries , solar cells, acoustic
wave devices, , nano-generator, UV-nanolaser,
varistors, etc. [8]. Among conductive polymers,
Polypyrrole (PPy), is one of most extensively
investigated polymers, possessing a wide potential
application due to its facile, low-cost synthesis,
thermal and air stability, good environmental
stability, high conductivity [9-11]. In recent years,
various types of photo-sensors have been developed
by mixing inorganic nano-materials (semi-conductor
type) with Conducting polymer, such as
PPy/semiconductor -based nano-composites
photodetectors, Ppy/TiO2 [12], Ppy/WOs; [13],
Ppy/CdS [14] Ppy/SnO; , etc [15]. silver oxide
(Ag20) as a perfect p-type has narrow band gap
(1.2eV) semiconductor material, is a suitable
candidate [16]. Recently, Ag.O nano-particles have
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received great attention because of their use for most
industrial applications such as for photodetector,
photovoltaic cells, storage devices, photodiodes,
antibacterial coatings and so on [17]. Here, the
advantage of this work is the synthesis of Ppy/Ag.0O
nanocomposites for photo-sensing application. The
optical, morphological, structural, and photoresponse
properties of prepared thin films of Ppy nanotubes
and Ppy/Ag:O nanocomposites have been
investigated.

2. Experimental:

Pure Ppy was synthesized employed by
hydrothermal method. In this procedure, 0.167g of
pyrrole solution and 0.041g of methyl orange acid
were dissolved in 50 ml of DI water. Then, 0.675 g of
iron (I11) chloride was dispersed in 50 ml of DI water
and then added it into the above solution with
continuous stirring for 10 min in RT. After that, this
mixture was transferred into a Teflon lined
(autoclave) with heated for 5 h at 150 °C. Then
precipitated solution was filtered and the remains
obtained was washed several times by DI water and
ethanol, alternatively. Further, the definitive product
was dried for 3 h in the oven at 70 °C to get Ppy
powder. The Ppy powder was dispersed in 15 ml of
ethanol utilized the ultrasonic curing for 3 h and it’s
deposited via drop-casting technique on cleaned glass
and Si substrate to make of Ppy thin film.

Ag.O NPs was synthesized utilized via
hydrothermal method. In this step, 0.849 g of silver
nitrate was dissolved in 50 ml of DI water. Thereafter,
50 mL of a sodium hydroxide (0.5M) aqueous
solution was added drop-wise, with continuous
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stirring for 10 min in RT. Then, the mixture solution
was moved into a Teflon lined (autoclave) with
heated for 5 h at 150 °C. After that, precipitated
solution was filtered and the remains obtained was
washed several times by DI water and ethanol,
alternatively. Further, the definitive product was
dried for 3 h in the oven at 100 °C to get Ag20O NPs.
The Ag20 powder was dispersed in 15 ml of ethanol
utilized the ultrasonic curing for 3 h and it’s mixed
with Ppy solution to form Ppy /Ag.O Nano-
composites with various volume percentages of Ag,O
(10,30 and 50Vo0l.%), and deposited successfully
using drop-coating method on glass and Si substrate
to form of Ppy /Ag.0 thin films and labeled as PA-
10, PA-30 and PA-50 respectively. The prepared
films were examined using Fourier transform-
infrared spectroscopy (FT-IR), X-ray diffraction
(XRD) Field emission-scanning electron microscopy
(FE-SEM), Energy-dispersive X-ray spectroscopy
(EDX) and optical spectroscopy. For photodetector
measurements, two Al electrodes were thermally-
evaporated onto a thin film. the current—voltage (I-V)
measurements and visible photo-response were
recorded under laser light (532 nm) of power density
5 mwW/cm? employing Source Measure Unit
(UT81B).

3. Results and Discussion

The structural investigations of Ppy /Ag20 thin
films were performed by X-ray diffraction and the
obtained results were compared with that of PPy film.
XRD plot of pure Ppy and Ppy /Ag.0O films with 10,
30 and 50 Vol% of Ag.O NPs was showed in Fig. 1.
For Ppy film, it is clearly noted that the existence of
wide peak at 20 = 22°, referencing the amorphous
nature of the polymer. The wide peak produces by X-
ray scattering of Ppy chain [18]. in the state of
Ppy/Ag.0 thin films, The sharp peaks of Ag.O NPs
were discovered at 20=26°,
32°,38°,44°,55°,57°,64°,68°and 77°, which are assigned
to the diffraction from (110), (111), (200), (211),
(220), (221), (311), (222), and (123) planes of Cubic
Ag.0 [19-20]. These peaks are agreed with the
JCPDS card no. 76-1393 for Cubic Ag.O. The
difference in average crystallite size of the as-
prepared samples were calculated with utilizing
Scherer’s relation [21]

0941
Dav =5 0055 M

where A is X-ray wavelength(Cu Ka-1.54056 A°), 6
is the diffraction angle, and P is full-width at half-
maxima respectively. The measurements showed that
the values of average size for PA-10, PA-30 and PA-
50 nanocomposites are 35, 37 and 41 nm respectively.

The characteristics of the FTIR spectroscopy for
Ppy and their nanocomposites films are demonstrated
in the Fig. 2. The main peaks for pure Ppy were
observed at 1543, 1483, 1319, 1184, 1037, 964, and
918 cm™L. The peaks at 1543 and 1483cm™ may be
ascribed to the C-C and C-N stretching-vibrations in
the pyrrole rings, respectively [22]. The band

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

Vol. 20, No. 2B, May 2024, pp. 375-380

assigned at 1319 cm* was related of C-H or C-N in-
plane deformation modes [23 ], while the peaks at
1184 and 1037cm™ were related to the breathing-
vibrations of the pyrrole rings[24]. In also, the peak
related at 964 cm™ correspond to the C—H and N-H
in-plane deformation-vibrations [25]. The out-plane
bending-vibration of the C-H is assigned at about 918
cm[26]. However, some changes of characteristic
peaks are observed in Ppy-Ag,O samples. This shift
can be occurred due to the incorporation of Ag,O
within the Ppy structure.
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Fig. (1) XRD patterns of (a) Ppy, (b) PA-10, (c) PA-30 and (d)
PA-50
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Fig. (2) FTIR spectra of (a) Ppy, (b) PA-10, (c) PA-30 and (d)
PA-50

Figure (3) displays the FE-SEM pictures of Ppy
and Ppy /Ag2.0 nanocomposites films. The FE-SEM
picture of pure PANI has a mixture of nanotubular
morphology with some irregular globular. Dye-free
polypyrrole possess a characteristic spherical shape.
However, the presence of Methyl Orange into the
polymerization medium leaded to the formation of
nanotubular morphology having average particle
diameter approximately 100-200 nm, because it
works as a morphology-directing factor [27]. The
FESEM pictures of Ppy /Ag,O nanocomposites films
Fig. 3(b) to (d) confirmed that Ag.O NPs were
implanted almost fully in the polymer form with
average particle diameters approximately 200-400
nm, confirming the preparation of nano-composites,
and it’s observed that improvement in the
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incorporation of Ag.O NPs to the Ppy form with
increasing concentration of Ag.O. Thus, the
outcomes obtained from FESEM analyses which
would ease good electrical-conductivity [28].

1 EHT - 1000 kV

Fig. (3) FE-SEM images of (a) Ppy, (b) PA-10, (c) PA-30 and
(d) PA-50

In addition, an elemental analysis of all films was
tested via EDX analysis. Figure (4) displays the EDX
image of the as-deposited films that confirms the
presence of S, C and N in the Ppy film, and also it
revealed the existence of Ag and O elements in
Ppy/Ag.O nanocomposites films. The existence of
sulfur(S) confirms that MO was integrated in films
[29]. The outcomes obtained that confirms in the
incorporation of Ag,O NPs in polymer structure
without forming any impurities.
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Fig. (4) EDX images of (a) Ppy, (b) PA-10, (c) PA-30 and (d)
PA-50

In order that discuss the optical properties of all
samples, the UV-Visible absorption spectra and
(0hv)2 with hv plots are displayed in Fig. 5 and 6. As
is obvious from Fig. 5, the absorbance spectra of Ppy
film showed absorption peak at 463 nm associated as
being a m—r* transition, with the bi-polaron peak at
970 nm. Compared by Pure Ppy, the nanocomposites
films exhibits the n—n* peak is expanded, and red
shifted due to the incorporation of Ag>O NPs in
polymer structure with increasing concentration of
Ag,0 and also, the bi-polaron peak is expanded, that
indicates a change in the conjugation length [30-32].
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Fig. (5) Absorption spectra of (a) Ppy, (b) PA-10, (c) PA-30 and
(d) PA-50

The direct band gap (Eg) of the as-prepared films
were obtained by the following relation [33]:
1

(ahv) = A(hv — Eg)2 )
where A, a, v and h indicate for the constant

A gradual fall of E4 value from 1.63 to 1.46 eV is
observed with adding Ag.O NPs as illustrated in Fig.
(6). This decrease in Eq may be due to the increasing
in the crystallite size, with increase in Ag2O NPs.
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Fig. (6) Plots of (ahv)? with hv for (a) Ppy, (b) PA-10, (c) PA-30
and (d) PA-50

The current-voltage (I-V) test of as-fabricated
photodetectors were studied in the existence and non-
existence of laser light (532 nm) of power density of
5 mW/cm? for the potential range between 5V and —
5V. Figure (7) displays the 1-V plots of the devices
measured under dark and visible-light of 5 mwW/cm?
intensity. In light state the value of photocurrent
increases significantly when compared to the dark
state, due to the generation of an electron-hole pair
under illumination.

Figure (8) shows that the Photo-current verses
time of all photo-detector. Obviously, all films
display higher photocurrent compared to the
corresponding dark current under the existence of
illumination, which implies the generation of phot-
induced electron-hole pair in the films.
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Fig. (8) Variation of photo-current with time for (a) Ppy, (b)
PA-10, (c) PA-30 and (d) PA-50.

The three parameters, i.e., sensitivity (S),
responsivity (R), and specific detectivity (D*), of the
photodetectors are evaluated by the relations [34]:

S(%) = I’P" x 100 ©)
Lo dark
— b2
R= AP " (4)
D=—"4" %100 (5)

(2 xe xIgar) Y2

where Ipn is the photocurrent (Iph=light—ldark), P is the
power of light, A is lighting area and e is electronic-
charge

The estimated photodetectors parameters are
tabulated in table (1). The as-fabricated device of pure
Ppy display a sensitivity of 39.13%, R of 15 mA/W
and detectivity of 1.92x10° Jones for the illumination
intensity of 5 mwW/cm?. The as-fabricated device
based on PA-50 exhibits sensitivity as high as,
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265.45%, R of 243.33 mA/W and detectivity of
20.09x10° Jones. Clearly, the performance of PA-(10,
30 and 50) device enhanced several times with
compared to pure Ppy. A compare of the photo-
detector performance of the current paper with past
photodetectors for Ppy/ metal oxide nanostructures
are displayed in table (1). Obviously, these results
that the performance of Ppy/Ag.O photodetector is
excellent in several asides of previously reported
papers.

The rise time and decay time of as-fabricated
photodetectors were evaluated for 1 cycle from Fig.
(8). The rise time and fall time of Ppy, PA-10, PA-30
and PA-50 photodetectors are (0.88, 0.85, 1.51 and
0.85 s) and (0.8, 0.83, 0.79 and 0.81 s) respectively.
The values of rise/decay time are less than 2 s.
Comparison of rise /decay times of as-fabricated
photodetectors with other previous works are
tabulated in Table 1. From the results, it is shown that
Ppy/Ag20 nanocomposite are a promising component
for next-generation visible-light photodetection
devices.

4. Conclusions

In this article, Polypyrrole NTs and Ag.O NPs
have been successfully prepared employing
hydrothermal method, Also, it studied the effect of
adding Ag.O NPs with different mixing ratios (10,
30, and 50 vol.%) on the physical properties of Ppy
thin films prepared employing drop-casting. The
XRD analysis displayed the amorphous structure of
Ppy film and the formation of cubic structure of Ppy
IAg.0  films. FE-SEM analysis showed the
nanocrystalline nature by formation of a mixture of
nanotubular and globular morphology. The
improvement in the direct band-gap value from 2.13
eV for pure Ppy to 1.46 eV for Ppy/Ag.0-50%. The
photo-detector fabricated of Ppy/Ag.0-50% showed
a good photo-sensitivity of 265.45% and high
responsivity of 243.33 mA/W at 5 V applied bias with
rise time and decay times < 2s.
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Ppy/TiO; 365 - 147 - ; 273 253 [35]
Polyaniline/
VTiOZ 320 5 3x103 ; [36]
Polyaniline/
Mazn0 250 5 0.1 - [37]
Ppy/CdS 850 10 120 338 21x10% ; ; [38]
Ppy/ZnO 720 : 167.4 - ; 25 3 [39]
Ppy/
MoO, Y00 540 2 4 5.85%108 [40]
Ppy/GO 540 2 0.31 6.9x107 (]
Ppy/Cr,05 540 3 00143 | 3.21x106 ; } [42]
Ppy 39.13 15 038 0.88
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Highly-Pure Titanium Dioxide
nanopowders Synthesized by Eco-
Friendly Solvothermal Method

In this study, titanium dioxide nanopowders were synthesized by solvothermal method
using banana peels as a source for plant extract and titanium isopropoxide as a
precursor. The structural characteristics confirmed that the synthesized nanopowders
have tetragonal crystalline structure containing both anatase and rutile phases of
titanium dioxide. These nanopowders showed high structural purity as no materials
other than titanium dioxide was found according to the x-ray diffraction (XRD) patterns

and Fourier-transform infrared (FTIR) spectroscopy. As well, no elements other than

Iragi Journal of Applied
Physics

Electronic, Optical
Q4 and Magnetic
Materials
best quartil

titanium and oxygen were found according to the energy-dispersive x-ray spectroscopy
(EDX). The minimum particle size in the synthesized samples was 53.48nm. The
spectroscopic characteristics showed that the prepared nanopowders have reasonable
absorption in the UV region of electromagnetic spectrum (<375nm) and very low

SjR2022 absorption in the visible region. The solvothermal method used in this work can be
0.19 described by low complexity, simple assembly, low cost and high purity production.
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1. Introduction

Nanomaterials are at the leading edge of the
rapidly developing field of nanotechnology. Their
unique size-dependent properties make these
materials superior and indispensable in many areas of
human activity [1]. Nanomaterials could be defined
as a set of materials where at least one dimension is
less than approximately 100  nanometers [2].
Nanomaterials are of interest because at this scale,
unique optical, magnetic, electrical, and other
properties emerge. These properties have the
potential for reasonable impacts in photonics,
electronics, medicine, and many other fields [2]. Two
approaches; bottom-up and top—down, are generally
used to synthesize the nanopowders. The bulk
materials are divided into small particles by top-
down methods. Small particles are aggregates and
form nanoscale range crystals throughout bottom—up
methods [3]. Top-down methods include high-energy
wet ball milling, electron beam lithography, atomic
force manipulation, gas-phase condensation, aerosol
spray, etc. [4]. The bottom-up approach starts from
the atomic level and leads to the formation of
nanostructures with further self-assembly of the
atoms/molecules, whose growth and self-assembly as
building blocks leads to the formation of
nanomaterials with well-defined size, morphology,
and chemical composition. This approach includes
chemical, physical and biological methods [5,6].
Chemical methods often allow synthesis of
nanoparticles in large quantities. Moreover the
possibility of controlling particle size even at
nanometer scale is also possible during chemical
synthesis of nanoparticles [7]. The chemical methods
include oraganometallic chemical route, revere-
micelle  route, sol-gel  synthesis, colloidal
precipitation, and hydrothermal synthesis. Physical
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route or mechanism includes different methods, e.g.,
gas-phase deposition, electron beam lithography,
pulsed-laser deposition or ablation, laser-induced
pyrolysis, powder ball milling, reactive sputtering,
thermal evaporation, electrodeposition, and aerosol
[6]. The biological route includes different methods,
e.g., fungi mediated, algae, bacteria mediated, yeast
mediated, etc. Nanoparticles made by a biogenic
enzymatic process are significantly superior to those
made by chemical methods in various aspects. Even
though the latter methods can produce large quantities
of nanoparticles with a defined size and shape during
short time, they are complicated, outdated, expensive,
and inefficient, and they generate hazardous toxic
wastes that are harmful not only to the environment
but also to human health [6] .

Among the many semiconductor materials,
titanium dioxide or titania (TiO,) has been regarded
as one of the most relevant for photocatalytic
purposes, owing to its exceptional optical and
electronic  properties.  Its  high  level of
photoconductivity, ready availability, low toxicity,
inertness (biologically and chemically) and low cost,
resistance to photocorrosion, high photocatalytic
activity, and biological compatibility [8]. However,
the effectiveness of TiO; as photocatalyst depends on
its crystal phase, impurities, particle size, surface
area, crystallinity and other physicochemical
parameters  that strongly influence charge
recombination and electron/hole trapping [9].

Green synthesis employs a clean, safe, cost
effective and environmentally friendly process of
synthesizing nanomaterials. Microorganisms such as
bacteria, yeast, fungi, algae species and certain plants
act as substrates for the green synthesis of
nanomaterials [10]. Molecules in plants and
microorganisms, such as proteins, enzymes, phenolic

PRINTED IN IRAQ 381



IRAQI JOURNAL OF APPLIED PHYSICS

compounds, amines, alkaloids and pigments perform
nanoparticle synthesis by reduction [11-17]. The
plant extracts including leaves, roots, flowers, and
parks are said to contain many secondary metabolites
which act as reducing, stabilizing, and capping agents
for the bioreduction reactions in the synthesis of
nanomaterials [18-21].

In traditional chemical and physical methods;
reducing agents involved in the reduction of metal
ions, and stabilizing agents used to prevent undesired
agglomeration of the produced nanoparticles carry a
risk of toxicity to the environment and to the cell.
Besides, the contents of the produced nanoparticles
are thought to be toxic in terms of shape, size and
surface chemistry. In the green synthesis method in
which nanoparticles with biocompatibility are
produced, these agents are naturally present in the
employed biological organisms [22].

In this work, titanium dioxide nanopowders were
synthesized by an eco-friendly solvothermal method
using a plant extract (banana peels) and titanium
isopropoxide as a precursor. The structural and
spectroscopic characteristics of the synthesized
nanopowders were determined.

2. Experimental Part

The banana peels and titanium isopropoxide were
used as a reference for the plant extract and
precursors, respectively. Fresh bananas were taken
from the local market and banana peels were cut into
small pieces, washed three times with distilled water
to remove any contaminants and excrement and dried
with drying paper. Then, an 80g of the dried peels
were put in a beaker containing 150 mL of
deionized water. The mixture was heated up to
boiling temperature (100°C) for 20 min. Then, the
boiled mixture was filtered twice using filter paper
(Whatman No. 1).

An aqueous solution was prepared by solving
1ml of titanium isopropoxide (C12H2804Ti) in 10ml
of deionized water. The aqueous solution is placed
on the hotplate stirrer (40°C) for 10 min. Then, 50
ml of the extracted solution of banana peels was
added to the aqueous solution as drops while
keeping stirring for one hour. The mixture was
filtered twice using filter paper (Whatman No. 1) to
separate the formed nanopowder. These filtered
nanopowder were washed twice with distilled water
to remove any residuals from the previous mixing
process and reaction step. The separated
nanopowder was dried by heating up to 100 °C for
24 hours and bleaching by using (KOH) to remove
organic residues stuck on the nanopowders during
the preparation process. Figure (1) shows
schematically the experimental procedure.
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Fig. (1) The experimental procedure used in this work to
synthesize TiO, nanopowder

The structural characteristics of the synthesized
nanopowders were determined by x-ray diffraction
(XRD) patterns using a Bruker D2 PHASER XRD
system (Cu-Ko x-ray tube with A=1.54056A), the
surface morphology was determined by an Inspect
F50 field-emission scanning electron microscope
(FE-SEM), the elemental constitution was
determined by energy-dispersive X-ray
spectroscopy (EDX), the formation of molecular
bonds and their vibrations were determined by
Fourier-transform infrared (FTIR) spectroscopy
using a SHIMADZU FTIR-8400S instrument, and
the absorption spectra were recorded using a K-
MAC Spectra Academy SV2100 spectrophotometer
in the range of 300-800 nm as the synthesized
nanopowder was immersed in a transparent viscous
host as a reference.

3. Results and Discussion

Figure (2) shows a photograph of TiO;
nanopowder sample synthesized in this work by
solvothermal method and figure (3) shows the XRD
pattern of this sample. Obviously, 21 peaks are seen,
which belong all to the TiO»; 15 of them for anatase
(A) phase and 6 for rutile (R) phase. This is why the
TiO, nanopowder referred to as mixed-phase and
tetragonal crystalline structure [23,24]. The formation
of rutile phase cannot be avoided even much more
care is considered during the formation of
nanopowder as heating steps are necessarily required.
The crystallite size (D) was determined for all peaks,

as shown in table (1), by Scherrer’s equation as [24]:
_ 094

BcosO
where A is the wavelength of x-rays (1.54A), 0.9 is a
constant, B is the full width at half-maximum
(FWHM), which was given by the software of the
XRD instrument
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Fig. (2) Photograph of TiO, nanopowder synthesized by
solvothermal method
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Fig. (3) XRD pattern of synthesized TiO, nanopowder

Table (1) Determination of crystallite size for the synthesized
mixed-phase TiO, nanopowder

Peak no. 20 (deg) D (nm) Phase
1 252723 1.23 A
2 27.4066 1.71 R
3 36.0501 1.91 A
4 36.9171 1.29 R
5 37.7662 1.22 A
6 38.5467 1.6 A
7 39.1683 1.85 A
8 41.2124 1.94 A
9 44.0255 2.05 R
10 48.016 1.32 R
11 53.8677 1.11 A
12 54.2986 2.11 R
13 55.0386 1.33 A
14 56.6053 18.6 R
15 62.681 1.23 A
16 64.0264 2.07 A
17 68.9473 1.21 A
18 69.7733 1.99 A
19 70.254 1.06 A

20 75.0219 1.19 A
21 76.0538 0.96 A

Figure (4) shows the FE-SEM image of TiO;
nanopowder synthesized in this work. The
nanopowder sample clearly contains different sizes
and the smallest particle size is 53.48 nm, but the
difference is not big enough. The sample is
considered to be non-uniform. As well, aggregation is
apparent, which is unavoidable in any preparation
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method or technique that includes formation
processes based on thermally-activated chemical
reactions [23].

- e R - g
10/7/2023 HV |mag c | det pressure WD 10 i
11:17:17 AM 30.00 kV/|8 000 x|ETD 3.04e-3 Pa|12.8 mm inspect f 50-F!

HV mag c  det | pressure WD 500 nm
30.00 kV 120 000 x ETD|4.55e-3 Pa 12.8 mm| inspect f 50-FEI Company

Fig. (4) FE-SEM images of synthesized TiO, nanopowder with
two different magnification powers

Figure (5) shows the EDX results of the TiO;
nanopowder synthesized in this work. The color
mapping images (Fig. 3a) show that the volume
density of Ti atoms is higher than that of O, which is
confirmed by the elemental weight analysis (56.7%
Ti vs 34.7% O). This can be attributed to the
difference in atomic radius between titanium and
oxygen. Furthermore, the atomic percentages of both
elements (Ti and O) are comparable (29% and 53%,
respectively). These results show that the synthesized
nanopowder certainly contains stoichiometric TiO;
compound.

Figure (6) shows the FTIR spectrum of the TiO;
nanopowder synthesized in this work. There are three
distinct peaks centered at 409, 447 and 667 cm™
belonging to the vibrations of the TiO, molecules in
the TiO; lattice; bending, asymmetric and symmetric
modes, respectively [25]. As well, two bands at 1620
and 3450 cm™ are clearly seen and they are attributed
to the vibration modes of O-H bond. The two possible
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sources for the OH molecules are (1) the aqueous
solution included in the synthesis route, and (2)
adsorption of water molecules from the environment

when the synthesized sample is exposed to the
atmosphere [24,26].
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WD spot | det
27.0mm 40 ETD
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Figure (7) shows the UV-visible spectrum of the
synthesized TiO, nanopowder in the spectral range of
300-800 nm. It is clear that the sample exhibits high
absorption in the UV region (<375nm) and very low
absorption in the visible and near-infrared (NIR)
regions. Such behavior is a characteristic of TiO; as
its photocatalytic activity is induced by the absorption
of UV radiation. Figure (8) shows the determination
of energy band gap (Ey) of the TiO, nanopowder
sample synthesized in this work. The value is about
3.14 eV, which lies in the range of energy band gap

of mixed TiO; structures (3.0-3.2eV).

4
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Element [ Atomic % | Atomic % Error| Weight % | Weight % Error
0 53.2 1.9 34.7 1.2
Ti 29.0 0.1 56.7 0.2
C 17.7 0.4 8.7 0.2

Fig. (5) EDX result of synthesized TiO, nanopowder (a) color
map distribution, (b) EDX spectrum and elemental analysis
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Fig. (6) FTIR spectrum of synthesized TiO, nanopowder
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Fig. (7) UV-visible spectrum of synthesized TiO, nanopowder
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Fig. (8) Determination of energy band gap of the synthesized
TiO, nanopowder sample

4. Conclusions
The mixed-phase titanium dioxide nanopowders
were synthesized by an eco-friendly solvothermal
method. The structural characteristics confirmed that
synthesized nanopowders have tetragonal
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titanium dioxide. The minimum particle size is
53.48nm with inevitable aggregation of the
nanoparticles. The prepared nanopowders have
reasonable absorption in the UV region of
electromagnetic spectrum (<375nm) and very low
absorption in the visible region. The energy band gap
of the synthesized samples was determined to be
3.14eV, which agrees with the standard range of
energy band gap of mixed-phase TiO, structures (3.0-
3.2eV). The solvothermal method used in this work
can be described by low complexity, simple
assembly, low cost and high purity production.
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This work shows the fabrication of Bi,Os/Si heterojunctions for solar cell applications.
Bi,O; nanoparticles were deposited on quartz, n- and p-type silicon substrates by
thermal evaporation method. The structural and optical characteristics of the prepared
Bi,O; thin films were studied. The polycrystalline structure of these thin films was

revealed with (111) direction. These Bi,O5 thin film has direct energy gap of 2.6 eV. The
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1. Introduction

One of the most promising components of a new
era in technology and science are nanoparticles
(NPs), which are chemical structures with a size
between 1 and 100 nm. The market for NPs-based
goods is expanding quickly in a number of industries,
including biomedical applications, home and garden,
electronics and computers, health and fitness, photo
cell and photodetector [1-3]. Because of their
distinctive and varied physicochemical
characteristics, metal oxide nanoparticles have drawn
interest from researchers in a variety of fields and one
of the important metal oxides that have gained
attention recently is Bi»Os [4,5]. Nanostructured
Bi,O3 thin films have attracted the interest of many
researches due to the values of some their
characteristics parameters, e.g., available and easy to
manufacture, refractive index, photoconductivity,
transparency and mechanical strength [3-6]. Also, the
energy gap is wide (1.73-3.98eV), it is close to CdS,
which is considered a prominent filter for solar cells
application [1,6,7]. Although Bi>O3s-NPs are widely
used and purposeful or incidental exposure is rising,
nothing is known regarding their toxicity [8].
Different method was used to prepare Bi»Os such as
sol-gel [1], pulsed-laser deposition (PLD) [2], green
synthesis [4], reactive sputtering [7], spray pyrolysis
[9], and magnetron reaction [10]. In order to produce
thin films and study their characterization for solar
cell applications, bismuth oxide nanoparticles were
prepared in this paper using a simple physical
method. This is one of the simplest ways to prepare
nanoparticles with very perfect crystallinity and
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deposit them on quartz and other silicon type
substrates.

2. Experimental Part

As substrates, test quartz slides with an area of
2x2 c¢cm? were used. Alcohol and ultrasonic waves
were used to clean them, removing residue and
contaminants from their surfaces.

Using a wire-cut machine, square-shaped n & p
type silicon samples were created, each measuring 1
cm? in area and having resistivities between 1.5 and 4
Q.cm. For the purpose of removing oxides, the
samples were etched using a CP4 solution made up of
HNO3, CH3COOH and HF in the ratios (3:3:5). After
15 minutes of cleaning with alcohol and ultrasonic
waves (using a Berry PUL 125 device), they
underwent another 15 minutes of cleaning with water
and ultrasonic waves. Ohmic contacts are made on
both Bi,O3 film and Si substrate by depositing of Al
thick films through certain mask using an Edwards
thermal evaporation system followed by rapid
thermal oxidation. Four-point probe (FPP) technique
was used to assess the silicon substrate's resistivity
and kind of conductivity. For the TCO's/Si
heterojunction, the silicon sample serves as the
substrate. The cross-sectional view of BiO3/Si
heterojunction is shown in Fig. (1a).

An Edwards thermal evaporation system was
employed to vaporize extreme purity (99.99 %) Bi on
quartz slides and Si substrates (n-type and p-type) at
room temperature under low pressure (~107 torr).

Rapid thermal oxidation (RTO) for Bi films was
employed to prepare Bi,Oz films at different
temperature and oxidation time. Figure (1b) depicts
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the apparatus used to create the oxide film. To ensure
that air (a source of dry oxygen) flowed through it, a
quartz cylinder measuring 0.03 m in diameters and
having two open ends were employed. Light and heat
were radiated by a 650W halogen lamp, and the
output power was managed by a variable power
supply. Temperature measurements of the sample
were made using a k-type thermocouple.

Finger Electrodes (Al)

Bi:O: thin film

Si-Substrate

Back Electrode
(AD

Fig. (1) Cross-sectional viéw of Bi,04/Si heterojunction
(upper), and rapid thermal oxidation (R.T.O) setup (lower)

After being cleaned, the samples were fixed on the
quartz tube irradiated by halogen lamp directly. The
position of the lamp was fixed to maintain certain
temperature, and the distance between the lamp and
the tube was 0.5 cm. Thermal oxidation process took
place at temperatures between 373 and 973 K, and at
different oxidation times in order to obtain the best
oxidation of Bi thin films.

3. Results and Discussion

Figure (2) illustrates how to compute the
crystalline lattice of inert fixed crystals coordination
of single crystal and the preferred trend of
polycrystalline crystal using the experimental method
of x-ray diffraction (XRD) [11]. XRD pattern of film
deposited on the quartz subsurface displays a
multicolor construction with a bismuth metal peak at
27.59°, 32.40° and 48.20°, respectively, in the (111),
(200) and (116) planes. The conforming d-values
have been associated with the JCPDS card, plane
(Alpha Order): Bi,03:00-041-1449. The average
crystallite size of Bi,Os thin films equal to 29.154 nm
was calculated from the Scherrer’s formula [12]:

0.94 A
C.S= Feos®) 1)

where Axray=1.5406A, # is (FWHM) of the
preferential plane (111)= 0.2932° at 26=27.58°
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Fig. (2) XRD pattern of the Bi,Oj3 thin film

The SEM microimage of the thin Bi»Os layer on
the quartz bottom layer is shown in Fig. (3) at 20 KX
magnification. The prepared film has regular
distribution granules with uniform and homogeneous
surface, thus improving the quality of the prepared
films. Additionally, nanostructured grains ranged
between 50-90 nm are evenly distributed across the
film’s surface.

2pm EHT = 26.00 kV Signal A = SE1 ZEISS
WD =115 mm Mag= 2000KX Time :10:26:06

Fig. (3) SEM microimage of the Bi,Oj thin film

The UV-visible spectroscopy established the
occurrence of nanoparticles by in Fig. (4). The Bi»0Os
nanoparticles were observed for wavelength scanning
between 250-700nm. The characteristic absorption
peak of bismuth was detected at 290nm [13]. The
energy band gap can be determined using the
absorption coefficients with Tauc's equation [14]:
(ahv) = B(hv - Eg 2
where o is the absorption coefficient, v is the photon
frequency, Eg4 denotes the optical band gap, and B is
constant
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Fig. (4) Absorption spectrum of Bi,Os thin film

The parameter (n) is an index associated with the
material’s characteristics and determined by the
optical transition influencing the absorption process.
It dictates the allowed (n = 1/2 and 2) direct and
indirect transitions within the electronic band
structure. The optical band gap energy (Eg) was
obtained from the straight line intersection of the
curve as shown in Fig. (5). The band gap is 2.6 eV
direct transitions for Bi»Os, which is an important
characteristic for photovoltaic applications. This
value is good agreement with [11].

1.6E+12

1.4E+12 |

1.2E+12 1

1E+12 1

8E+11

(ahu)? (eVicm)?

6E+11

4E+11 1

2E+11 1

0

1 2
Phopton energy (eV)
Fig. (5) Variation of (ahv)? with hv of Bi,Os thin film

The FTIR absorption spectrum, shown in Fig. (6),
was recorded within the range of 400-4000 cm™ to
analyze the formation of Bi,Os; nanoparticles and
identify functional groups. O-H stretching vibrations
were evident at 3363~3414 cm?, while C-O
vibrations linked to environmental CO, were
observed at 2330 cm™. A peak with 1629 cm?
corresponded to H,O, and the 542 cm? peak
originated from the metal oxygen (Bi-O) vibration.
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Fig. (6) FTIR spectrum of Bi,Oj thin film

Figure (7) displays the outcomes of the electrical
measurements (J-V curve) for the devices made from
n-Bi;03/Si0,/n-Si and n-Bi»03/SiO,/p-Si under ideal
conditions at forward and reverse biasing in the dark
and illumination. These qualities are crucial for
describing the performance of the device and any
parameters that depend on it [11]. For two devices
operating optimally with reverse bias, the J-V
characteristics were given. It has obtained a trace with
two distinct sections. The first region is the produced
zone, at which the reverse current modestly increases
with the related voltage to form pairs of electron-hole
at the case of low biasing. Significantly more reverse
bias may be seen in the second section. In this
instance, diffusion of minority carrier through the
connection produced the current. It is evident from
the results that n-Bi,O3/SiO2/p-Si produces less
current than n-Bi,O3/SiO/n-Si, that is connected to
the substantial junction resistance that lowers leakage
current. The improvement in the junction structure is
connected to the improvement in the reverse current,
which reduces a sum of faults at the semiconductor
insulators semiconductor interface of the two
junctions. Those flaws are the outcome of strain
brought on by mismatched thermal expansion, crystal
structure, and lattice parameters. The potential barrier
is lowered by the forward voltage in the forward bias,
which allows majority carriers to pass it much more
easily than they could at zero bias. As a result, the
diffusion current exceeds the drift current. The
ultimate result is that figure (7) shows how both the
n-Bi203/SiO2/n-Si and n-Bi,03/SiO2/p-Si  devices
behave in terms of J-V characteristics when biased
forward. There are two distinct zones; the first one is
a recombination current that forms when the
generated carrier concentration (n.p>n;?), or when the
produced carrier concentrations are greater than the
intrinsic carrier's concentration (n;), leads to the
recombination process.
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Fig. (7) 3-V characteristics for both MIS devices under forward
and reverse bias

Depending on the series resistance, second zone
when high voltages indicated the diffusion and
bending regions, which in the case of MIS
characterized the tunneling regions. It is clear from a
contrast of the results of the two devices created under
ideal conditions that the value of the current enhanced
for n-Biy0s/SiO2/n-Si because a reduction in
resistivity of n-type silicon leads to a growth in the
electron concentrations. Because of the thicker SiO;
layer used in the n-Bi,03/SiOy/n-Si device, this
results in a decrease the holes concentrations, hence a
corresponding fall in Is. Being able to determine
several factors, including built-in potential (Vbi),
device capacitance (C,), and device kind, makes it
one of the most crucial measures. The measurements
for C-V and 1/C2-V for each device are shown in Fig.
(8).

The findings indicate that the devices
capacitances are inverse related to the bias voltage.
The growth of the depletion layers (W) with the built-
in potential (Vi) caused the device capacitance to
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decrease with the related bias voltage. The
capacitance of depletion layers is increased with
increasing the applied voltage. The action of charge
transfer from donor to the acceptor zone, was
discovered to be abrupt is accurately indicated with
this, and is further verified by the fact that the
relationship between 1/C? and reverse bias are
straight lines. Given that band bending occurs mainly
on the silicon side, the small-single capacitance-volt
characteristic can be used to measure the potential
barrier for the junction. The point where the curve
intersects the x-axis corresponds to the diffusion
potential of silicon as shown in table (1), and its
values are anticipated to be solely dependent on the
Fermi level within the conduction band at elevated
carrier concentration. Donor concentration (Np) is
determined by the straight line's slope, and its value
closely matches the silicon substrate's well-known
resistivity.

100
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L
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Fig. (8) The relationship between junction capacitance and
applied voltage for both MIS devices, at f=100 kHz
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Table (1) Values of C-V diagram for Bi,O4/SiO,/Si
heterojunctions

W=¢,/Co | Npx10+5
(m) (cm?)
n-Bi:04/Si02/ p-Si | 0.27 100.00 7.303 2.37978
n-Bi203/Si02/ n-Si | 0.35 91.29 7.999 2.39564

Si substrate type | Vui (V) | Co (nflem?)

In Fig. (9), the relationship between the incidence
photons power of the halogen lamp and the short
circuit current (Isc) and open circuit voltage (Voc) for
both devices is depicted. According to the results,
there is a linear relationship between Isc and Voc, by
the photo powers incident having a maximum value
beyond with both values for the two devices tending
for becoming saturated and constant. This is brought
on by the complete separations of the electron-hole
pairs produced by the photons. It is evident that there
is a significant disparity between the values of the
obtained results. The increased performance of the n-
Bi,03/SiO2/n-Si device was due to widening of the
depletion layer (W) caused by addition of the
interfacial thickness (SiO2), which results in large
areas for the separation of electron-hole pair and
hence a significant photocurrent.

—8— Bi203/Si02/pSi
12 4 | —m=Bi203/5i02/n-Si

—
o
1

0 50 100 150
Power intensity (mW/cm?)
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~
1

J;. (mAlcm?)
w

N
1

0 T T

0 150

50 100
Power intensity (mW/cm?)
Fig. (9) Variation of open-circuit voltage and short-circuit
current density with incident power intensity for both MIS
devices
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Figure (10) represents J-V characteristics of both
n-Bi>03/SiO2/n-Si and n-Bi,O3/SiO/p-Si solar cells,
the short-circuit current value (Isc) determined at
V=0, while the open-circuit voltage (Voc) was
determined at 1=0, as shown in table (2), where the
value of fill factor (F.F) and the photovoltaic
conversion solar cell efficiency (n) are calculated
from the following equations [14]:

n= 2 x 100% = 2" % 100% (©)
Pin Pin
F.F, =lmYn )

]SC . VOC

Table (2) Electrical parameters for (a) n-Bi,O4/SiO,/n-Si and
(b) n-Bi,O4/SiO,/p-Si heterojunction solar cells
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. Vinax,
Sisubstrate | Voc Jsc ’ Jmax, Jm
type ) | (mAlcm?) X/"i (mAlcm?) e
(a) 1.3 2.9 0.84 1.9 0.423 1.6
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Fig. (10) J-V curves of n-Bi,03/SiO,/p-Si and n-Bi,O4/SiO,/n-Si
heterojunction solar cells
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4. Conclusions

The Bi;0s thin films prepared in this work were
polycrystalline with grain size of 15-29nm and
uniform surface. The direct optical energy gap was
found to be 2.6 eV. The photovoltaic outcome for the
n-Bi>0s/(n,p)Si heterojunction was found to be a
linear relationship between lIsc and Voc. The I-V and
C-V measurements of the heterojunctions depends on
the silicon substrate type. The efficiency of solar cell
fabricated on n-type silicon substrate is higher than
that fabricated on p-type silicon substrate due to less
light-induced degradation.
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Effect of Thermal Neutron
Radiation Dose on Density of
Local and Extended Energy
States in Se558208b158n10 AIon

Four samples of the SessS»0Sbi1sShy alloy were prepared using the melting
point method. Samples B, C and D were irradiated with (6.04x10%°, 12.08x10%
and 18.12x10% (n.cm?s?) of thermal neutron beam from a neutron source
(241Am-9Be) respectively, while sample A was left not irradiated. The electrical
properties were assessed both before and after the radiation. All irradiated and
non-irradiated samples show three conduction mechanisms, at low
temperatures, electrical conductivity is achieved by electron hopping between
local states near the Fermi level. At intermediate temperatures, conduction
occurs by the jumping of electrons between local states at band tails. At high
temperatures, electrons transfer between extended states in bands. The results
show that the local and extended state densities above the Fermi level are
affected by exposure to thermal neutron radiation.
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1. Introduction

Studies on the properties of amorphous
chalcogenide semiconductors have shown that, due to
the presence of local states close to the Fermi level
and in the energy gap, where the Fermi level was
pinned, they generally behave as doping-insensitive
P-type semiconductors [1-3]. It was found that the
amorphous chalcogenides might be improved for use
in device applications by substituting certain
chemical components entirely or with metallic
impurities [4]. This increased their conductivity and
greatly lowered the conduction activation energy [5].
According to Mott, any element may satisfy the
valence criterion in chalcogenides applying the 8-N
rule [6]. The electrical and optical properties of doped
chalcogenides don't vary much because this rule
holds for doped elements. The researchers
demonstrated that adding atoms of some chemical
elements (such as bismuth) to chalcogenide glass
causes a significant change in the p-type electrical
conductivity of more than 7% compared to that of the
n-type [7]. In contrast, the addition of other elements
(like In, Sh, Sn) always indicates a p-type compound
[8,9]. Since not all impurities can be electroactive, the
concentration of the impurities is undoubtedly a key
element in such situations [10,11]. It is therefore
important, both from the point of view of basic
research and applied research, to investigate the
influence of impurities on the properties of
chalcogenide glass [12,13].

The electrical characteristics of the chalcogenide
glass are significantly altered when impurity atoms
are added to the Se-Te-Sn and Ge-Te-Sh binary
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systems, according to the findings of multiple
experimental investigations [14]. In addition, the
composition of the glass, the chemistry of the
impurities, and the doping technique have a
significant impact on the behavior of the
chalcogenide glass [15]. This study investigated the
density of the extended, local, and Fermi levels of In
and their effects of indium on the SegsTe10Sns.xIny.
These include changes to the activation energy, tail
width, and distance between states in addition to a
decrease in the density of extended and local states,
also known as Fermi states [14]. When the Sh element
in the GesoTerxSby alloy was partially exchanged,
the density of local and extended states, as well as the
Fermi level, were examined, and it was discovered
that all energy states, including activation energy, tail
width, interatomic distances, and transition distance,
changed [15]. The studies [10-13] focused on
examining the electrical characteristics of SesTesxShy
and SegTes-xSnx alloys by partially replacing Te with
Sb and the energy density was calculated for several
energy states, including electron hopping distance,
Fermi level, localization, and tail width. They
concluded that the states of energy density increase
along with the concentration of Sh. One of the
distinctive characteristics of amorphous chalcogenide
semiconductors is their susceptibility to the effects of
external factors, notably ionizing radiation with an
average energy of more than 1 MeV [16,17].

To gain additional knowledge regarding how
radiation affects dc conductivity measurements at
various temperatures and to exploit amorphous
chalcogenides in electrical device applications. We
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will investigate the impact of thermal neutron
irradiation on the random energy level and crystal
regularity of SessS»0ShisSnio samples, as well as the
densities of states (local, extended, and Fermi levels).
This paper will be finished to exploit amorphous
chalcogenides in electrical device applications.

2. Experimental Part

Four samples of SessSzShisSnie alloy (A, B, C
and D) were prepared by melt-cooling technique. The
raw material powders of high purity Se, S, Sb, and Sn
(99.99%) were weighed according to the atomic
weight ratios. The mixture was mixed using an
electric mill to obtain a homogeneous powder. After
the mixture was put into a quartz glass tube and
evacuated to 10 Torr, the tube was securely sealed.
This was done to remove any impurities from the
capsule and ensure that it could resist the pressure
created by the alloy's constituent chemical elements
interacting with one another without blowing apart
within the furnace due to the high temperature. Seal
the ampoule hermetically. To prevent selenium from
precipitating on the inner wall of the quartz tube and
from evaporating suddenly, the ampoule was then
heated in two phases. Three hours were spent
gradually heating and holding the ampoule at 500 °C.
For seven hours, the furnace's temperature was
increased to 960°C at a rate of 6°C per minute. To get
the glassy state, the ampoule was quickly chilled with
ice-cooled water. The sample powder was then
extracted by grinding the resulting ingot using a
pestle and mortar. The powder was divided into four
parts, and the powder was pressed for each of these
parts using a hydraulic press with a pressure of 5 tons
per square cm to obtain the tablets (A, B, C and D)
with a diameter of one and a half centimeters and a
thickness of 5mm. Continuous electrical conductivity
was measured as a function of temperature within the
room temperature range up to 227°C for sample A,
and samples B, C and D were subjected to a thermal
neutron beam with different doses (6.04x10%,
12.08x10%, 18.12x10%° n.cm?s). For the irradiation
samples (B, C, and D), the continuous electrical
conductivity was evaluated as a function of
temperature within the room temperature range up to
227°C, and then theoretical calculations were made
on the results of electrical conductivity before and
after irradiation using computer software.

3. Results and Discussion

The electrical (I-V) measurements were carried
out at different temperatures (from 22 to 207 °C) to
observe how the direct current electrical conductivity
of SessS0SbisSnip alloy's glass. The electrical
resistivity and then the electrical conductivity were
calculated for all samples. All values of electrical
conductivity of the samples were calculated about
temperature. Based on testing the SessSzSbisSnio
alloy's electrical resistance before and after exposure
to thermal neutron beam radiation.
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To demonstrate the relationship between
continuous electrical conductivity and temperature
changes, figure (1) shows the relationship between
electrical conductivity In(c) and temperature. It is
noted from this figure that all samples of the alloy
SessS20ShisSnig  before and  after exposure to
irradiation behave like semiconductors (that is, they
have an electrical conductivity that increases with
temperature in an exponential relationship) [18,19].

-4 ——
—@— Sample A (Without radiation)
6 1 —@— Sample B
Sample C
81 —@— Sample D
10 -
5
5 12
14
16 -
-18 A
-20
2.1 24 27 3 3.3

1000/T

Fig. (1) Electrical conductivity plot (Ln o) for SessSxSbisSnig
samples as a function of temperature sample A without
irradiation. Samples B, C and D were irradiated with doses of
6.04x10%°, 12.08x10%°, 18.12x10% n.cm™, respectively

Additionally, it is shown that, in general,
continuous electrical conductivity rises whenever
subjected to a thermal neutron beam; however,
sample C (dose 12.08x10° n.cm?) has been
significantly impacted in comparison to samples B
and D (dose 6.04x10%° and 18.12x10%° n.cm?s?).
This behavior in electrical conductivity explains that
the alloys were affected when they collided with
thermal neutrons, which led to their acquisition of
additional energy by rearranging the atoms. The alloy
had the best energy absorbed by the sample, while
less or more than this dose, the conductivity increased
slightly [16].

Figure (1) depicts the relationship between
temperature and dc electrical conductivity for all
glass samples SessS20SbisSnig both before and after
irradiation. Additionally, each sample's curve reveals
three distinct conduction regions at low, medium, and
high temperatures, indicating the existence of three
distinct electrical conduction mechanisms [10,11]. It
was found that the conductivity increases slowly from
22 to 72 °C and increases remarkably quickly beyond
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72 to 122 °C, and then the conductivity increases
rapidly when the temperature is increased from 122
to 207 °C. The charge carriers gain energy when the
temperature rises from 22 to 72 °C, and conduction
happens as a result of the carriers in the local states
jumping in the ranges near the Fermi level. The low
temperature also results in low obtained conduction
energy [14,20]. The conductivity is shown to rise as a
result gradually. However, the charge carriers
become more mobile above 22 K, and conduction
happens as a result of the charge carriers leaping in
the band tails. As a result, conduction is anticipated
to occur by variable mobility (VRH) in the lower
temperature range (122 to 207 °C). In contrast, in the
higher temperature range (72 to 122 °C), as
demonstrated in Fig. (1), conductivity increases, and
conduction occurs via the thermally assisted process
by the transfer of conduction electrons between the
stretched states (between the conduction and valence
bands this behavior fits Eq. (1) [15,21].

Ey _Ez _Es
0 = 001 KD + 5g,el KD + gpze KD (@8]

where AE;, AE;, and AEj; are the activation energies
of each term, T is the absolute temperature, and oo,
002, 003 are the pre-exponential factor parameters

The slope and intercept of the plot were used in
the temperature range of low (22-72°C), middle (72-
122°C) and high (122-207°C) to determine the
activation energy (E1, Ez, E3) and the factor (go1, ooz,
oos) Of SessS20ShisShig glass, respectively. In table
(1), the pre-exponential factor (co) provides important
information regarding the conduction process in
chalcogenide glass.

The curves demonstrate that there are three
separate paths leading to three different slopes
produced by three activation energies in thermal
activation conduction. According to equation 1, the
slope of the plot of In(c) against 1000/T can be used
to determine the activation energy (Es, E2, Es3).

Equation (1) may be used to calculate the pre-
exponential factors go1, go2 and a3 for all samples in
the three areas based on the span of the curves and
their intersection with the y-axis when the x-axis
equals zero. Table (1) shows the values for the pre-
exponential factor 0, which were calculated [22].
This figure also, shows that the relationship between
Inc and 1000/T is nonlinear and that the many defects
in the grain boundaries that result from insufficient
atomic bonding are what cause the changes in electric
conduction by enclosing charge carriers in the low-
temperature zone and also densities of the state also
promote the mobility of the carriers in the high-
temperature area because they lower the trapping
state and potential barrier [23,24]. There is no doubt
that the electrical conductivity after the neutron
radiation improved more quickly than the compound
without neutron radiation. The density of states near
the Fermi level, therefore, starts to change. We will
use the activation energies (Ei, E», Es), the
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exponential factor parameters ((go1, o2, o03) and the
width of the tails that were calculated from the
relation (AE=E>—E;) of each part of the curves shown
in Eq. (1) and written in tables (1) and (2) to
determine the densities of local and extended states
for each sample before and after irradiation.

Figure (2) depicts the correlation between the
energy tail width values (AE=E;-E;) and the thermal
neutron radiation dosage. This graph illustrates the
variation in the amplitude of the energy tail values
between samples that were exposed to thermal
neutron radiation doses of 6.04x10%°, 12.08x10%, and
18.12x10% n.cm?st and without irradiation sample.
This suggests that the radiation had an impact on the
density of the energy levels inside the samples'
mobility gaps, this modification results from the
samples' crystal recombination as a result of their
absorption of radiation energy [16,17].

0.45

0.44 -

o
~
w
D

0.42

Energy tail width (AE)

o

~

=
L

0.4 1

0.39

0.38 T T T T
0.0E+00 6.0E+10 1.2E+11  1.8E+11  2.4E+11

Irradition Dose (n.cm.s*')

Fig. (2) Energy tail width AE values plot for SessSzSbisSnio as
a function of thermal neutron irradiation dose

To calculate the energy state densities in three
different regions — localized N(Eioc), extended N(Eext),
and Fermi level N(Ef) after and before irradiation.
After substituting the values of the constants (electron
charge e, the electron mass and the values go1, g0, 003
into the equations in references [13,14] mentioned
below the energy state density was calculated in three
different regions—Ilocal, extended, and Fermi level.
The results are recorded in table (2).

N(Eex) = [5:100ext )

where h = 1.0545 x 1034 J.s

PRINTED IN IRAQ 395



IRAQI JOURNAL OF APPLIED PHYSICS

N(Ey.) = 19010¢ (3)

[ 6
e2VpphR?

where Vpn is the phonon frequency, which is of order

10% s'fand R is the hopping distance and is given by
-1

_ 0.25
R = 0'7736[N(EC)(KT)2]
and
y1=10A
N(Ep) = [ezv:w]a“ (4)

It is noted from table (2) and Fig. (3) the intensity
of the values of the stretched state (N(exy), the density
of the stretched state increases from the value
1.5x10% eV-lcm for the non-irradiated sample to
3.94x10%, 5.78x10%° and 3.62x10'° eV-icm?® at a
radiation dose with thermal neutrons of 6.04x10%,
12.08x10%, 18.12x10° n.cm?s™?, respectively. It can
be seen from Fig. (3) that the density of extended
states (Nexy) increases with increasing radiation
dose and the greatest value is at sample C. This is due
to an increase in radiation energy, which may occur
for several reasons, such as change in the value of the
mobility gap, width of the E tails, concentration of
conductors, or a shift in the conductor [12,18,19].

5.E+21 1
5E+19 -
5E+17 1
) —&— N (Eextended) stat
=
£ SE+15 1 —e&— N (Elocalized) state
w
S . -
%. 5E+13 A N (Elocalized) at Firmi leavl
i =
[
(=
= \/\'
5.E+09 1
5.E+07 ;
5E+06 +—0—mm
0 1E+11 2E+11

Thermal Neutron Irradition Dose (n.cm3.s)

Fig. (3) Densities of energy states in localized, extended and
Fermi level regions plot for SessSxSbisSnye as a function of
thermal neutron irradiation dose

The local state density determined by Eqg. (3) can
also be calculated as table (2) and figure (3) note how
the thermal neutron radiation dose affects it [18]. As
for the local state density, it was before irradiation
5.28x10% eV-icm for sample A, and it decreased
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after irradiation, and it was 1.38x10%°, 4.32x10%, and
4.94x101 eV-icm for samples B, C and D at a
radiation dose of 6.04x10%°, 12.08x10%°, 18.12x10°
n.cms?, respectively, as shown in Fig. (3) and table
(2). The transition of the alloy's crystalline structure
from an amorphous to a crystal state is largely
influenced by the rise in the stretched state's density
and the fall in the state’s density. Polycrystalline
means that this behavior has reduced the randomness
of the crystal structure of the samples irradiated with
thermal neutrons [16].

To determine the localized state density around
the Fermi level N(Eg) for all samples before and after
radiation, we substitute the parameter values of the
pre-exponential factor ooz and the jump distance R in
the low-temperature region into Eq. (4) and write the
results in table (2).

From Fig. (3) and table (2), it can be seen that the
densities of local states close to the Fermi level
decrease with the increase in the dose of thermal
neutrons, where the value was recorded as 2.85x107
eV-licm3 before radiation and became 1.18x107,
5.3x10° and 9.32x10° eV-lcm™ after radiation for
samples B, C and D respectively.

4. Conclusions

The effects of thermal neutron radiation exposure
on the density of localized, extended, and localized
Fermi level states in  melting-quenched
SessS0ShisShyy  alloy  were  studied.  When
determining electrical conductivity, three conduction
pathways are discovered, indicating the existence of
extended, local, and Fermi-level states at low,
medium, and high temperatures, where it was found
that all of these densities of states are unmistakably
affected by variations in the dose of thermal neutron
radiation. The width of the energy tails, the hopping
distance of the electrons, as well as the activation
energy all vary with the radiation dose.

References

[1] N. Tohge, H. Matsuo and T. Minami, “Electrical
properties  of  n-type  semiconducting
chalcogenide glasses in the system Pb-Ge-Se”,
J. Non-Cryst. Solids, 95 (1987) 809-816.

[2] N. Tohge, K. Kanda and T. Minami, ‘“Formation
of chalcogenide glass p-n junctions”, Appl.
Phys. Lett., 48(25) (1986) 1739-1741.

[3] R.A Street and N.F. Mott, “States in the gap in
glassy semiconductors”, Phys. Rev. Lett., 35(19)
(1975) 1293.

[4] N.F. Mott, “Introductory talk; Conduction in non-
crystalline materials”, J. Non-Cryst. Solids, 8
(1972) 1-18.

[5] K.A. Shore, “Electronic processes in non-
crystalline materials”, 2" ed., N.F. Mott and
E.A. Davis, Contemp. Phys., 55(4) (2014) 337.

[6] S.P. Vikhrov, P. Nagels and P.K. Bhat, “n-Type
Conduction in Chalcogenide Glasses of the Ge-
Se-Bi System”, Recent Develop. Cond. Matter

PRINTED IN IRAQ 396



IRAQI JOURNAL OF APPLIED PHYSICS

Phys.: vol. 2, Metals, Disordered Systems,
Surfaces, and Interfaces, Springer (NY, 1981),
333-340.

N. Tohge, T. Minami and M. Tanaka,

“Photoconductivity of vitreous chalcogenides

chemically modified by bismuth”, J. Non-Cryst.

Solids, 59 (1983) 999-1002.

[8] J.S. Mohammed et al., “Investigating the optical
and electrical characteristics of AsgCuaoxSex
thin films prepared using pulsed laser deposition
method”, Chalcogen. Lett., 20(7) (2023) 449-
458.

[9] K.A. Jasim, S.A. Makki and A.A. Almohsin,
“Comparison Study of Transition Temperature

(7]

between the Superconducting Compounds
Tlo.9Pbo1Ba,Ca,CusQOog.s,
Tlo.9Sbo1Ba,Ca,CusOg.s and

Tlp.9Crp1Ba,CazCuz0g.5”, Phys. Procedia, 55
(2014) 336-341.

[10] B.A. Ahmed et al., “The dependence of the
energy density states on the substitution of
chemical elements in the SegTesxShy thin film”,
Chalcogen. Lett., 19(4) (2022) 301-308.

[11] N.H. Khudhair and K.A. Jasim, “Study the effect
of tin on the energy density of states of SegoTeso-
xSNnx chalcogenide glass”, AIP Conf. Proc.,
2769(1) (2023) 020062.

[12] N.H. Khudhair and K.A. Jasim, “Preparation and
study the effective of Sb on the energy density
of states of SegoTes”, AIP Conf. Proc., 2769(1)
(2023) 020056.

[13] N.H. Khudhair and K.A. Jasim, “A Study of the
Effectiveness of Tin on the Thermal
Conductivity  Coefficient and Electrical
Resistance of SesoTes-xSnx Chalcogenide
Glass”, Ibn Al-Haitham J. Pure Appl. Sci., 36(1)
(2023) 149-157.

[14] A.N. Abdulateef et al.,, “Calculating the
Mechanisms of Electrical Conductivity and
Energy Density of States for SegsTe1oSns.xInx
Glasses Materials”, J. Green Eng., 10 (2020)
5487-5503.

Vol. 20, No. 2B, May 2024, pp. 393-398

[15] R.K. Chillab et al., “Fabrication of GesoTezo-xSbx
Glasses Alloys and Studying the Effect of
Partial Substitution on D.C Electrical Energy
Parameters”, Key Eng. Mater., 900 (2021) 163-

171
[16] K.A. Jasim et al., “The effect of neutron
irradiation on the properties of

Tlo.sPbo3Cdo.1Ba,CazCusOq.5 superconductors”,

Turkish J. Phys., 37(2) (2013) 237-241.

Z.J. Neamah et al.,, “The effect of gamma

radiation on the manufactured

HgBa,Ca,Cu2.4Agos0s+s compound”, Mater.

Sci. Forum, 1050 (2022) 41-47.

[18] D. Adler, (1975). “Disordered materials:

Amorphous and liquid Semiconductors”. J.

Tauc (ed.), Plenum Press (NY, 1974), p. 442.

J.K. Lee et al., “Control of thermoelectric

properties through the addition of Ag in the

BiosShisTes alloy”, Electron. Mater. Lett., 6

(2010) 201-207.

M. Mobarak, H.T. Shaban and A.F. Elhady,

“Electrical and thermoelectric properties of

CuInS; single crystals”, Mater. Chem. Phys.,

109(2-3) (2008) 287-290.

H.A. Mahdi, K.A. Jasim and A.H. Shaban,

“Manufacturing and improving the

characteristics of the isolation of concrete

composites by additive Styrofoam particulate”,

Energy Procedia, 157 (2019) 158-163.

[22] D.K. Paul and S.S. Mitra, “Evaluation of Mott's
parameters for hopping conduction in
amorphous Ge, Si, and Se-Si”, Phys. Rev. Lett.,
31(16) (1973) 1000.

[23] K.A. Jassim, W.H. Jassim and S.H. Mahdi, “The
effect of sunlight on medium density
polyethylene Water pipes”, Energy Procedia,
119 (2017) 650-655.

[24] D.J. Thouless, “Disordered materials: Electronic
processes in non-crystalline Materials”, N.F.
Mott and E.A. Davis (ed.), 2™ ed., Clarendon
(Oxford University Press), (NY, 1979), p. 590.

[17]

[19]

[20]

[21]

Table (1) Activation energies (AE, AE,, AE3) and values of (601, 60, and o3) are dependence on Neutron radiation of SessSzSbisSnio
sample after and radiation

Neutron Dose
AE1 Ooext AE2 OoLoc AE3 Oofermi
(n.cm2.s)
0 043 | 4.66x104 | 0142 | 227 x102 | 0.0879 | 1.52x 108
6.04 x 1010 0.424 | 1.22x10-3 | 0.242 | 9.22x102 | 0.0168 | 9.25x 10
12.08 x 1010 0.39 | 1.79x 103 | 0.231 | 7.078 x 10! | 0.0547 | 1.68x 106
18.12 x 1010 0.41 1.12x103 | 0217 | 3.54 x 10 0.063 | 1.85x 107
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Table (2) Tail width AE, a, R, N (Ecx), N (Eioc) and N(Eg) of SessS2SbisSnye alloy dependent on the of thermal neutron Irradiation

Dose
Neutron Dose
AE (eV) | RAY | aA® | Ngx(eV-iem3) | Neioc)(€V-'em3) | Ner(eV-icm?3)

(n.cm2.s7)

0 0.288 27 1.45 1.5x10% 5.28x 101" 2.85x 107
6.04 x 1010 0.182 2.8 1.16 3.94 x 101 1.38x 1010 1.18 x 107
12.08 x 1010 0.159 | 1.08 | 1.09 5.78 x 102 4.32x 10" 5.3 x 108
18.12 x 1010 0.193 | 3.30 | 1.215 3.62 x 101 4.94x 101 9.32 x 108
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This study explores the synthesis and characterization of Ag@Cu core/shell NPs through
laser ablation in dimethyl sulfoxide (DMSO) and dimethylformamide (DMF) liquids.
Employing a Q-switched Nd-YAG laser, we achieved controlled synthesis by directing the

laser beam onto pure silver (Ag) and copper (Cu) metal targets immersed in DMSO and
DMF, respectively. The two-step ablation method, using Ag nanoparticles as seeds,
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facilitated the creation of the core/shell structure with varying shell thickness. Detailed

characterization was carried out and they provided insights into the optical properties,

absorption peaks appear at the wavelength of 350 and 570nm, while the high absorption

peak is at the wavelength of 410nm. The crystalline nature and phase composition of Ag
. was confirmed. The average size is around 30-50nm for Ag in DMF, 55-59nm for Ag@Cu
in DMF, 23-70nm for Ag in DMSO and 22-60nm) for Ag@Cu in DMSO.
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1. Introduction

Nanoparticles (NPs) have become pivotal players
in contemporary materials science, exhibiting unique
properties and promising applications across diverse
fields [1]. Among the myriad of NP architectures,
core/shell nanoparticles have garnered substantial
attention due to their tunable properties and
multifaceted functionalities [2]. The addition of metal
ions, such as silver (Ag) and copper (Cu), to glass
compositions can modify their physical and chemical
properties and provide unique functionality for
clinical applications. These metal ions are known to
possess antimicrobial properties that can be useful in
preventing or controlling infections [3,4]. For
instance, silver ions are highly effective against a
broad range of microorganisms, including bacteria,
viruses, and fungi, by disrupting their cellular
processes [5]. There is a high need for antibacterial
formulations employed in tissue regeneration
therapies [6]. Antibacterial metal ions have been
around for a long time [7], and Ag has been shown to
have good broad-spectrum bactericidal activity [8].

The utilization of laser ablation as a synthesis
technique provides an innovative avenue for the
controlled fabrication of nanoparticles. This method
offers advantages such as precision, purity, and the
ability to tailor the size and morphology of the
resulting nanostructures [10]. Investigations focused
on the impact of DMSO and DMF, both known for
their solvating capabilities [11], in the synthesis of
Ag@Cu core/shell NPs. The choice of these liquid
media introduces an additional dimension to the
synthesis process, allowing us to explore their role in
shaping the core/shell architecture.

Figure (1) shows the Ag@Cu core/shell
configuration chosen for its inherent synergies
between silver (Ag) and copper (Cu). This
combination not only enhances the stability of the
nanoparticles but also imparts unique properties [12],
opening avenues for applications in catalysis,
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sensing, and beyond. The investigation is centered on
the exploration of surface plasmon resonance (SPR)
in Ag@Cu core/shell nanoparticles. The collective
oscillation of conduction electrons, as exhibited by
SPR, governs the optical and electronic
characteristics of nanoparticles and is a key
determinant in their applications [13].

Fig. (1) Ag core-Cu shell nanoparticles [9]

To comprehensively characterize the Ag@Cu
core/shell nanoparticles, a series of tests on each
sample. UV-visible spectrophotometry analysis was
employed to gain insights into the electronic
transitions occurring within the nanoparticles,
shedding light on their optical properties [14]. The x-
ray diffraction (XRD) provided valuable information
about the crystal structure and composition,
elucidating the structural integrity of the synthesized
nanoparticles [15]. Additionally, field-emission
scanning electron microscopy (FE-SEM) allowed to
introduce the morphology and surface features at the
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nanoscale [16], contributing to a holistic
understanding of the synthesized Ag@Cu core/shell
nanoparticles.

In this study, we delve into the intricacies of
synthesizing Ag@Cu core/shell nanoparticles,
employing a laser ablation method and using
dimethyl sulfoxide (DMSO) and dimethylformamide
(DMF) as liquid media. Our exploration of surface
plasmon resonance and comprehensive
characterization throughout UV-visible spectra, XRD
and FE-SEM analyses not only contributes to the
fundamental understanding of core/shell
nanostructures but also paves the way for their
practical applications. By leveraging recent research
and insights from the literature.

2. Experimental Part

Monometallic nanoparticles were synthesized
utilizing a Q-switched Nd:YAG laser operating at a
wavelength of 1064 nm, with a pulse width of 5 ns,
and a repetition rate of 6 Hz. The laser beam was
directed onto pure (99.9%) metal targets of silver
(Ag) and copper (Cu) immersed in two distinct
solvents, namely dimethylformamide (DMF) and
dimethyl sulfoxide (DMSQO). The metal targets were
placed within a glass vessel with a total volume of 5
ml. To achieve nanoparticles of varied sizes, the laser
energy was set at 1000 mJ using 400 pulses.

A sequential two-step ablation method,
schematically depicted in Fig. (2), was employed for
the synthesis of bimetallic Ag@Cu core-shell
nanoparticles in DMSO and Ag-Cu core-shell
nanoparticles in DMF. Initially, a colloidal solution
of Ag nanoparticles was prepared by ablating an Ag
target in both DMSO and DMF fluids. Subsequently,
the Ag target was subjected to laser ablation in the
freshly prepared Ag nanoparticle colloidal solution.
The Ag nanoparticles served as seeds, forming the
core for the ablated Cu species. The ablation process
comprised 400 pulses for both Ag and Cu targets to

achieve a core-shell morphology.

Plasma Formation Expansion
Laser induced breakdown

Shock Waves

| Target Plasma plume

Fluid

=
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Cavitation bubbles Nanoparticles nanomaterials
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Fig. (2) Schematic illustration of the laser ablation during the
laser—target-liquid system for each laser pulse [7]

Optical absorption spectra of the freshly prepared
nanoparticles were recorded using a Shimadzu 1800
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UV-visible spectrophotometer providing insights
into their electronic transitions and optical properties.
An AERIS Malvern Panalytical x-ray diffraction
(XRD) instrument and Inspect™ F50 FEI field-
emission scanning electron microscope (FE-SEM)
were used to introduce the structural characteristics of
the prepared nanoparticles. The collected
nanoparticles were then dried drop by drop onto p-
type (100) silicon substrates, preparing them for
subsequent XRD and SEM analyses.

This comprehensive experimental approach
allowed us to control the size and composition of the
monometallic nanoparticles and engineer the
morphology of the bimetallic Ag-Cu core-shell
nanoparticles. The spectroscopic and structural
characterizations undertaken throughout UV-visible,
XRD and FE-SEM analyses will provide essential
insights into the properties and potential applications
of the synthesized nanoparticles. The use of different
solvents and the two-step ablation process contribute
to the versatility of the proposed synthesis method,
offering a platform for tailoring nanoparticle
characteristics for specific applications.

3. Results and Discussion

The UV-visible spectra of the synthesized
Ag@Cu core/shell nanoparticles revealed distinctive
absorption peaks, indicative of the plasmon resonance
associated with the nanoparticles.
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Fig. (3) UV-visible spectra for (a) Ag and Ag@Cu in DMF and
(b) DMSO

In Fig. (3a), weak absorption peaks appear at the
wavelength of 350 and 570nm, while the curve in the
same figure shows a relatively high absorption peak
at the wavelength of 410nm. This curve is very
similar to the curve for silver (Ag). In Fig. (3b), curve
no. 1 shows high absorbance in the UV wavelength
region, gradually decreasing with increasing
wavelength, reaching its lowest value at infrared
wavelengths. As for curve no. 2, it shows behavior
similar to curve no. 1. With a lower intensity, two
absorption peaks appear in this spectrum: the first is
high, at a wavelength of approximately 260 nm, while
the second peak is centered at a wavelength of
approximately 685 nm.

The presence of sulfur (S) within the chemical
structure of DMSO solvent led to the formation of the
S=0 bond [17] and thus increased the polarity of the
mixture due to the higher polarity of DMSO solvent
compared to DMF solvent (7.2 for DMSO solvent and
6.4 for DMF solvent) as well as the larger value of the
dielectric constant (49 for DMSO solvent and 37 for
DMF solvent DMF), which caused an increase in the
absorption of the mixture in the ultraviolet region
(200-400nm), as the dominant spectral activity in this
region of the electromagnetic spectrum is due to the
n—m* transitions, which are greatly affected by the
polarity of the materials composing the mixture. It is
noted that the distinct absorption peak at length The
wavelength of 410nm almost disappeared in the case
of the mixture in DMF solvent, as the hydrocarbon
bonds that make up this solvent are generally
characterized by high absorbance in the ultraviolet
region of the electromagnetic spectrum.

FE-SEM was employed to unravel the
morphological intricacies of the synthesized Ag@Cu
core/shell nanoparticles. The obtained images shed
light on the structural features, offering valuable
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insights into the size, shape, and surface
characteristics of the nanoparticles.

 Ag@Cu
Fig. (4) FE-SEM microimages for (a) Ag in DMF, (b) Ag in
DMSO, (c) Ag@Cu in DMF and (d) Ag@Cu in DMSO

In both DMF and DMSO solutions, figure (4)
shows that the FE-SEM images revealed well-defined
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spherical nanoparticles with a discernible core/shell
architecture. The average particle size is around 30-
50nm for Ag in DMF and it is more compacted, 23-
70nm for Ag in DMSO, and has more aggregation,
which means that the same particle size with different
solutions, 55-59nm for Ag@Cu in DMF, and 22-
60nm for Ag@Cu in DMSO. The colloidal of
Ag@Cu core/shell in DMSO is the most
homogeneous than the Ag@Cu core/shell in DMF
and also has the same particle size with different
solutions, and notice that brightness reign shows
crystal building, as in figures (4c) and (4d),
underscores the precision of the laser ablation
technique in controlling particle dimensions [18].

The uniform and spherical morphology observed
in the FE-SEM images aligns with the successful
formation of Ag@Cu core/shell nanoparticles. This
structural integrity is crucial for potential applications
in catalysis, sensing, and other nanotechnology
domains where specific morphologies are often
essential [19]. The distinct core and shell regions
observed in the images indicate the effectiveness of
the laser ablation process in achieving controlled
synthesis [20].

The observed variations in particle size and
morphology between DMF and DMSO solutions
could be attributed to the solvent influence on
nucleation and growth processes during synthesis
[21]. DMF, being a polar aprotic solvent, may
contribute to different nucleation kinetics compared
to DMSO, a highly polar solvent. Such solvent-
dependent variations have been noted in recent
studies [22].

Additionally, the high-resolution FE-SEM images
provide valuable insights into the surface roughness
and porosity of the nanoparticles, factors that can
influence their catalytic activity [23]. This detailed
morphological ~ understanding  enhances  our
comprehension of the structure-property relationships
critical for optimizing the performance of Ag@Cu
core/shell nanoparticles in diverse applications.

The XRD patterns of Ag@Cu core/shell
nanoparticles in DMSO and DMF are characterized
by distinct peaks, each corresponding to specific
crystallographic planes denoted by the (hkl) indices.
The (hkl) values represent the Miller indices that
uniquely identify the crystal planes contributing to the
diffraction peaks.

Table (1) XRD peak results for Ag and Ag@Cu in both DMF
and DMSO

Ag NPs in DMSO and DMF Cu NPs in DMSO and DMF
hkl 20 hkl 20
(111 38.10° (111) 4347°
(200) 44.37° (200) 50.37°
(220) 64.17° (220) 73.99°

The XRD patterns exhibit sharp diffraction peaks,
indicative of the crystalline nature of the synthesized
nanoparticles. Table (1) illustrates that the
corresponding (hkl) indices for these peaks can be
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assigned based on their positions in the XRD
spectrum. For Ag, the (111), (200), and (220) peaks
agree with the JCPDS card no. (00-001-1167), and for
Cu the (111), (200), and (220) peaks in agreement
with the JCPDS card no. (00-002-1225). These results
signify the predominant crystallographic orientations
within the Ag@Cu core/shell nanoparticles.

It can be seen that figure (5a) contains two curves.
Seriously, when the XRD analysis subject to the Ag
in DMF and Ag in DMSO solutions, at the first
moment it has been observed a single crystal with
very high-intensity 20 = 68.80°. When this result was
compared with another work, it didn't find the same
single crystal, which means that this experiment
revealed a novel result that the special peak has 26 =
68.80° but, to match our results with other works, the
XRD pattern has been split into two curves. The top
contains concentrated crystalline particles with a high
intensity greater than 6400 counts while the bottom
has several peaks related to Ag metal obtained using
a pulsed laser with low intensity of fewer than 100
accounts have miller indicates by (111), (200), and
(220). Figure (5b) shows the result for Ag-DMSO
revealed lower intensity (400 counts) compared to the
Ag-DMF solution which means that the DMF
solution leads to the arrangement of Ag crystals in
specific 26 = 68.80°.
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Fig. (5) XRD results for (a) Ag in DMF, (b) Ag in DMSO, (c)
Ag@Cu in DMF and (d) Ag@Cu in DMSO

Figure (5c) demonstrates the incredible outcome
analysis of Ag-Cu core/shell in DMF solution
produced a very sharp, remarkable, and highest
intensity crystal orientation which emphasizes the
effect of DMF to conform the order configuration of
core/shell, Ag-Cu ordering pattern with the presence
of Ag and Cu basis peaks. Figure (5d) illustrates the
addition of Cu target in Ag-DMSO solution and
application of pulsed laser ablation in the same
environment leads to enforcement to produce high
intensity (6400 counts) crystal orientation in the same
26 = 68.80° when comparing with Fig. (5b).

4. Conclusion

The results obtained from this work proved the
nanosized core-shell metal NPs with spherical shape.
Results also showed that the colloidal of Ag NPs in
DMSO is the most aggregation than Ag NPs in DMF,
the colloidal of Ag@Cu core/shell in DMSO is the
most homogeneous as Ag@Cu core/shell in DMF and
has the same particle size with a different solution.
The results unveil disparities in the crystalline nature
and phase composition of Ag@Cu core/shell NPs.
The diffraction patterns exhibit unique peaks (single
crystalline) at 26=68.80° emphasizing the solvent-
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driven influence on the formation of the core/shell
structure.
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Effects of Variable Applied
Voltage on Dielectric Barrier
Discharge Plasma Parameters:
Comparative Study

The purpose of the COMSOL Multiphysics program is to create a simulation that is
similar to an experimental device. In this paper, a one-dimensional simulation for
discus plate DBD is done in COMSOL Multiphysics software. DBD system, which
used argon as the working gas and an ac power supply running at a frequency of
9.1 kHz, is reported in this study. Investigating the effects of voltage on temperature
and electron density in our device, it is shown that an increase in voltage from 2 to
12 kV results in an increase in electron density from 5.405x10%" to 7.432x10%" cm™®
and also increasing the electron temperature. By utilizing COMSOL, results showed
an excellent agreement between experiment and COMSOL simulations results.
According to the study, electron density could reach orders of 1017 cm-3 by
optimizing which control of applying Voltage. The results of this study provide
important insights into the field of plasma technology and its applications, where

they may serve as a basis for future extensive research.
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1. Introduction

Many research studies have explored non-thermal
plasma, like dielectric barrier discharge plasma
(DBD), for various applications due to its significant
potential in technology. Non-thermal plasma, which
can produce high-density plasma at room
temperature, is widely favored for its eco-
friendliness, cost-effectiveness, and independence
from expensive specialized labs [1,2]. A dielectric
barrier discharge, often known as a silent discharge or
barrier discharge, involves using at least one
electrode covered with a dielectric material. The
dielectric layer serves as a safety measure, limiting
electric current and preventing the occurrence of
sparks or arc discharges [3]. Common materials used
for this purpose are glass, ceramics, quartz, enamels,
and epoxy. Among others [4,5], a dielectric barrier
discharges (DBDs) exhibit a unique behavior,
combining non-equilibrium and near-continuous
properties. They are known for having high-energy
electrons while keeping other heavy particles
(neutrals and ions) at lower temperatures. DBDs
generate various chemically active components,
including electrons, free radicals, and ions, without
significantly heating the surrounding gas. Because of
these characteristics, DBDs find extensive use in
applications such as gas purification (removing sulfur
oxides, nitrogen oxides,, and volatile organic
compounds), notably in the generation of ozone, the
alteration of polymer surfaces, plasma-based vapor
deposition, and pollution control, sterilization in
medical applications water treatment, agriculture and
numerous other technologies [6,7] micro discharge
plasma parameters, especially electron density and
temperature that affect the properties of plasma,
additionally other number of factors, including flow
rate, gas composition, applied voltage, frequency,

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

electrode design, and dielectric type [1,8]. There
must be coherence between theory and experiment in
science. This implies that there is essentially a
theoretical foundation for what is done empirically.
We use the simulation technique to avoid the high
cost on setup design and to prevent wasting time with
the goal of applying the optimal conditions to real-
world trials, and forecast plasma behavior under
various circumstances especially if the input data that
the program requires are accurate. It will give us
results that are very close to the experimental results
[9]. In this study, we use the COMSOL Multiphysics
program to simulate the phenomenon and investigate
the degree to which experimental data match the
simulation [10].

There are two goals of this work, the first goal is
to thoroughly examine how the dielectric barrier
discharge (DBD) plasma behaves when the voltage in
the system is changed, and the second is to investigate
if the simulation of the experiment using COMSOL
program gives a good match with the experimental
work result. Electron temperature, electron density,
plasma frequency, and Debye length — all of which
are impacted by voltage variations — were measured
using spectroscopy techniques, and the outcomes of
the simulation and the experiment were compared.

2. Experimental Part and Plasma diagnostics

The plasma generation chamber is made up of two
solid brass cylinders, each measuring 40 mm in height
and 25 mm in diameter. They are positioned about 5
mm apart. A thin layer of insulating glass, just 1 mm
thick, is sandwiched between these two cylinders.
The chamber itself is cylindrical and constructed from
Teflon material. It has a 50 mm diameter and includes
two openings: one for introducing argon gas and the
other for letting it escape. To ignite the plasma, we
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use an alternating electric current source that can vary
in frequency. This source provides a high voltage in
the range of 0 to 20 kilovolts, as well as the argon gas
flow rate was kept constant at 2 L/min. In this setup,
the electric field created by the voltage difference
between the electrodes is uniform. This ensures that
the resulting plasma occupies the entire space from
just beneath the anode to the surface of the dielectric
covering the lower electrode (cathode) [11]. As
depicted in Fig. (1), the AC dielectric barrier
discharge (DBD) system that was used in this work,
(a) for experimental setup, and (b) simulation setup in
the COMSOL software.

Power supply

Computer

Spectrometer \\5

Alioie biiss dectioae ,J()p(icnl fiber with lens

Insulating glass % Plasma discharge

cathode brass electrode. ( )|
\,
Inlet gas Outlet gas
Flow me(er/
A

Ar Gas

(@)

Glass

Brass /
\ 13.5 mm

T
12.5 mm

I
17.5 mm

Brass

(b)
Fig. (1) (a) The experimental setup design for the Dielectric
Barrier Discharge, and (b) Schematic design of the simulation
setup

A discharge begins when the breakdown voltage
is attained. lonization takes place during discharges
in gases at atmospheric pressure, and a large number
of random arcs emerge in the operating gap between
the two electrodes. [12]. The layer is charged by the
accumulation of the charge incoming ions or
electrons, where they discharge in microseconds,
reforming elsewhere on the surface. Moreover, the
surface charge restricts the amount of charge that can
be transported to the electrodes by lowering the
electric field in order to prevent the glow discharge
from turning into an arc [13]. This charge
accumulation process is transient; as long as a
sinusoidal voltage is applied, the process will repeat
itself and reverse in the other way when the electric

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

Vol. 20, No. 2B, May 2024, pp. 405-410

field potential is reversed. This so-called dielectric
barrier is what causes the plasma to self-pulse, which
in turn causes a nonthermal plasma to form at room
pressure. [14]. The large electrodes and short spacing
between them result in a large surface-to-volume ratio
for the DBD. In addition to maintaining a low gas
temperature, this encourages heat diffusion losses.
[15]. Optical emission spectroscopy (OES) is one
technique for diagnosing plasma. In fact, it's possible
to say that the emission lines serve as the excited
species' fingerprints, to determine the plasma's
parameters such as plasma frequency, electron
density, and Debye length. The plasma electron
temperature was counted using Boltzmann plot
method [16]
Ajilji _ 1 N
where g; is statistical weight, while 1ji is the relative
emission line density between energy levels i and j,
Ajj is the wavelength (in nm), kg is the Boltzmann
constant, A; is the potential for radiation to be
automatically transmitted from level i to the lower
level j, Ej is the excitation energy for level i, N refers
to the densities of the population of the state, U(T) is
the partition function, h is the Planck's constant, and
c is the speed of light. Debye's length (lp) is
calculated using the formula shown below [17]
1
Ay = () @
where ne is the density of the electrons, Free space
permittivity is denoted by o, e is the electron charge,
and Te is the electron temperature. Plasma frequency
(wp) can be given as [18,19]:
ne €2 2
@ = (o) ®)
where me is the mass of the electron, and the rest of
the parameters are known above

2.1 Governing Equations to DBD simulations

We use COMSOL Multiphysics program (version
6.1) to simulate the phenomenon. COMSOL software
calculates the average electron density and electron
energy that solved by COMSOL are respectively
[20,21]:
%(ne) +V: [_ne(,ue ' E) - De ' Vne] = Re (4&)
Z_}t](ng) +V-[-n.(uo-E)—D,-Vn, ] +E-T, =
R, (4b)
where ne is the electron density, De is the electron
diffusion coefficient, and T is the electron flux, Re
the rate of electron production, u. the electron
mobility, ncis the electron energy density and E is the
electric field

3. Results and Discussion

3.1 Optical Emission Spectroscopy (OES)

In order to investigate the effect of voltages
applied on the spectra generated, figure (2) displays
the emissions spectra of the generated plasma using
various voltage values. According to NIST data [22],
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this figure exhibits a variety of peaks, the majority of
which are associated with Arl. The results for the
locations of the most important peaks in the spectrum
at 696.54, 763.51, 772.38, 801.47, 811.53, 826.45,
842.46, and 912.30 nm, as well as found that the
maximum intensity was at 763.6 nm at 12 kV.

According to the figure, as the applied voltage is
raised, the peak intensity rises. Due to an increase in
the potential difference between the electrodes, which
gives the electrons sufficient excitation energy, the
acceleration of the electrons increases with the
potential difference. This causes more ionization
collisions, which in turn increases the intensity of the
plasma emission. This result which agrees with
[16,23].

The relation between between (Ln[e;ilii/A;igi])
versus upper energy level (Ej) for the dielectric
barrier discharge (DBD) system for each voltage was
utilized to compute the Te values using Eq. (1). The
results are displayed in Fig. (3). Additionally, the
fitting equation for each voltage as well as the
statistical coefficient (R?) are included in this figure.

The figure's results show that the range of 0.9292-
1 eV is where the fluctuation in the (0,1) values
occurs proving the accuracy of the linear fit. Electron
density ne can be calculated by Eq. (2) of a different
voltage the outcomes are shown in Fig. (4). We notice
an increase in the electron density in the range of
5.405-7.432x10 cm® with different applied
voltages, while the electron temperature (Te) in the
range of 1.236-2.551. This value clearly resulted that
density and temperature of electron depends on the
applied voltage and we notice of the figure that the
electron temperature increasing from 1.236 to 2.648
eV, with increasing applied voltage from 2 to 10 kV,
respectively, while decreasing slightly to 2.551 eV
with 12 kV. Table (1) displays the plasma properties.
Such as plasma frequency, electron density, electron
temperature, and Debye length. For DBD plasma, at
various voltages of an atmospheric pressure.
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Fig. (3) Boltzmann plot for Arl peaks using the DBD system
at various voltages
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Fig. (4) The relationship between electron temperature (Te),
electron density (ne) with Ar gas flow rates

According to that Figure and data listed in table
(1), as the applied voltage between the two electrodes,
is raised, electric field intensity in the electrodes gap
increases, this is due to the fact that when the
electrons are exposed to a high potential difference,
they accelerate more and their Kinetic energy
increases, and thus their electron temperature
increases. Although increasing the kinetic energy of
the electrons causes an increase to more ionization
collisions and thus an increase in the speed of the
electrons.

The energy that the electrons gain as a result of
acceleration is much greater than the energy that they
lose as a result of the collisions. Therefore, we note
that increasing the potential difference between the
two electrodes causes an increase in the temperature
of the electrons. However, this process is not
achieved in absolute terms. Increasing the applied
voltage also results in an increase in the density of
particles, leading to heightened collisions. This, in
turn, causes a reduction in the kinetic energy of the
electrons and a subsequent decrease in electron
temperature. Thus, it can be said that two factors are
at play, competing for predominance whichever is
predominant becomes the prevailing. And this maybe
to explains the vacillated between the increase and
decrease of electron temperature in different applied
voltage. On the other hand, the electron density
increases and thus an increase in the plasma emission
intensity [24]. This result agrees with [23,25].
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3.2 Simulation results

The simulation was carried out under constant
conditions such as frequency of 9.1 Hz, a gas flow
rate of 2 L/min, and fixed dimensions of setup, while
voltage parameters that were changed in the range of
210 12 kV. Consequently, calculations were made for
the electron temperature and electron density, and the
results were compared with experimental data. A
close examination of the COMSOL-provided
diagrams for Fig. (5a) illustrate the electron
temperature as a function of applied voltage; each
point in the figure corresponds to a new run in the
COSMOL with the specified working conditions.

[X]

0.8

11 16 21 26 31 X 10

Time (s)

(b)
Fig. (5) Simulation results from COMSOL of (a) electron
temperature, and (b) electron density, of versus applied
potential at atmospheric air pressure

Table (1) Plasma parameters at various voltages

Te FWHM | nex10"7 | f,x10'2 | Apx10*
)| (@) | (om) | (em3) | (Ho) | (cm)

2 1.236 | 0.800 5.405 6.602 1.124
4 1.701 0.900 6.081 7.003 1.243
6 2171 0.950 6.419 7.195 1.366
8 2.496 1.000 6.757 7.382 1.428
2.648 1.050 7.095 7.564 1.436
2.551 1.100 7432 7.742 1.377

v
(kV

We notice the electron temperature curves
increase against applied voltage increases. In Fig.
(5b), we see the electron density at the mentioned
voltages, also increased when the potential difference
between the two electrodes increased. Based on the
data obtained in this simulation, and according to Fig.
(5a,b), we find that there is a good match with
experimental data for the electron temperature and
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electron density. Taking into account the small
difference in the accuracy of the values between
simulation and practical values.

4. Conclusion

In this work, the effects of applied voltage on
DBD plasma characteristics are investigated
experimentally and compared with the outcomes of a
COMSOL Multiphysics simulation. The study
examined how different voltages affected the
parameters for plasma electron temperature and
density. It has been demonstrated that the simulation
results are consistent with the experimental data,
suggesting that this approach is a successful substitute
for practical experiments, the results showed that the
behavior of the electron temperature and density
changed with applied voltage, indicating that
increasing the voltage caused the electron density to
increase. Still, the temperature of the electrons
increases.
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Fig. (2) The optical emission spectra of DBD plasma produced at various voltages of 2, 4, 6, 8, 10, and 12 kV
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to the design site and the required analysis ability, the four models were designed
equal in geometric dimensions and file size, and the results showed that the Gemini

objective lens (S3) achieved the best results because it obtained the lowest values
for the final effective probe diameter and the focal length (f=4.76 mm) that
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1. Introduction

Revolution in the field of electronic optics led to
the invention of the electron microscope in 1931 by
Ruska and Knoll with an acceleration voltage of 50
kV and a magnification of 16 times, while Knoll
evaluated the flaws that exist on object surfaces in
them by designing a new electronic microscope called
the scanning electron microscope (SEM) in 1935 [1].
In 1942, Zworykin developed the first scanning
electron microscope by testing secondary electrons
which give us images of features and properties of
surface with an analysis capacity 25-50 nm [2]. The
magnetic lens is one of the most important types of
electronic lenses. Therefore, it is included in the
manufacture of scanning electron microscopes, as it
is characterized by the fact that unlike the
electrostatic lens, it doesn't operate at high voltages,
with its high analytical capacity and the advantage of
being easy to manufacture. The accuracy of the work
and the lack of costs, since the electromagnetic
component of the lens performs the majority of its
functions, it is more appropriate than a permanent
magnet because it allows one to alter the magnetic
field's strength by varying the current flowing
through the coil or the number of turns it has [3]. The
three basic categories of electromagnetic lenses are
the iron-free lens, the monopolar lens, and the bipolar
lens. Additionally, there exist three-pole lenses,
which have more than two poles. The iron-free lens
consist of ring coil in form of tape or wire, and the
primary dependence of magnetic field in this type is
the geometric shape of the coil [4]. The protrusion of
the outer pole of this type of lens is one of its most
important features, which leads to the magnetic flux
density creeping away from the lens mount, which
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gives freedom of movement to the sample This type
was used when there was a hole in its pole as an
objective lens in the transmission electron
microscope (TEM) and the scanning electron
microscope (SEM) [5]. Bipolar lens is more widely
used than others. This lens is designed from a coil,
two iron poles, and an iron circle surrounding the two,
and its working principle depends on the passage of a
continuous electric current in the circular file, which
generates an axially symmetrical magnetic field. It
deflects the charged particles passing through it
towards the axis of the coil, and for the purpose of
increasing the magnetic flux density's maximum
value and achieving a strong field confined to a small
area, The gap is the area where the magnetic field is
concentrated, and it is encircled by a cover made of
(ferromagnetic) material with high magnetic
permeability, such as wrought iron. The antenna, via
which the electronic beam enters and leaves, is
situated between two pieces of iron that symbolize
two magnetic poles [6].

The aim of this work is to evaluate and investigate
optical properties of four types of objective Gemini
lenses and decided which one is the best by using
computer programs.

2. Designed electronic lenses and used
software

In this study, four models of Gemini objective
lenses (S1, S2, S3, and S4) were used, and the
distance between the pole pieces of these lenses is
respectively S1=10 mm, S2=7 mm, S3= 4mm, S=1
mm, and the excitation factor is NI = 1000 A-t, and
low voltage (V.= 8kV).
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2.1 Finite Element Method (FEM)

It is a numerical technique for solving a set of
ordinary differential equations and solving the
problem of voltage limits instead of approximating it.
It was presented by Munro [13] and developed by
Lencova [8] within the AMAG program as a basic
basis for calculating the magnetic field. The total
area, including the empty space around the poles, is
divided into finite elements, forming “rough gratings”
as a result of the overlapping of axial lines with radial
lines, and the rough gratings are divided into smooth
gratings, and these lines are processed by the program
automatically [7]. The asymmetric pole is taken by
taking the upper half of the lens and selecting the
borders around the lens in which the voltage
distribution is zero [8] to maintain the most dense
distribution of the grid lines at the air gap of the lens
and near the poles [9]. Gradually towards the outer
limits, and the method of finite elements became one
of the main methods used in the design of electronic
devices and advanced micro devices [14].

2.2 AMAG Program

This program is distinguished by its high accuracy
due to using many gridlines more than those used in
the program [13]. This program can compute the
magnetic  flux density distribution of the
electromagnetic lens that is rotationally symmetrical
[8,13].

2.3 Flux M31 software

Munro created this program in 1975 [13] to depict
the magnetic flux lines of electromagnetic lenses.
This program is fed with the magnetic flux values
obtained from the AMAG program, and then the
magnetic flux values are calculated at each point of
the finite element grids, and then these values are
stored in A special file (File) to be inserted into the
(Flux) program modified by Murad in 1998 [11], who
made some software modifications to the M31
program, which was developed by Munro to be run
on a compatible microcomputer (IBM) and called it
“Flux”. Magnetic flux lines are drawn by connecting
the magnetic flux points at each point of the clamp,
which have the same voltage value, where these lines
take circular shapes concentrated around the iron
poles, and these lines are convergent in areas of high
density in the flux and divergent in areas of low
density [10].

3. Results and Discussion

3.1 Axial Magnetic Flux Density Distribution:

Different values have been used for the distance
between the lens's pole, which is S=10, 7, 4, 1 mm, in
order to study the impact of the diameter on the axial
magnetic field (B;) and the path of the electronic
beam [11], and consequently on the objective optics
of the electromagnetic lens, where the figure (1)
shows the axial magnetic flux density (B,)
distributions for symmetrical bipolar electromagnetic
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lenses along optical axis (z) and for different values
of distance between the poles of the Gemini lenses
(S=10, 7, 4, 1 mm). Figure (1) shows that decreasing
the diameter of the axial aperture results in an
increase. This feature is helpful for focusing the
electron beam that passes through the optical axis of
the lens (B;) at the highest value of the magnetic flux
density. Because it is generally known that peaks
higher than (B;) can be achieved by increasing the
area CT of the excitation coil and reducing the
distance between the coil and the sample, it can be
claimed that this result is preliminary but it is not
definitive [12].

0.16 1 B, (Tesla)
—a— S1 atNI=1 KAt

—&— 82 at NI=1 KAt
S3 at NI=1 KAt
—8— 84 at NI=1 KAt

40  -30  -20 40
Z (mm)

© ALL RIGHTS RESERVED

Fig. (1) The distribution curves of the axial magnetic flux
density (B,) at variable values of the axial aperture (z)

Table (1) Distribution curves of the axial magnetic flux
density 4. Magnetic flux lines for electronic lenses designed

Lens icon Z (mm) Brmax (T)
Sl 3.75 0.125
S2 6.5 0.134
S3 8.5 0.139
S4 10.8 0.126

3.2 Magnetic flux lines for designed electronic
lenses

The flux density and distribution across the
magnetic circuits of unsaturated magnetic lenses were
calculated for the flow assay using the M31 software
[13] at NI = 1000 A-t. The designed lenses' flow path
lines are shown in Fig. (2). By virtue of the uniform
and minimal leaking of its flow lines, it is obvious that
the S3 lens has the best appearance. Additionally,
because they are required to have the intended impact
on the charged particles passing through the lens,
their flux lines propagate along the preferred direction
and in the recommended manner. This outcome
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provides a clear indicator of the desired lens.
However, this requires more research.

3.3 Calculation of path of electronic beam
inside objective lenses

The path of the electronic beam inside the
magnetic lenses was calculated by entering the
engineering data into the M21 program prepared by
Munro in 1975 [13], and this is done using the fourth-
order Runge-Kutta method by solving the axial beam
equation. Figure (3) shows the path of the electronic
beam with an accelerated voltage (V,=8kV) and at
excitation (NI=1000 A-t). It is clear from the shapes
of the beam paths that the S2 lens has the lowest focal
length compared to the rest of the lenses, and this in
turn will give the lens the possibility of stronger
focalization and thus less aberration compared to its
counterparts [14]

Table (2) The change in chromatic and spherical aberration
and focal length when the excitation coefficient is fixed (NI =
1000 A-t) and a variable voltage (V,=8kV)

Vol. 20, No. 2B, May 2024, pp. 411-415
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Fig. (2) Magnetic flux lines for Gemini lenses (S1, S2, S3, S4)
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Fig. (3) The trajectory of the electronic beam at an accelerated
voltage of V,=8kV and excitation of NI=1000 A-t
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3.4 Calculation of focal optical properties of

objective lenses

The efficiency of magnetic-optical lenses can be
determined by their similar properties such as the
coefficient of chromatic aberration (Cc), This depicts
the lens's capacity to focus the beam at a consistent
wavelength, and The capacity of the lens to create an
electronic beam that is configured in a dotted fashion
with the least chance of distortion is known as the
spherical aberration (Cs) or electronic spherical. And
the focal length (fo) defined as lens ability to focus the
electron beam, the optical properties are estimated as
a function of the excitation factor (NI) and as a
function of the acceleration voltage (V,) for the four
designs to determine how well the lens can
concentrate the electronic beam.

From the figures (4) and (5), we see that with
increasing voltage (V,) and constant excitation
function (NI), the coefficient of spherical aberration
(Cs) and chromatic aberration (Cc) both rise.
Additionally, we observe that lens S3 has the lowest
combined value for the coefficients of spherical and
chromatic aberration. Comparing the voltage to the
other lenses (S1, S2, S4). As seen in Fig. (6), the
increase in voltage is to push the electrons to a far
point, which leads to the formation of a focal length
at the farthest point.

75

—o— S1atNI-1 KA
7 b —a—S2atNI-1KAt
S3 at NI-1 KAt
65 I = S4atNi1 KA

3 1 1 1 1 1
6000 8000 10000 12000 14000 16000 18000

V, (volt)

Fig. (4) Change of chromatic aberration with constant
excitation function NI to the change of accelerating voltage V,

3.5 Calculation of probe diameter formed in
objective lenses

When determining the electronic beam's effective
total diameter (dp) as it strikes the model's surface,
and the accompanying exposure due to the
contributions of spherical or chromatic aberration and
diffraction experienced by models the four models'
objective lens as a function of aperture angle oy [15],
As shown in Fig. (7), where this figure shows the
relationship between the diameter of the final
effective probe (dp) according to the aperture angle
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(op) for the four designs at fixed values for each of the
excitation factor (NI=1000 A-t) and the voltage of
acceleration (V=8kV), as a result (S3) lens has a
lowest value of final effective electron probe diameter
which corresponds to a aperture angle value as shown
in table (3)

47 | —=—STAtNI=1 KAt
—a— S2 at NI=1 KA-t

S3at NI=1 KAt
—e— S4at NI=1 KAt

Cs (mm)

6000 8000 10000 12000 14000 16000 18000
Vr (Volt)

Fig. (5) Change of spherical aberration with constant excitation
function NI to the change of accelerating voltage V.

Table (3) Final effective electron probe diameter to the
aperture angle

Lens icon Qop: (Mrad) dpmin (MM)
S1 55 5.7
S2 5.5 55
S3 5.5 54
S4 55 5.9
9
—e— 51 at NI=1 KA+t
85 | —=—S2atNI=1 KAt
S3 at NI=1 KA-t
8 I —a—s4atNi=1KAL
75
7 L
E65 |
6 L
55
5 L
45
4 1 1 1 1 1

6000 8000 10000 12000 14000 16000 18000
V, (volt)

Fig. (6) The focal length change with the constant excitation
function NI to the change in accelerating voltage V.
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Fig. (7) The relationship between the diameter of the final
acting probe d, as a function of the aperture angle a, for the
four designs at fixed values for the excitation factor
NI=1000(A-t) and the acceleration voltage V,=8kV

4. Conclusions

It was noted that the Gemini objective lens with
(S3=4mm) distance between the two pole pieces
achieved good results compared to the other designs,
studying the optical properties at a constant value of
the excitation factor (NI = 1000 A-t) for all designs
and changing the distance between the poles of the
objective magnetic lens has a significant impact on
the spherical and chromatic aberration coefficients
and the focal length and increases with the increase in
the distance between the poles and lens (S3) achieved
the best results at the acceleration voltage (V,=8kV),
this lens has the lowest values for the focal length
(fo=4.76mm), as well as having the lowest value for
the coefficients of spherical aberration (Cs=4.14mm)
and chromatic aberration (Cc=3.63mm) at
(NI=1000A-t) and final effective electron probe
diameter (5.4mm) as a result we get an objective lens
with better optical properties.
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Human Kidney Stones by Ho:YAG

This study aims at investigating the thermal properties of various kidney stone types
that fragmented by laser. It attempts to understand their behavior during Ho:YAG laser
with maximum power of 30 W. The pulse duration is 600 us, wavelengths is 2100 nm,

and the maximum energy level is 5J with maximum frequency level 30Hz. This is used
for lithotripsy in Al-Sadr Medical City in Najaf for 40 samples divided to 27 calcium
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oxalate, 11 uric acid, 1 cystine, and 1 protein. Optical penetration depth, thermal
diffusion time, temperature rise, and thermal relaxation time have been calculated using
established equations. The Optical penetration depth is varied between 0.165-0.327
mm, the highest value has been recorded in sample p12. The highest temperature levels
are observed in calcium oxalate sample P5 and uric acid sample P14. Temperature rise

019 increases with increasing pulse energy in both calcium oxalate and uric acid stones.
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1. Introduction

Urinary stone disease is still a major problem
throughout the world, and kidney stones are one of
the most common and painful ailments of the urinary
system [1]. Known also as uroliths or the
kidney/ureter/bladder/urethra  calculus,  urinary
calculi are crystalline deposits that develop in the
urinary system [2]. Kidney stone disease affects 50
million persons worldwide and 10% of Americans
[3]. It is noted that the ailment is becoming more
common; during the course of their lives, 7% of
women and 12% of men will be affected [4]. Urinary
tract stones are classified into various categories
based on the materials or crystals that make them up
[1]. Calcium stones are the most prevalent kind of
renal stones, accounting for around 80% of all urinary
calculi [5]. Most kidney stones are composed totally
or partially of CaOx, which can occur as a
monohydrate (COM) or dihydrate (COD) [6-8]. Eight
to ten percent of kidney stones worldwide are uric
acid stones, which are disproportionately common in
obese and insulin-resistant stone formers—two major
markers of metabolic syndrome. Unlike calcium
stone types, urine with a pH of less than 5.5 is the
primary source of uric acid nephrolithiasis. [5,7].
While other forms of kidney stones do exist, they are
less common than uric acid and calcium stones [9,10].
Over the past ten years, advancements in the three
primary components of laser lithotripsy—optical
fiber, ureteroscope, and laser—have made the
operation more widely used in clinical settings. For
nearly two decades, the gold standard for lithotripsy
has been the Holmium:YAG infrared laser, which is
powered by a flashlamp and has a long pulse duration
[11-13]. The Ho:YAG laser's architecture shifts
depending on the power supply used to pump the
crystal. Flashlamp light (usually Xenon or Krypton)
is used to create laser pulses, and when it interacts
with the Holmium ions, it causes them to generate
new photons at a wavelength of 2120 nm [14,15]. The
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delivery of holmium laser energy occurs via a
compact optical fiber, resulting in the fragmentation
of the stone into numerous smaller pieces [4,16].
These fragments can then be extracted individually
using a stone basket. Alternatively, if the stone size is
reduced to 2 mm or smaller, it can traverse the urinary
tract without obstruction and be naturally expelled by
the patient [17]. The tiny, malleable optical fibers
with diameters between 200 and 1000 um are used
[18]. Because of its adaptability, lithotripsy may be
performed anywhere in the upper urinary system,
including during flexible ureteroscopy (FURS) and
flexible nephroscopy [12,19,20]. The photothermal
effect is the first stage of interaction the laser light
with tissue. Tissue can be rapidly heated with a laser
by absorb some of the light, and then their vibrations
and collisions transform some of that energy into
heat. The laser's adjustable settings allow for a range
of thermal effects on tissue. These include
coagulation, evaporation, and selective thermolysis
(heat-induced chemical/cell disintegration) [21,22].

2. Materials and Methods

Forty samples that have been collected from Al-
Sader Medical City in the city of Najaf as shown in
Fig. (1), were fragmented by Ho:YAG laser with a
maximum power of 30 W, pulse duration of 600 us,
wavelengths 2100 nm, the maximum energy level 5J
with maximum frequency level 30Hz. This laser from
Litho company and brand Quanta System Italy with
optical fiber from the REOSABLE company have
been used with a diameter of 550 pm to insert the
laser beams into the ureter and shine the rays on the
stones. The patient is positioned on an exam table and
the urethra is numbed with a local anesthetic. The
laser is passed by the optical fiber through a thin tube
(catheter) that is inserted into the ureter through the
urethra. The laser fragments the stone into small
pieces less than 4 mm that can be passed out of the
body in the urine. A stone sample was taken from
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each patient, its chemical and optical properties were
studied by FTIR-ATR analyzer, and the value of the
optical absorption coefficient was calculated.

NN
; ,!,’.-f %#’,

" ’-". »

P32
Fig. (1) Pictures of different samples

3. Results and Discussion

The results of the FTIR-ATR analyzer show that
the majority of the stone samples have been of the
calcium oxalate type, labeled 27, 11 of the acid type
stones, one sample of cystine, and one sample of
protein. Each stone sample is not completely pure, but
contains different proportions of other types of other
substances, such as uric acid, ammonium urate,
sodium urate, and carbonate apatite. But they can be
considered one species according to the proportion of
its predominant substance. The optical penetration
depth 6 for the highest absorption coefficient (i, (1))

for every stone is calculated by using [23]:
1

§= 1)
Ha (1)

Asnoticed in table (1), although it is the same type
asinsamples P1, P6, P7, P12, and P21, the absorption
coefficient differs from one stone to another. This is
due to the difference in absorbance and may be due to
the presence of other percentages of different types of
substances in the stones. What confirms this result is
that the ratios in the P6 and P7 samples are the same.
So, it can be found that the absorbance is the same
and the results are all the same. This applies to all
other samples. It is, also, noted in table (1) that the
highest value of penetration depth is in sample P12
due to its low absorbance, as the penetration depth
ranges between 0.165- 0.327 mm. These results agree
with the results of researches [24-26].

The thermal diffusion time (zry), the temperature
rise (AT (7)) and thermal relaxation time (t,.) are
calculated by equations (2), (3) and (4), respectively.

= @

Trn = o
where «a represent the thermal diffusivity (i.e., a =
0.15 mm?/sec for water at 37°C) [23].
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AT(R) = #2002 e7Hal )

where AT represents differential temperature
increase, p represents the material density, the
densities of COM and COD are 2.17 and 1.96 g/cm?,
respectively [27]. ¢, represents the material specific
heat at constant pressure for calculus is about 1524
J/kg.°C [28], H,, represents the surface fluence, and
is depth [23].

toe =2 @)
Here c is the speed of sound [29].

Figure (2) shows the highest temperature rise in
P5 sample for calcium oxalate stones, while in Fig.
(3), sample P14 has the highest temperature rise for
uric acid stones due to high energy pulse used in
fragmentation and high p, (1) of the sample

compared to other samples.
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Fig. (2) The temperature rise for calcium oxalate stones
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g. (3) The temperature rise for uric acid stones

Ei

Moreover, it is noticed that the temperature rise
increases with increasing the energy of the pulse in
both types of kidney stones, calcium oxalate and uric
acid, as in figures (4) and (5). Where the high
temperature values in the results are normal in the
Ho:YAG laser, as this has been shown in different
studies “Schafer and coworkers investigators
reported a blackbody temperature of 5000°K from the
irradiated calculus” [23,24]. It can be noticed that the
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relaxation time is much less than the pulse duration,
this indicates that the stones absorb the pulse energy
during the pulse duration only and the heat dissipates
quickly.
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Fig. (4) The temperature rise for calcium oxalate stones with
its energy pulse
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Fig. (5) The temperature rise for uric acid stones with its
energy pulse
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4. Conclusions

The key conclusion of the study is that kidney
stone composition and optical properties have a
significant impact on laser lithotripsy outcomes. The
study identifies calcium oxalate as the predominant
stone type (67.5%), followed by uric acid (27.5%),
with rare occurrences of cystine and protein stones.
The variation in absorption coefficient influence laser
interaction even within the same stone type (e.g., P1-
7, P12, P21). While penetration depth varies (0.165-
0.327mm), temperature rise increases with pulse
energy for both calcium oxalate and uric acid stones.
Sample-specific properties like high absorption in
P14 (uric acid) lead to the highest temperature
increases about 2902.03°C. These findings
underscore the importance of pre-operative stone
characterization to determine composition and optical
properties. By understanding the interplay between
stone type, absorption coefficient, and penetration
depth, laser settings can be customized to achieve
optimal fragmentation with minimal collateral
damage.
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Table (1) Thermal coefficients for stones treated by Ho:YAG laser

Samples Stone Type Wavelength (mm) | g, () (mm?) | & (mm) | 774 (sec) | AT(2) (°C) | t,, *10% (sec)
P1 calcium oxalate 0.3220 3.9658 0.2522 0.0318 1774.94 0.0556
P2 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500
P3 calcium oxalate 0.3185 5.0007 0.2000 0.0200 1394 .45 0.0441
P4 calcium oxalate 0.3199 44377 0.2253 0.0254 1789.83 0.0497
P5 calcium oxalate 0.3182 3.6867 0.2712 0.0368 283747 0.0598
P6 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1431.97 0.0451
P7 calcium oxalate 0.3201 4.8895 0.2045 0.0209 2147.96 0.0451
P8 calcium oxalate 0.3201 4.8895 0.2045 0.0209 2147.96 0.0451
P9 uric acid 0.3342 4.9529 0.2019 0.0204 1546.87 0.0582
P10 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500
P11 protein 0.3271 34492 0.2899 0.0420 1205.45 -
P12 calcium oxalate 0.3208 3.0498 0.3279 0.0538 1977.02 0.0723
P13 calcium oxalate 0.3209 3.0829 0.3244 0.0526 1512.86 0.0715
P14 uric acid 0.3278 4.8432 0.2065 0.0213 2902.03 0.0595
P15 uric acid 0.3278 4.8432 0.2065 0.0213 2321.62 0.0595
P16 calcium oxalate 0.3187 4.1508 0.2409 0.0290 1378.14 0.0531
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P17 calcium oxalate 0.3201 4.8895 0.2045 0.0209 2684.94 0.0451
P18 calcium oxalate 0.3308 5.0289 0.1989 0.0198 1574.74 0.0438
P19 uric acid 0.3278 4.8432 0.2065 0.0213 1934.68 0.0595
P20 uric acid 0.3342 4.9529 0.2019 0.0204 1546.87 0.0582
P21 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500
P22 calcium oxalate 0.3223 4.9803 0.2008 0.0202 1746.62 0.0443
P23 calcium oxalate 0.3286 5.1006 0.1961 0.0192 220447 0.0432
P24 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1431.97 0.0451
P25 uric acid 0.3308 5.8319 0.1715 0.0147 1448.98 0.0494
P26 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1789.96 0.0451
P27 uric acid 0.3333 5.8831 0.1700 0.0144 1799.26 0.0490
P28 calcium oxalate 0.3212 3.7259 0.2684 0.0360 1598.11 0.0592
P29 uric acid 0.3278 4.8432 0.2065 0.0213 1547.75 0.0595
P30 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1431.97 0.0451
P31 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500
P32 cystine 0.2752 5.7747 0.1732 0.0150 1736.87 0.0372
P33 calcium oxalate 0.3308 5.0289 0.1989 0.0198 1574.74 0.0438
P34 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500
P35 calcium oxalate 0.3201 4.6222 0.2163 0.0234 1069.73 0.0477
P36 uric acid 0.3315 5.4861 0.1823 0.0166 1512.05 0.0525
P37 calcium oxalate 0.3330 6.0347 0.1657 0.0137 1195.11 0.0365
P38 uric acid 0.3333 5.8831 0.1700 0.0144 1799.26 0.0490
P39 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1789.96 0.0451
P40 uric acid 0.3278 4.8432 0.2065 0.0213 1934.68 0.0595
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Cadmium telluride (CdTe) nanocrystals (NCs) have gained the interest of researchers as an
electrode material in hybrid light emitting devices (HLEDs) due to their potential high ability.

Science, In this study, CdTe nanocrystals were synthesized applying a 600 mJ Nd: YAG laser with

Baghdad, IRAQ

150 pulses to create a light emitting device consisting of ITO/CdTe/TPD/Ni. The spectra of

CdTe NCs have been measured using UV-VIS and photoluminescence. The energy gap
(Eg) within cadmium telluride (CdTe) NCs described as the (PL) spectrum has been
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determined to be around 3.6 eV. Cadmium telluride (CdTe) NCs developed via laser ablation
improve the performance of the HLEDs by enhancing the carrier's charge mobility and, as
an additional reward, by increasing recombination reactions inside cadmium telluride (CdTe)
NCs with TPD organic polymer. In addition to illumination at 3V, current-voltage (I-V)
requirements determine the appropriate environment and formation.
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1. Introduction

The generation of electrical power from
photovoltaic  light conversion is gradually
increasing. This may be ascribed to the development
of novel renewable energy materials and low-cost
production systems, which has resulted in a
decrease in the cost of a watt-hour generated by
photovoltaic  means.  Using  polycrystalline
semiconductor thin films is an intriguing approach
to lower the cost of photovoltaic cells [1]. The
covers of batteries are made up of several
semiconductor and conductive organic polymer
layers, including the absorber or active material.
Cadmium tellurium (CdTe), silicon (Si), gallium
arsenide (GaAs), N, N'-Bis(3-methylphenyl)-N,N’-
diphenylbenzidine (TPD), and poly(3,4-
ethylenedioxythiophene)  polystyrene  sulfonate
(PEDOT:PSS) [1,2] are now used in the industrial
fabrication of high-efficiency light emitting devices
[2].

For many vyears, researchers have been
interested in the cadmium telluride (CdTe)
semiconductor, which belongs to the 11-VI family
owing to their suitable band gaps and high
absorption coefficients. Cadmium telluride (CdTe)
has mostly been investigated in the last ten years as
a polycrystalline thin film and as a nanocrystal [3],
and a cadmium telluride (CdTe) has been identified
as an interesting thin-film HLEDs material. It has
been created as a thin film using laser ablation,
electrodeposition, and spray pyrolysis, and it has
mostly been employed as the absorber material of
thin-film photovoltaic [3,4]. Recent cadmium
telluride (CdTe) deposition techniques are based on
dispersing cadmium telluride (CdTe) nanocrystals
in water or organic solvents [4-6] and transforming
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them into cadmium telluride (CdTe) thin films
utilizing simple and inexpensive deposition
processes such as dip-coating or spin-coating and an
annealing procedure. Many approaches have lately
been studied in order to overcome the limitations of
cadmium telluride (CdTe) nanocrystals-based
cathode [5,6]. Furthermore, when already realized
on a combination (CdTe nanocrystals and TPD
organic polymer), all of these components should be
as large as possible in order to set up a technique. A
standard approach to generate transparent devices,
as proved in nanocrystals and organic
semiconductors, is working to components with low
contrast sensitivity and high absorbance [6,7].
However, nanostructured cadmium telluride (CdTe)
with a high surface area promotes electrolyte side
reactions, resulting in irreversible capacity loss
during the first cycle. Furthermore, this method is
insufficient to increase cadmium telluride (CdTe)
high electric conductivity altogether. To further
overcome the constraints of the cadmium telluride
(CdTe) cathode, nanostructured materials might be
blended with a highly conductive and elastic matrix
to form a nanocomposite structure [8,9]. One of the
most important problems in this work is controlling
the thickness of the layers while depositing them on
the indium tin oxide (ITO) glass substrate. As the
thickness of the layer’s increases, it causes a
disconnection in the electrical current passing
through the device. Therefore, the deposition of the
layers must be controlled, and the best solution for
this is to deposit the layers separately from the
others in a way chemical spraying and drying in
oven. Laser ablation synthesis (LAS) in solution is
a physical approach that may be used instead of
chemicals. Typically, the methods most often
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employed for the creation of nanoparticles involve
the use of toxic substances as indicators as well as
reducing or stability agents [9]. In addition, LAS has
a low environmental effect since it does not require
any preparations or reducing chemicals and may
produce high purity colloids while producing no
toxic waste [10]. Laser-ablation synthesis
techniques have emerged as an effective and
adjustable technique for nanomaterials synthesis [8-
10], demonstrating the ability to be used for the
synthesis of nanostructures using several starting
materials in a variety of liquid environment.

In the current assignment, a simple sustainable
synthesis method for reconstructing colloidal
cadmium telluride (CdTe) nanocrystals are used by
laser ablation deposition with a TPD layer on the ITO
surface to fabricate cadmium telluride (CdTe) hybrid
light-emitting devices (CdTe-HLEDs), as well as to
study the effectiveness of the resulting CdTe-HLEDs.
The electrolayer that adds cadmium telluride (CdTe)
nanocrystals to the surface of the TPD substrate
allows more surface area to increase, demonstrates
high specific capacity, great cycle stability, and
distinguished rate performance. These features make
cadmium telluride (CdTe) nanocrystals a remarkable
fitting as emissive material in CdTe-HLEDs. Also
makes the HLEDs environment friendly for the better
reversible performance of the light emitting device
environment.

2. Experimental Part

All of the main compounds were purchased from
Fluka Company, which were employed without
further purification. In the beginning 0.8 g of
cadmium chloride (CdCl;) and 0.3 g of sodium
telluride (Na,Te) were dissolved in 40 ml of
deionized water. The Nd: YAG laser operating at
(1064 nm) with energy up to 600 mJ/pulse was used
to synthesis cadmium telluride (CdTe) nanocrystals
(see Fig. 1).

Lens (5 cm)

(
CdCl; + Na;HTe

Formation of CdTe NCs

1 Nd: YAG Laser

Fig. (1) Laser ablation technique used for prepare of cadmium
telluride (CdTe) nanocrystals colloidal

The laser beams of a focal length of 20 cm focused
on the mixed solution from a lens distance of 5 cm. A
container was formed for generating homogenous
nanocrystals and stirred for 2 hours before passing the
nanocrystals solution with an increased pulse number
of 150 pulses, allowing the color of the cadmium
telluride (CdTe) nanocrystals solution change to light
green. The cadmium telluride (CdTe) nanocrystals
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were then cleaned five times with deionized water
before being completely vacuum packed.

The hybrid light emitting device was developed
applying two layers of cadmium telluride (CdTe)
nanocrystals and TPD. organic polymer provided by
Sigma-Aldrich Chemie GmbH. Organic polymer
coating dissolving 40 mg/ml in ethanol and injection
by syringe on ITO glass substrate using covered
spinning at 2000 r.p.m. in around 10 second for
separate covered polymers. To avoid crashes, the first
layer was 0.2 wt% cadmium telluride (CdTe)
nanocrystals in the cover, the second layer was
always layer TPD conductive polymer. Immediately
after coating in a 40 °C oven for 10 minutes, the
coating on each cover dries away. The thicknesses of
the films have been measured by interference method
(Tolansky method of thin film thickness
measurement) while the thickness of TPD layer
appear to be 30 nm, while a cadmium telluride (CdTe)
nanocrystals cover appears to be 10 nm thick. Next
that, a nickel (Ni) cathode is coated in system layer.
Hybrid light emitting devices that process cadmium
telluride (CdTe) nanocrystals covering TPD may
increase the transport rates of cadmium telluride
(CdTe) and TPD ions in HLEDs in response to light
emitting device operations.

3. Results and discussion

Figures (2) and (3) illustrate the absorption and
photoluminescence spectra of cadmium telluride
(CdTe) nanocrystals at room temperature. The
absorption spectrum in the UV-visible region of high-
level cadmium telluride (CdTe) nanocrystals is
shown. These findings have been obtained in an
adequate setting when compared to the absorption
spectra of previous studies [11-13].

1
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Fig. (2) Absorption spectrum of cadmium telluride (CdTe)
nanocrystals
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Fig. (3) Photoluminescence spectrum of cadmium telluride
(CdTe) nanocrystals

Figure (3) exhibits the photoluminescence of
cadmium telluride (CdTe) nanocrystals, which
suggests that a specific energy band conduction
occurs at 530 nm. Excessive fluorescence occurs as a
result of the emission of the near-band edge of
cadmium telluride (CdTe) nanocrystals, with
additional highlights at 460 and 620 nm caused by
free excitons recombination. These broad emissions
are linked to deep-level leaks, which can be caused
by defects in structure [12]. According to that
circumstance, the presence of the relevant defect
identified as a beyond observer, an emission
associated with nanocrystalline defects cadmium
telluride (CdTe) nanocrystals might be due to Cd or
Te vacant seats [14-18]. The energy-gap in cadmium
telluride (CdTe) nanocrystals must have been
established formulated at essentially 3.6 eV.

As shown in Fig. (4), the surface morphology of
the grown cadmium telluride (CdTe) nanocrystals has
been imaged using SEM at 50 KX magnification. The
nanocrystals covering's SEM properties serve as an
acceptable notice for the formation of cadmium
telluride (CdTe) nanocrystals. The average grain size
was found to be around 10 nm Figure 4 depicts
spherical morphology with low aggregation of
nanocrystals generated at 100 nm scale.

The electrically charged cadmium telluride
(CdTe) nanocrystals that perform in Hall Effect
assignments of magnitude are described. Developed
and introduced a semiconductor electrical
characterization technique called differential Hall
effect metrology (DHEM). HEM provides depth
profiles of critical electrical properties through
semiconductor layers at nanometer-level depth
resolution. HEM is based on the differential Hall
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effect (DHE) method, which makes successive sheet
resistance and mobility measurements on a layer
using Hall effect and Van der Pauw techniques as the
thickness of the layer is reduced through successive
processing steps, typically involving chemical or
electrochemical etching or oxidation. The data
obtained as a function of thickness removed can then
be used to determine the depth profiles of carrier
concentration, resistivity and mobility. Thin films
with thicknesses of 10, 20, and 30nm exhibit
semiconductor activity and n-type conductivity.
Table (1) summarizes the Hall Effect.

X50000 WD EU0mm

100nm

Fig. (4) Scanning electron microscope (SEM) image of the
cadmium telluride (CdTe) nanocrystals prepared in this work

Table (1) Overview of cadmium telluride (CdTe) nanocrystals
Hall Effect measurements with varying thickness

. - . Hall

Thickness | Conductivity | Mobility s
Sample | m) @cm)t | (cmelVs) c‘(’c"g‘,’j('g"'
10 2.56 48.5 -1.23x108
CdTe 20 1.48 16 -1.27x108
30 1.34 13.5 -1.31x108

When compared to other cadmium telluride
(CdTe) nanocrystals thicknesses, it was suggested
that cadmium telluride (CdTe) nanocrystals had
strong conductivity at 10 nm thickness. In addition,
the mobility of cadmium telluride (CdTe)
nanocrystals at 10 nm thickness is greater than that of
cadmium telluride (CdTe) nanocrystals at 20 and 30
nm thicknesses, implying that the cadmium telluride
(CdTe) are impacted by a decrease in the resistance
of the cadmium telluride (CdTe) nanocrystals, which
suggests that, amid substantial increases in the
nanocrystals, the growth of recombination extremely
emerged a cadmium telluride (CdTe) battery device
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and induced charges, which governed. In the light of
the improved electron confinement in cadmium
telluride (CdTe) nanocrystals, mobility in a carrier
increases as dimensions’ decrease.

This feature separates batteries from commercial
batteries, which operate at higher voltages and have
lower efficiency [19,20]. Figure (5) explains the I-V
combinations of the CdTe-HLEDs achieved with the
ITO/CdTe/TPD/Ni performance. The figure shows
the capacity to rearrange with a general conversion
voltage of 3 voltage bias and a current of just under
0.01-0.44 mA.

0.5

0.4

o
w
1

Current (mA)

o
N
1

0.1 1

0 T T T T T T T
0 2 4 6 8 10 12 14 16

Voltage (V)

Fig. (5) I-V characters of the ITO/CdTe/TPD/Ni HLEDs

A hybrid light emitting device product performed
current-voltage reveals an overall increase
concerning current induced beside a decrease during
the depletion-edge layer's size. The propagation band
barrier will decrease in the forward bias owing to
dramatic increase dispersion of ions (CdTe and TPD)
inside the valence and conduction band [20]. Because
allowed towards charge besides discharging
processes shifted significantly across one cycle to
another remained when the stream is steady for the
duration of the cycle [21,22]. The number of charging
and discharging cycles that a CdTe-HLEDs may go
through before it stops operating is referred to as its
life-cycle. The discharge depth has a significant
impact on the life of CdTe-HLEDs. The depths of
discharge describe how much of a battery's storage is
consumed. As a result of the rechargeable batteries
provide ions (TPD) to (cadmium telluride (CdTe)
nanocrystals) owing to system discharges,
recombination would increase the forward bias's
current flow [23]. At this point, these processes
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emerge as a result of multiple techniques that
influence the production of batteries.

One particular technique stands out, as it does not
seem to be directly controlled by another synthesis.
Insufficient results have an influence on success, as is
shown in a band gap the semi-conductors that is
operating even more devices for generating current
[22-24]. These devices in the gap charge domain can
be classified as surface imperfections, barrier
annealing, output recombination, and boundary
configurations [24]. Figure (6) illustrates a view of an
ITO/CdTe/TPD/Ni displays the light emitted by this
component.

F

Fig. (6) (a) A picture of the ITO/CdTe/TPD/Ni HLEDs (b)
Light illumination produced by ITO/CdTe/TPD/Ni HLEDs

(b)

4. Conclusion

In summary, composition analysis confirms of the
controlled size of cadmium telluride (CdTe)
nanocrystals using laser ablation technique, which
has been highly useful because the size reduced as the
number of laser pulses increased. Cadmium telluride
(CdTe) nanocrystals raised more the ability of the
HLEDs by improving the carrier’s charge mobility as
well as the interactions between cadmium telluride
(CdTe) nanocrystals and TPD organic conductive
polymer. The (I-V) characteristics are completely
matched with the needed voltage, which produces
critical features for the functioning of the light
emitting  system. A progressive interaction
development in the HLEDs including cadmium
telluride (CdTe) nanocrystals and TPD organic
polymer ions may give forward current flow bias in
order to use a few volts and create positive effects for
light output.
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Surface Characteristics and
Corrosion Behavior Assessment
of RF-Sputtered PEKK on Titanium

In this study, radiofrequency magnetron sputtering technique (RFMS) was used to
coat the titanium with polymer Polyetherketoneketone (PEKK). The corrosion
behavior was tested by the electrochemical test in Hank’s solution, the corrosion rate
was studied by the polarization test. Furthermore, to investigate the phases of the
tested samples XRD technique was performed. The titanium samples coated with
polymer were compared to untreated titanium and titanium treated by fiber laser
followed by PEKK coated samples.
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powered by scimagajr com

1. Introduction

Dental implants remain one of the most
demanding options for tooth replacement in the last
few decades. Thus, attention should be drawn toward
maintaining the restoration in optimal shape and
quality to minimize the risk of implant failure such as
mobility, and inflammation [1]. Since, the oral
environment and body fluids contain complex
materials such as organic material, protein, amino
acids, chlorine, and so on. Thus, corrosion and ion
release are possible complications of implanting
titanium into the human body. This could lead to
biological complications such as inflammation,
toxicity, and hypersensitivity [2-4].

Accelerating the rate of bone formation, and
shortening the healing time, are significant factors for
the success of dental implants. Thus, various attempts
have been made to change the properties of implant
surface morphology and composition [5-8]. In
particular, the topography of the implant surface
gained wide attention, as it plays a major role in
implant success [9].

Coating with thin film is considered an effective
method for metal protection. Various methods of film
deposition were developed despite several
restrictions that may accompany the process. Physical
vapor deposition (PVD) is a widely used technique
such as magnetron sputtering deposition with film
deposition ranging from a few millimeters to several
micrometers [10]. Introducing the magnetic field
becomes an extensive method since it can be used
with a vast range of substrates of different sizes.
Ceramics, polymers, ionic and metallic materials can
be deposited using the RFMS method [11,12]. RF
sputtering is known as ‘green technology’ because of
the absence of (gas and liquid precursors) compared
with plasma chemical vapor deposition (CVD). It
permits a uniform distribution and directional
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deposition of the nanoparticles (NPs,) in addition,
pattern surface structure can be obtained, and the
deposition of nanoparticles on any substrate is
possible in conditions that it tolerate high vacuum
conditions [13].

Polyetherketoneketone (PEKK) is a new polymer
material with superior physical and mechanical
properties. It has gained good attention in the
biomedical field because of'its’ valuable features such
as being highly resistant to thermo-oxidative
degradation, light weight, anti-bacterial properties,
resisting hydrolysis, highly biocompatible, and high
mechanical strength [14]. The presence of an extra
ketone ring gives better properties compared to the
other polyaryletherketone polymers group [15].
Earlier research used different polymers for metal
coating [16,17] but, the authors found no previous
work on the use of PEKK as a polymeric coating
material on titanium using RFMS technique.

Due to the unique features of laser, such as
specific patterns that can be obtained even with
sophisticated parts due to the directional pattern of the
laser beam that can be highly controlled. It became an
effective method to improve the properties of
titanium [18].

This study aimed to assess the efficacy of RFMS
in polymer coating (with or without laser surface
treatment) to minimize the corrosion rate of titanium
when immersed in Hank’s solution.

2. Experimental Part

Disc shape samples were fabricated by cutting the
titanium rod with a wire cut (Lathe machine)
according to the manufacturer's instructions,
measured 7 mm in diameter and a thickness of 2 mm.
A- For untreated substrates: titanium samples were

polished with silicon carbide paper starting from

500 to 2400 grit to grind and bring the disks to a
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uniform smooth mirror surface using a rotated

grinding and polishing machine.

B- For laser-treated substrates: roughening of
titanium surface will be built up by CNC fiber
laser machine (Jinan JinQiang 20W laser, China)
by prompting dot structure. Dot laser structure
design with 25 laser scan (D-L 25) [19]

Then, the substrate was cleaned using an
ultrasonic bath immersed in absolute ethanol for 30
min and then dried in air. A custom stainless steel
plate holder is designed to hold the circular substrates
in the vacuum chamber during sputtering to ensure
uniformity of the coating,

The target was made by mixing 16 g of PEEK
powder with a few drops of polyvinyl alcohol (PVA)
as a binder. Then the mixture was loaded and pressed
in a cylindrical stainless-steel mold with the
dimension of 50 mm in diameter and 3 mm in height,
the pressing was done under 8 tons pressure for 2 min.
The electrical press was used, to obtain a uniform
target and to avoid target fracture. A copper cover to
protect the target from cracks was used.

Several sputtering trials were conducted in a pilot
study to determine the suitable sputtering parameters
for optimal coating deposition. A magnetron
sputtering device (Torr International Inc., USA) was
used with different variables, for the magnetron
power, working pressure, substrate temperature, and
the time of the sputtering. Whereas only target-to-
substrate distance was fixed, three sputtering intervals
(runs) were performed. The working conditions are
summarized in table (1).

Table (1) Different parameters for coating metal by
radiofrequency magnetron sputtering technique

s Power | Pressure L Time_c_:f
ample W) (Torr) Temperature Depo_smon
(°6) (min)
A 50 3x102 60 180
50 3x102 60 120
c 50 3x102 60 60

The results of the pilot showed that A and B
samples the PEKK target became black after the RF
sputtering which indicated the damage of polymer
during the sputtering process while no damage was
seen in group C. Thus, one hour exposure was
considered as a suitable time for confirming the
sputtering process. A thin film of PEKK was obtained
after fixing the substrate temperature at 60°C and the
working PF with 50W power for one hour.

The sputtering target of the PEKK disk was 50mm
in diameter and 4mm in thickness and was attached
to the anode (positive charge) of the system. The
substrate (titanium) was attached to the cathode
(negative charge) with a rotating disk, and a
magnetron power of 50W was applied to the target.
The substrates were heated gradually; the temperature
was fixed at 60°C for one hour according to the pilot
study. During the sputtering process, water passes
through the system, and the procedure was performed

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

Vol. 20, No. 2B, May 2024, pp. 429-433

under a vacuum of 3x102 torr. To achieve this
vacuum pressure first, the mechanical pressure
worked until the pressure reached the operating
pressure (rotary pressure) of the turbomolecular
pump (5x107 torr) the chamber was then evacuated
to a high vacuum at ~10 torr. Then the substrates
were moved in a rotary direction at 2 rpm during the
deposition; with a steady rotary speed. The operation
frequency of the RF-generator and the distance
between the substrate and magnetron target were
fixed to 10cm. The sputtering chamber was evacuated
and the argon was introduced as a sputter gas.

The specimens were grouped according to the
type of surface treatment.

1. CG represents the Control group.

2. L-ArG represents laser-treated group coated with
PEKK using Argon gas by RFMS technique.

3. ArG represents a group coated with PEKK using
Argon gas by RFMS technique without laser
treatment.

Then all the groups were measured using XRD
and Electrochemical test.

An automated x-ray diffractometer was employed
for phase characterization using Cu-Ko radiation
(A=1.5406A). The operation was done at 40 mA and
40 KkV. Ambient laboratory temperature using
10s/angular step (1 angular step = 0.02°) was used for
taking diffraction patterns.

Metal  corrosion  resistance is  usually
characterized by the corrosion rate that can be
achieved using the polarization technique.
Polarization test is one of the measurements of
corrosion rate. The polarization means no
(equilibrium potential) is obtained but can be
obtained through open circuit potential (OCP). Three
electrodes were connected to the corrosion cell which
are (reference electrode, auxiliary electrode, and
working electrode). The difference potential between
(working and reference) electrodes represents the
corrosion behavior of titanium. A freshly prepared
Hank’s solution at 37+2°C was prepared for each
measurement to simulate normal biological
conditions.

3. Results and Discussion

The high demand for dental implants brings
challenges to researchers to provide restorations with
optimum outcomes by minimizing the rate of failure.
To achieve this, modification and coating the metal
surfaces is an interesting choice for improving the
properties of the materials such as corrosion
resistance, biocompatibility, and scratch resistance
[20-23].

Various polymers were introduced as effective
coating materials, but the selection of PEKK as a
protective barrier depends on its wide satisfying
features which render it a good candidate for the
present work. The coating technique is another
challenge because of the wide range of methods
available, but RFMS being a ‘green technology’ in
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addition to the ability to deposit a wide range of
materials with various particle sizes [24] proved to be
an effective method of coating.

The XRD patterns for all measured groups are
seen in Fig. (1). The peak indexing of the titanium
was carried out based on the Joint Committee on
Powder Diffraction Standards (JCPDS) (JCPDS-
ICDD file 55-0898) [25].
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Fig. (1) XRD analysis for the experimental groups

The XRD result showed that the titanium phase
remained constant after surface laser treatment.
Signifying no change in the titanium phase was
observed, which is important when dealing with the
titanium. The new peaks of TiO observed beside the
Ti after laser structuring are due to the titanium air
interaction during the surface structuring. Whereas
the XRD pattern of the control group showed only
titanium peaks as no other peaks were observed. New
titanium oxide peaks were seen at 37.65° and 43.45°
according to the diffraction plane of (002) and (200)
which revealed an increase in oxygen percentage in
L-ArG.

The new coat of PEKK on L-ArG and ArG
showed diffraction peaks at 18.70°, 20.80°, 22.90°
and 28.90°, which correspond to the diffraction
planes of (110), (111), (200) and (211) based on
Leiner [26].

The process of corrosion is known as an
electrochemical behavior of metals, so the electrical
method is an acceptable tool of measurement. The
titanium behavior of the experimental groups is seen
in the open circuit potential (OCP) curve (Fig. 2),
where the PEKK-coated groups showed a shift
toward positive values with time, whereas CG moved
toward negative values. Table (2) presents the (Icor,
Ecorr, @and corrosion rate), where a slight decrease in
(lcorr) value in ArG group followed by a gradual
decrease in L-ArG. The improvement of corrosion
resistance in L-ArG can be ascribed to the strong
boundaries among the metal grains and the increase
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in the homogeneity which is due to the refinement of
the grain size that improved the titanium oxide layer
formation [27]. A study conducted by Tian et al
explained the increase in corrosion resistance after
laser treatment due to the formation of a new titanium
oxide layer [28].

CG
—L-AG
—AIG

0.2 4

-0.3

0.4

Potential (V)

0.5

'07 T T T T T T T
0 200 400 600 800 1000 1200

Time (S)

Fig. (2) Open-circuit potential for the experimental groups

Table (2) Different parameters of corrosion behavior for all
the experimental groups

Group I Egi=0) (V) I lcorrosion (A/cm?) | Corr. Rate (mmly)

CG -0.485 2.032x10% 0.1651
ArG -0.332 3.677x10% 0.1480
L-ArG | -0.305 9.424x107 0.0398

From our previous work, an increase in surface
roughness after the modification of the titanium
surface by laser was found [19]. At the same time,
other studies related the decrease in corrosion rate
after laser treatment was due to the increase in surface
roughness and the formation of titanium oxide layer
[25,27,29]. Conradi explained the decrease in
corrosion after laser treatment was ascribed to the
increase in surface roughness which slightly turned
the surface properties from hydrophilic to a more
hydrophobic nature. This feature will repel liquids
from adhering to metal and improve the titanium's
properties [30].

The presence of a PEKK layer on the titanium
surface clearly showed the shifting of anodic and
cathodic curves to more positive Ecor values as
presented in Fig. (3) of the Tafel plot. This behavior
explains the decrease in corrosion rate, because the
PEKK coat may retard the process of anodic
dissolution. The presence of a PEKK coat acts as a
barrier permitting minimum electrolyte to pass
through and inhibits the ionic conduct which will
impede the passage of solutions that inhibit corrosion
[31].

The decrease of leor value for ArG and L-ArG
explains the efficiency of the PEKK coat by RFMS
method since this technique permits a longer distance
for the generated electrons to move for every half
cycle. This will generate plasma of high density
which enhances the sputtering process efficiency
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[24]. In other words, permitting an even dense coat
formation that resists cracks which prohibits seepage
of fluids thus increasing corrosion resistance.
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Fig. (3) Tafel plot for the experimental groups

Several authors demonstrated the importance of
surface treatment before bonding to create a good
mechanical interlock [32]. Good adhesion promotes
corrosion resistance by enhancing the coat integrity.
Thus, the formation of small metal projections after
laser treatment will provide a better bond between the
metal and polymer, consequently minimizing the risk
of external forces and corrosion attacks [33]. This
explains the lowest value of corrosion rate in L-ArG
compared to the other experimental groups. The
result agrees with an earlier study that found an
improvement in the metal/polymer interface after
surface laser treatment, increasing resistance against
degradation and humidity [34].

4. Conclusion

RF magnetron sputtering proved to be an effective
method to coat the titanium with polymer (PEKK), a
decrease in corrosion rate showed the efficacy of the
polymer coat. XRD analysis verifies the results by the
formation of new peaks of PEKK. The laser surface
treatment of the titanium before PEKK coating
enhances the polymer adhesion to the metal, therefore
it prevents the electrolytes from reaching the metal.
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Design of Einzel Electrostatic
Lenses Using Inverse Schiske’s

This paper examines the computational design of an electrostatic Einzel lens utilizing
the inverse Schiske's model with certain magnification conditions. The electrostatic
lens potential distribution has been characterized by an analytical function referred to
as the inverse Schiske model. By solving the paraxial ray equation with the Runge-
Kutta technique of fourth order, the charged particle beam trajectory and its
derivatives via the lens have been determined. One can determine the proposed
electrostatic lens optical properties, for instance, magnification, focal properties,
and aberrations (spherical and chromatic), from knowing the axial potential

distributions of the Einzel lens' and its first and second derivatives, as well as the
beam trajectory and its derivatives. Based on our findings, we can infer that the
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constant k substantially affects the aberration values, with the best results happening
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form of the suggested lens' electrodes is calculated.
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1. Introduction

Einzel lenses are distinguished by having constant
potential U1=U3 on both the object and image sides,
whereas the center electrode has a separate potential
U2. Consequently, they are utilized when simply
focusing is necessary. Nevertheless, the energy of the
beam needs to be conserved. Einzel lenses are
symmetrical cylinder electrodes, where the lens's
center for both foci. Consequently, they are
commonly known as symmetrical round lenses [1].
Due to their adaptability and the fast development of
contemporary instrumentation, Einzel lenses are
finding growing usage in various scientific and
technological fields [2-7].

The current work aimsto discover a more
straightforward expression to represent the potential
axial distribution of the Einzel lens with bearable
aberrations. The inverse Schiske's recommended
model [8] has been used to illustrate the Einzel lens's
potential field distribution as follows:

U(z) = ——— @
Vo(l——"—=)
1+(Z)

Equation (1) may reflect the accelerator mode
potential distribution along an Einzel lens' optical
axis, where z is the lens optical axis, and (a, k, and Vo)
are parameters by which the shape and symmetry of
the lens and the value of the voltage inside the lens
can be controlled. A non-relativistic electron beam
traveling close to the axis in a symmetrical cylindrical
electrostatic field of a lens system can controlled by
the equations of motion called the paraxial ray
equation [1,9].
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Y (2)

where U' and U" are the axial potential's first and
second derivatives, respectively. The primes signify a
derivative for z, and r denotes beam radial
displacement from the optical axis z

Equation (2) is a linear and homogeneous second-
order differential equation. Knowing the potential
distribution along the z-axis U, you also know the
factors in front of r, r', and r [10]. To calculate the
aberration coefficients, spherical and chromatic, the
following equations are used [11,12].

The electrode shapes are found by using a
synthesis approach where the profiles of the
electrodes correspond to the axial field distribution
found with the aid of the following equation [12,13]:

U(rz 0.5
R=2(v@ - 52) ®)

The Wolfram Mathematica program is used in the
design of the electrostatic einzel lens which is
described in previous research [14].

2. Results and Discussion

An Einzel lens with a center electrode at a higher
voltage than the two outer electrodes is seen in Fig.
(1a) called the axial potential distribution. Away from
the lens terminals, there is a field-free region, i.e.
there is no force acting on the trajectory of the
charged particle beam, that is, a straight line. This
indicates that there is no electric field outside the lens
because the potential distribution U(z) is constant at
the boundaries, and therefore its first derivative U'(z)
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is zero. The lens contains three electrodes since the
potential second derivative U"(z) has two inflection
points [12]. The axial potential distribution U(z) for
the inverse Schiske's electrostatic einzel lens is shown
in Fig. (2a) for different values of V, at constant
(a=0.025, k=0.7), (2b) different values of a, at
constant (Vo=1, k=0.3), and (2c) different values of k
at constant (Vo=1, a=0.025).

040 F
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Fig. (1) (@ Uy, (b)U'y, (©)U",. The axial potential
distribution and its first and second derivatives respectively,
for inverse Schiske’s model electrostatic Einzel lens for
(V,=5V, a=0.025, k=0.7 and L=10mm)

From Fig. (2), one can notice that the values of the
maximum potential decrease as Vo increases when a
and k are constant as shown in Fig. (2a). When
changing values of a when keeping Vo and k are
constants, we notice that the full-width at half
maximum (FWHM) increases with increasing values
of a as shown in Fig. (2b). Also, when increasing
values of k, with constants a and Vo, the values of the
maximum potential decrease as shown in Fig. (2c).
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Fig. (2) The potential field U(z) axial distribution for inverse
Schiske’s electrostatic Einzel lens for (a) different value of V,
at constant (a=0.025, k=0.7) (b) different values of a, at constant
(Vo=1, k=0.3) and (c) different values of k, at constant (V,=1,
a=0.025)

Figures (3a) and (4a) show the electron beam's
course in the electrostatic einzel lens field at zero and
infinite magnification, respectively, at various values
of Vo. Considering that (a and k) are constants. The
trajectory of the electron beams gradient increases as
Vo value increases. At a=0.025 and k=0.2, whereas
the other electron beam paths (various values of Vo)
shifted downward, the electron beams intersect the
lens optical axis.

Figures (3b) and (4b) show the electron beam
trajectory for various values of a; it is seen that the
trajectory beam tends to be straight with the
increasing value of a. As increasing of the constant a,
the trajectory converges until they become constants
for large values of a. Figures (3c) and (4c) show the
electron beam trajectory for constant values (Vo=1V,
a=0.025) and various values of k. It is observed that
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with increasing the values of k, the trajectory shifted
down and got closer to the optical axis z.
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— 0= 1V
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z(mm)
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©
Fig. (3) The trajectories of electron beam for the einzel
electrostatic lens under infinite magnification conditions at
diverse values of (a) Vo, (b) a, and (c) k

iz
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(©
Fig. (4) The trajectories of electron beam for the Einzel
electrostatic lens under zero magnification conditions at
diverse values of (a) Vo, (b) a, and (c) k

s
fi

ui

1.08 1.10 1.18 1.20 1.28 1.20 Uo

Ui

Uo

(b)
Fig. 5 (a) Spherical and (b) Chromatic relative aberrations
coefficients respectively, versus Ui/U, for zero magnification
conditions at a=0.025 and V, =1V

Figure (5) displays the Ui/Uo voltage ratio-
dependent image-side relative spherical and
chromatic aberration coefficients, Cs/fi and C./f;,
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respectively, for the electrostatic Einzel lens
operating at zero magnification at various values of k
(since the voltage ratio changes only with the
changing the constant k). According to this figure, as
k increases, or as the ratio Ui/Ug increases, so do the
relative  spherical and chromatic  aberration
coefficients.

In Fig. (6), the object side Cs/f, and C./f, were
computed for a range of the voltage ratio Ui/U, at
various values of k. Figure (6) shows that C/f, and
C./fo increase with increasing Ui/Uo. From the last to
figures one can concludes that low values of Cd/fo,
C./fo, Csfi and C/f; are achieved at low values of k.

Table (1) shows the image and object side's
relative  chromatic and spherical aberration
coefficients for different values of k at constant
a=0.025 and V=1V, from this table, one may see that
the relative chromatic and spherical aberration
coefficients increase with increasing the values of k
as shown in the figures (5) and (6).

DAEL

D0 -

DOEL

Ui

105 110 115 120 1.25 130 Ua
(b)

Fig. (6) The relative (a) Spherical and (b) Chromatic

aberration coefficients respectively, versus Ui/U, at diverse

values of k under infinite magnification conditions with

a=0.025 and V=1V
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Table (1) The image and object side relative chromatic and
spherical aberration coefficients for diverse values of k

k f Ul | Cofi C.lfi Cilfy Cdlfy
0.1 | 1.000 | 1.010 | 0.075 | 0.0003 | 0.075 | 0.0002
0.2 | 1.004 | 1.040 | 1.243 | 0.0046 | 1.200 | 0.0047
0.3 | 1.026 | 1.090 | 6.582 | 0.0221 | 5.830 | 0.0245
04 | 1.102 | 1.190 | 20.172 | 0.0524 | 9.812 | 0.0762
0.5 | 1.349 | 1.333 | 37.323 | 0.0569 | 4.463 | 0.1650

The electrode shapes are determined using the
synthesis method, i.e., the shape of the electrodes
corresponds to the axial potential distribution was
calculated with the aid of Eq. (5). Figure (7) depicts
the two-dimensional electrostatic forms that represent
the einzel lens. From this figure, we can recognize the
shape of the electrodes by rotating these shapes
around the optical axis with the boor diameter of the
central electrode equal to 2.8 mm.

Fig. (7) The Einzel lens's three-electrodes correspond to the
axial distribution of the constant (Vo=1V and a=0.025, k=0.3
and L=10mm)

3. Conclusion

The current study demonstrates that several types
of electrostatic lenses with tiny aberrations can be
designed and operated at varied potential ratios. It has
been discovered that utilizing the invers Schiske’s
model, which can be utilized to solve the paraxial ray
equation of charged particles, it is possible to create
an Einzel lens with low aberration and the shortest
course of the electron trajectory. The results show that
the aberration coefficient decreases as the constant k
decreases, where the best outcome occurs at the
constant k are equal to 0.1 with constants (Vo=1V,
a=0.025) for lens length equal to 20mm.

References

[1] B. Paszkcwski, “Electron Optics”, Itffe Book
(London, 1968).

[2] R.R.A. Syms, L. Michelutti and M.M. Ahmad,
“Two-dimensional microfabricated electrostatic
einzel lens”, Sens. Actuat. A, 107(3) (2003) 285-
295.

[3] M.H. Rashid, “Simple analytical method to
design electrostatic einzel lens”, Proc. DAE
Symp. on Nucl. Phys., 56 (2011) 1132-1133.

PRINTED IN IRAQ 438



IRAQI JOURNAL OF APPLIED PHYSICS

[4] O. Sise, M. Ulu and M. Dogan, “Multi-element
cylindrical electrostatic lens systems for focusing
and controlling charged particles”, Nucl.
Instrum. Meth. A, 554 (2005) 114-131.

K. Ho-Seob et al., “Arrayed microcolumn
operation with a wafer-scale Einzel lens”,
Microelectron. Eng., 7879 (2005) 55-61.

S.N. Mazhir, “Generated and shifted of lon
beams By Electrostatic Lenses (Einzel lens)”,
Baghdad Sci. J., 12(5) (2015) 814-821.

[71 A.K. Ahmad and B.F. Abd-Alghane, “Design
and analysis of the optical properties
of electrostatic unipotential lens (einzel lens)”, J.
Opt., 52 (2023) 1704-1709.

A. Amer and AK. Ahmad, “Differential
algebraic description for aberrations analysis of
typical electrostatic einzel lens”, Optik, 168
(2018) 112-117.

Grivet, “Electron Opties”, 2" ed., Elsevier Ltd.
(1972).

(5]

(6]

(8]

[0l

Vol. 20, No. 2B, May 2024, pp. 435-439

[10]J. Szep and M. Szilagyi, “A novel approach to
the synthesis of electrostatic lenses with
minimized aberrations”, IEEE Trans. Electron
Dev., 35(7) (1988) 1181-1183.

[11]M. Szilagyi and J. Szepa, “Optimum design of
electrostatic lenses”, J. Vac. Sci. Technol. B, 6(1)
(1988) 953-957.

[12] A.K Ahmad, S.M. Juma and A.A. Al-Tabbakh,
“Computer aided design of an electrostatic FIB
system”, Indian J. Phys., 76B(6) (2002) 711-714.

[13]M. Szilagyi, “Reconstruction of electrodes and
pole pieces from optimized axial field
distributions of electron and ion optical
systems”, Appl. Phys. Lett., 45(5) (1984) 499-
501.

[14] A.K. Ahmad and F.A. Abdularhman, “Design of
Einzel Electrostatic Lenses Using Schiske’s
Model”, AIP Conf. Proc., 2830 (2023) 040012.

~1/2 .
_UO ZJI 5(U”j2+5(u'j4+14(u')3
so 16%4 ol 4l U 24\ U 3 U
JU, 21U’ 1(U” r
C., = ° = r+=— r|—
R e I[Z(U) 4(u j Lu

dz

2

r2

@)

J«Er"’dz

(4)

where C,, and C,, represent the spherical and chromatic aberration, respectively.
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many aromatic molecules the position and the structure of the fluorescence
spectrum are strongly dependent on the solvent. The wavelength displacement
can often be correlated with changes in solvent dielectric constant and the

siRz022 solvent index of refraction. A general review for the effect of the solvent is
019 presented including studying the relationship between energy transfer
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processes and quantum efficiency with different solvent types.
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1. Introduction

The spectral properties of organic molecules are
usually modified in solvation processes, Solvation
refers to the reorientation of solvent molecules around
a solute molecule, an effect which does not take place
in rigid medium [1]. For many aromatic molecules the
position and the structure of the absorption and
fluorescence spectrum are strongly dependent on the
used solvent  properties. The  wavelength
displacement can often be correlated with changes in
solvent dielectric constant and the solvent index of
refraction.  Usually prepared organic molecules
solutions contain very small quantities of dye.
Typical dye concentrations are 10-2 to 10-6 M. For
this reason, the solvent in which the dye is dissolved
plays an important role when defining physical
properties. In moderate to higher polarity solvents the
properties like Stokes’ shifts, fluorescence quantum
yields fluorescence lifetimes, radiative and non-
radiative rate constants follow more or less linear
correlation with the solvent polarity [2,3]. To
determine if a molecule is polar it must be known two
things, the polarity of the bonds in a molecule and
how these bonds are arranged. So the molecule is
considered polar if its center of negative and positive
charge do not coincide this polar molecule have a
dipole but if these dipoles are equally and in opposite
to each other the dipoles cancel-out and the molecule
considered nonpolar. Therefore, solvent polarity
plays an important role in shifting the lasing
wavelength of fluorescence and absorption spectrum
of lasing compounds. In a majority of circumstances,
increasing solvent polarity will shift the gain curve
toward longer wavelength. In the case of more polar
dyes, the shift can be as high as 20-60 nm [3]. Thus
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for many dyes which where use in optical, chemical,
biomedical and technological field we must choose
a suitable solvent coincide with the molecule
properties and take on a count amount of a
shift(increasing or decreasing the frequency) that
including reaching to the required goals.

2. Materials and Methods

The existent theories on the intermolecular
interaction in liquid express the supply of some type
of interaction by different function of solvent
parameters. Hence there are four types of interactions.
The first one concerned the interaction between
permanent dipoles of the solute and solvent. This
contributes to the shift only if both molecules are
polar. If the usual approximation is made, that the
chromophore is a spherical particle of radius d, the
following expression is obtained [1].

2

Av, =v, —vy=D {;—; — ZZ+;} Q)
Here ¢ is the dielectric constant, n is the refractive
index of the solvent, and

d_j {(.Ugolute) (.U;olute cosB — #golute)} (2)
Here ulyuee and .. are magnitude of the
permanent dipole moments of the excited and ground
states of the chromophore, respectively, and B is the
angle between them in the molecule coordinate
system.

Secondly, interaction between the permanent
solute dipole and induced solvent dipole: This term
arises in second-order perturbation- theory treatment.
Its value is zero if the chromophore is nonpolar.
Otherwise, the shift is given by the following
expression [1]
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n%-1
Av, =c {2n2+1} @)
Here
c= % {(#golut)z - (#golut)z} (4)

The third interaction is between induced solute
dipole and permanent solvent dipole: Here, the solute
in a particular electronic state is represented by a
spherical volume of radius d and of electronic
polarizability « that is imbedded in continuum of
dielectric constant € and of refractive index n. In the
limit that the solute is approximately isotropic, the
shift due to this interaction is given by the following
expression 4,

v, = p {2 ) ©)
Here

2(R
p—- " hr@-w|

Here kB is the Boltzmann constant, T the absolute
temperature of the solution, R the radius of the
spherical shell containing the molecule, and «,and
a, are the electronic polarizabilities of the solute in
the ground and excited electronic state, respectively

Finally, the interaction between naturally induced
dipoles of solute and solvent: This interaction is
present whether solvent and solute molecules are
polar or non- polar. McRae found that the shift takes
the following form [5,6]:

n?-1

Av, = A {2n2+1} ™
where A is taken to be a solute, transition-dependent,
parameter which is assumed to be solvent
independent. It has the form [1;
A=- (%) [{(Xiz1 41 (.u;(l)lute)z} -
ZizoAoi (#g(l)lute)z}] (8)
Here u's are to represent the transition dipoles and
A's some weighing factors. In the two cases, when the
solvent and solute are such that one is polar and one
is nonpolar, or if both are nonpolar, the frequency
shifts in absorption and emission are predicted to be
[7.8].

3. Experimental Work

Coumarin 334 dye (denoted as C334) (C17H17NO3)
with molecular weight of 283.33 g/cm?®, Rhodamine
590 dye (denoted as R590) (CzsH31N203Cl) with
molar mass of 479.02 g/mol supplied by Lambda
Physic were used in this work. Also, ethyl alcohol
(C2HsOH), DMSO (C;HsOS C;HgOS) with molar
mass of 78.13 g/mol and Chloroform (CHCI3) with
molecular weight of 119.38 g/mol, were used as
solvents.

The dye solutions were prepared by dissolving
the required amount of the dye in the solvent. The
required weight of the dye was measured using a
Matter balance of 0.1mg sensitivity. This weight
W (in g) was calculated using the following
equation:

W=M,V C/1000 (9)
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where My, is the molecular weight of the dye (g/mol),
V is the volume of the solvent (mL), and C is the dye
concentration

To prepare a dilute solution, the following
equation was used:
Cl V1 = Cz V2 (10)
where C; is the high concentration ,V1 is the volume
before dilution (L), C; is the low concentration, and
V- is the total volume after dilution [I]

4. Results and Discussion

Laser dyes have shown a significant influence
throughout using solvent. The normalized absorption
spectra of C334 and R590 dye solutions are shown in
Fig. (1). A reasonable shift occurs in absorption
spectrum as a result of mutual interaction between
solute and solvent. This shift depends on the nature of
this interaction, the solvent type, and the
concentration of the dye. This figure clarifies the
influence of the solvent on the position of absorption
peaks. The spectra are shifted towards longer
wavelength as the polarity of the solvent increases.
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Fig. (1) Absorption spectra of (a) Coumarin 334 and (b)
Rhodamine 590 in different solvents

Fluorescence spectra of these dyes had also been
affected by solvent polarity, as can be seen in Fig. (2)
and the peak positions are listed in table (1). The
peaks of fluorescence bands are largely red-shifted
when the solvent polarity increases as compared to
absorption bands under the same conditions. This fact
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indicates an increase in dipole moment of excited
state compared to ground state [9]. It can be stated
that the peak at lower wavelength of these spectra is
corresponding to non-aggregated molecules and the
peak at longer wavelength is caused by excimer
emission of aggregated molecules.
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Fig. (2) Fluorescence spectra of (a) Coumarin 334 and (b)
Rhodamine 590 in different solvents

Table (1) Peak wavelengths of absorption and fluorescence
spectra of both dyes in different solvents

Solvent Molecules | Aabs (nM) | Asio (Nnm)
Coumarin 462 520
DMSO Rhodamine 542 574
Methanol Coumarlin 453 508
Rhodamine 534 570
Ethanol Coumarjn 451 506
Rhodamine 530 563
Chioroform Coumarin 442 494
Rhodamine 523 558

Because the transfer of excitation energy between
molecules be an effective and important phenomenon
in extensive application [10], and particularly in the
development of dye laser, the transfer of excitation
energy between C334 and R590 was investigated to
clarify the effect of solvent on this process. Figure (3)
shows the effect of solvent on the efficiency of energy
transfer process.
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Fig. (3) Energy transfer process between Coumarin 334 and
Rhodamine 590 (a) in DMSO, (b) in ethanol, and (c) in
chloroform

There is a clear relation between the solvent
polarity and quantum efficiency [11] and the quantum
efficiency of energy transfer process had been
calculated by the following relation to determine the
optimal solvent for these processes:

E=1-% (11)

$p
Here ¢p and ¢p° are the quantum vyield of donor
fluorescence in the presence and absence of acceptor,
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respectively. The value of E can thus be determined
by experiment. The results were listed in table (2)

Throughout the calculation of quantum yield for
dye solutions in different solvents and different
concentrations, it was found that its value decreases
with increasing the solvent polarity. In DMSO, for
example, the quantum efficiency decreases due to the
high polarity of the solvent, while in ethanol, it was
found that the value of quantum efficiency reaches to
its maximum value. This indicates that the efficiency
of this processes can be improved by using a
particular solvent.

5. Conclusion

The polarity of solvent plays an important role in
shifting lasing wavelength in laser dyes as increasing
the polarity of solvent causes a shift in gain curve
toward longer wavelengths. It is clearly observed that
using ethanol, which has refractive index of about
1.361 (lower than that of DMSO and chloroform), a
homogeneous lasing spectrum is obtained at a low
threshold pump beam intensity. So, this property
makes ethanol one of the best solvents for laser dyes.
Although, using DMSO as a solvent produces lasing
spectrum with higher intensity.
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0.44 78.58 33.52 3348
0.5x 104 05 83.10 38.08 38.04
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Synthesis of Silicon Carbide
Nanostructures from Carbon
Sooted-Silicon Substrates Using
Magnetron Sputtering Technique

In this work, a simple, inexpensive, and fast method to prepared silicon carbide from
formation of carbon soot layer on silicon substrate by air laminar diffusion flames. This
layer was 143 nm in thickness and formed at different exposure times. The carbon soot-
silicon substrate was used to synthesize silicon carbide nanostructures by magnetron
sputtering technique at optimum conditions. The structural characteristics of the
prepared samples were investigated by using x-ray diffraction (XRD), scanning electron
microscopy (SEM), and energy-dispersive x-ray (EDX) spectroscopy. The
spectroscopic characteristics were determined by UV-visible and Fourier-transform
infrared (FTIR) spectroscopy. As the formation of silicon carbide nanostructures was
confirmed, the particle size of the final sample is the minimum found to be around 47.44

019 nm, with an absorption peak around 400 nm and energy band gap of 2.4 eV.
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1. Introduction

Silicon carbide (SiC) is a significant non-oxide
ceramic with distinct properties such as high
temperature, strength, oxidation resistance, high
thermal shock resistance, high hardness and wear
resistance, strong chemical resistance, low thermal
expansion and high thermal conductivity, among
other ceramic types [1-3]. These characteristics make
silicon carbide an ideal contender for the production
of fast, high temperature, and high voltage electrical
device for abrasion and cutting applications.
Furthermore, silicon carbide with present advanced
technologies (e.g., MOSFETS, MEMS, sensors) can
suit many practical applications; such as light-
emitting diodes (LEDs) [4-6]. Silicon carbide
crystallizes into a covalently linked structure that is
tightly packed [7] in which the silicon and carbon
atoms are linked by covalent bonds and produce polar
constructions [6]. Several alternative production
methods for high purity silicon (carbide, oxide,
nitride) have emerged in recent years, including the
carbo-thermal reduction method using binary
systems, chemical vapor deposition (CVD), Acheson
process, sol-gel, and physical vapor deposition (PVD)
techniques such as the dc magnetron sputtering [7-
11]. The latter technique has several benefits over
other methods. First, any material may be deposited
by magnetron sputtering with high adhesion of
deposited films; second, coatings of alloys and
compounds can be sputtering while retaining a
composition identical to the parent material. In
addition; pure and homogenous thin films can be
obtained comfortably [12,13].

In the current work, soot layers were coated by
allowing a flame to go over the silicon surface and
use them as targets in the magnetron sputtering
technique.
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2. Experimental Part

The present work includes two parts: the
production of carbon soot and the synthesis of silicon
carbide nanostructures. The active management of
soot required its production with particular features.
This in turn necessitates a knowledge of physical and
chemical methods; usually adopted to produce soot
from fuel [14]. In most cases, soot is produced by
partial rather than complete combustion. The fuel
ought to be burnt at a lower temperature with a slight
decrease in the oxygen supply [15]. This step is
materialized to form soot in a wide and highly
ventilated laminar diffusion flame by transmitting
fuel through an oxidizer flowing in a cylindrical glass
tube. The reaction area is formed between two
opposing streams of fuel and oxidizer in order to
ensure the entry of small oxygen amounts from the
bottom of the glass tube to realized partial
combustion and soot formation. When the fuel burns,
it disintegrates into fine soot particles which settle as
black powder deposits; shown in Fig. (1a).

High purity silicon wafer (99.99%) was heated on
a burner flame for 2 minutes until a soot layer was
deposited, as illustrated in Fig. (1b). To synthesize
silicon carbide nanostructures, a dc magnetron
sputtering system was utilized; with its stainless steel
electrodes connected to a dc power supply that
provides 150W power (50mA current and 3kV
discharge voltage). The two electrodes were
separated by 4cm, and the carbon soot-coated silicon
wafer; representing the sputtering target, was
mounted on the cathode. Plasma was generated by
discharging an electric current through 0.07 mbar
argon gas; Fig. (2a) shows the prepared sample after
three hours of deposition time. The final samples
were extracted as a powder from the thin film samples
deposited on glass substrates using a conjunctional
freezing-assisted ultrasonic extraction technique [16].
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The final sample was a dark grey powder that is
insoluble in water, alcohol, and acid, as seen in Fig.
(2b).

Silicon wafer
Carbon Soot layer @

Aperture

Glass cover

Flame

Flame controller

Wick
Fuel

.\ |
Carbon Soot layer

Fig. (1) Production of carbon soot layer on a silicon wafer (a) a
silicon wafer is held in the flame for 2 min; (b) a carbon soot
layer deposited on silicon wafer

Fig. (2) The prepared samples (upper) SiC thin films, and
(lower) extracted SiC nanopowder
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3. Results and Discussion

Figure (3) shows the XRD pattern of final sample
prepared after deposition time of 3 hours. Five most
intense peaks are presumably observed on this pattern
at 35.56°, 41.06°, 60.06°, 71.84° and 75.64°
corresponding to lattice planes of (111), (200), (220),
(311) and (222), respectively, according to JCPDS
card no. 29-1129 [17].

(11

_ Intensity (cps) _

(220)

= e

== (200)

1> ez
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.h B / \.._ - -

Theta-2Theta (deg)

Fig. (3) The XRD pattern of SiC sample synthesized in this
work

The diffraction pattern in Fig. (3) primarily
confirms the production of SiC. Whereas each SiC
molecule is a single-crystal grain that forms in a
preferred crystallographic orientation, specifically,
[111], since the (111) plane has the lowest surface
energy of the SiC surface planes [18-21].

In general, the FTIR spectrum in Fig. (4) shows
two peaks of Si-C bonds seen at 619 and 923 cm™,
while the Si-O bond characteristic peaks are seen at
649 and 1045 cm. Furthermore, the peaks observed
at 1012, 1423 and 2400 cm? for the C-O bond
adsorbed from the surrounding environment. Also,
the distinctive peaks seen at 1573 and 3500 cm are
attributed to the stretching vibration bond of the O-H
bonds. Depending on its surroundings, the prepared
sample may differently adsorb water vapor or some
gases [22-25].

2400 cm' <,

1012cm’' =
619 cm' =

923 cm! —=

3500 cm' <

1423 cm™! ==

1573 cm!

a0 00 300 200 200 2000 1800 1600 M0 100 1900 =0 o

«
e

Fig. (4) The FTIR spectrum of the SiC sample synthesized in
this work

Scanning electron microscopy (SEM) was used to
introduce the surface morphology and determine the
particle size of the deposited thin films, as shown in
Fig. (5), which clearly shows that the particles are
evenly dispersed, crack-free, homogenous in size,
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and relatively tiny. The minimum particle size is
about 47.44 nm. The EDX result and elemental
analysis displayed in Fig. (6), validate the structural
purity and stoichiometry of the synthesized SiC. Only
peaks related to Si and C elements were observed.
The origin of the oxygen peak is attributed to the fact
that the prepared sample was exposed to the
environment prior to the EDX test, and oxygen atoms
adsorbed on SiC. As a result, the presence of such a
trace quantity of oxygen in the final sample is
unavoidable but ineffectual. The atomic ratio of
[Si/C] obtained from EDX analysis, as shown in table
(1), is around 1, indicating the formation of a
stoichiometric SiC phase.

Fig. (5) SEM micrograph of the SiC layer grown in this work

e

Element Weight% Atomic %
C 278 46.8
0 22 2.8
Si 69.9 50.3

Fig. (6) EDX result and elemental constitution analysis of the
SiC layer grown in this work

The UV-visible spectrophotometry was used to
record the absorption spectra of carbon soot when
deposited as thin film on silicon substrate with
different exposure times as shown in Fig. (7) and
notice that an increase in the absorption peaks as a
function of the deposition time. This is due to the
increase in the number of atoms sputter from the
target as the deposition time increases, thus
increasing the quantum yield and increasing the
absorption peaks. The absorption is increased with
increasing exposure time of laminar diffusion flames.
Also; the absorption spectrum of SiC, as a final
product (Fig. 8), shows a significant absorption
around the wavelength of 400 nm, while the energy
band gap was determined by using Tauc's formula
[26]:
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ahv = A(hv - Eg)l/z Q)
where « is the absorption coefficient, h is Planck's
constant, A is constant, and Eg is the energy band gap

2
—3min
——4min
16 —5min
812
f=
8
I
3
< 0.8 1
0.4 1
0

280 380 V\fa8\9el ength ?ﬁ&) 680 780
Fig. (7) Absorption spectra of the carbon soot layers prepared
after different exposure times
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Fig. (8) Absorption spectrum of the SiC thin film sample
prepared in this work

InFig. (9), the optical energy band gap of SiC was
determined to be 2.4 eV from the intercept of linear
behavior of drawing the relationship between (akv)Y?
and photon energy incident (4v) and its corresponds
to the structural phase of SiC as a semi-conductor
material.
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Fig. (9) Determination of optical energy band gap of SiC
sample prepared in this work
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4. Conclusion

In summary, the primary goal of this research is
to provide a low-cost synthesis process to produce
SiC nanostructures in two steps; first, production of
carbon soot and deposit it on a silicon wafer, and
second, using the carbon soot-coated silicon wafer is
used a target in sputtering system to synthesize
highly-homogenous nanostructured thin film samples
of SiC, those finally were extracted as a black grey
nano-powders.
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WINMOPAC 7.21 and the MNDO-PM3 software are two semi-experimental theoretical

programs used in this work to analyze the thermal and physical properties of the SilsH
molecule. After adjusting the Si-H bond's length to satisfy the minimal formation energy at

Iragi Journal of Applied

standard temperature (298 K), Reaction characteristics such as electronegativity, molecular

Physics hardness, electronic affinity, and ionization potential — which equaled 6.912779 eV, 3.37808
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eV, 3.534699 eV, and 10.290859 eV — as well as the HOMO-LUMO energy gap were
estimated in order to better understand the nature and reactivity of the molecule. Furthermore,
an estimate of the molecule's thermal properties was made.
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1. Introduction

Due to their wide range of uses, semiconductor
halide compounds are very important from a
scientific and industrial standpoint. This has piqued
scientists' interest in both theoretical and practical
research on these compounds' features. Triiodosilane
is a nonlinear silicon halide molecule that is
significant because it can be used to deposit silicon
atomic layers on a variety of microelectronic device
structures. [1]. The molecule has nine vibrational
modes, all of which are in the far- and mid-infrared
spectrum [2,3]. In this study, the MNDO/PPM3
method was used with the WINMOPAC 7.21
program to calculate and study the thermal properties
and some physical properties of the SiHI; molecule.

The theoretical treatment of molecular spectra for
the calculation of thermodynamic properties and
balanced geometry (obtaining the best balanced and
stable shape of the molecule) and the energy of the
molecular levels of the compounds was greatly
impacted by the rapid development of software and
the incredible speed at which computers could
perform calculations. These methods and software
were developed using the Schrodinger equation and
approximations of its solutions, and they adopted two
directions: one that did not rely on quantum
mechanics, and the other that did. These treatments
are commonly referred to as semi-experimental
methods.

2. Approach

By using the molecule's geometrical advantage
and altering it multiple times, the length of the Si-H
bond at equilibrium can be found by computing the
energy for each iteration. One can create a potential
curve using this information. The non-harmonic
version of true interatomic potential energy resembles
the Morse potential [4].

Vi = Dg[1 — e~o—Te)]? 1)
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Equation (1) indicates that the value of Vn
approaches D. as r approaches infinity, which is
consistent with the actual behaviour of the diatomic
particles. Where a is a constant for the electronic
energy levels of the molecule, Vi represents the
potential energy of the bond.

The vibrational energy levels are found by [5]
when a Morse potential function is used in place of
the potential energy in the Schrédinger equation:

2
glv) = (V + %) We — (V + ;) WeXe (2
where g(v) represents the vibrational energy level, we
the vibrational frequency in an harmonic motion, X.
the an harmonic constant
When v = 0 the value of g (V) is equal to the zero
point energy [6]:

g(v) = %we (1 - %Xe) cm™? €)]
The following relationship can also be used to

calculate the molecule's dissociation energy [7]:
2

We
De = m (4)

Some physical parameters, such as ionization
potential and electronic affinity, are computed using
Koopmans' theory [8,9]:

IE(Ionization potential) = —Eyomo (5)
EA(Electron affinity) = —E;ymo (6)

In which LUMO is the lowest empty molecular
orbital and HOMO is the highest occupied molecular
orbital. The following formulas [10-15] are used to
calculate the electronegativity (y) and molecular
hardness (1), which are vital interacting properties of
matter that are defined as the resistance to electron
cloud polarisation or deformation of chemical species
and a measure of the stability and interactions of
molecules, based on these values (IE and EA):

~ (IP+EA) )
(IPEEA)
~ & ®)
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The statistical thermodynamic equations can also
be used to calculate the thermal properties [16,17].

The statistical thermodynamics of ideal gas laws
and the standard case were used to calculate the
thermal properties using the following equations:
U?otal - Utrans + Urot + Uv1b + Uelec + Unucl (9)

Utrans Ulot RT)l( SRT (10)

v1b Z3N 6e - (ll)
X; = ‘;{—T L (12)
H = U%,y, + RT (13)

Stotal - Strans + Srot + Sv1b + Selec + S?mcl (14)

(2mtmKT)ZRT
Sgrans = R[ +In mIn\IT] (15)
1 3
8n2(8n2Ixlyly)2(KT)2
sgot_R[ + I e lxlviz) l (16)
X _X.
S = RENC[x= -1 —eX)| (17
G® = HO — TS° (18)
A® = U0 — TSO (19)

3. Results and Discussion

The curve of potential When we reach the lowest
energy level at which the molecule is stable at a
specific distance, known as the equilibrium distance
(re=1.4758 AO), the total energy starts to increase
due to the repulsion (nucleus - nucleus), until the
bond is broken, at which point it is known as the
energy of dissociation (De=6.76785 eV). Figure (1)
illustrates how the total energy decreases as the
distance between the atoms (Si - H) increases due to
the drop in potential energy, which is caused by the
attraction (electron - nucleus).

-946

-948

-950

-952

Total Energy (eV)

6.76785

-954
eV

T :
!

-956

\ J

r, = 1.4758A

-958

Interatomic Distance r(A)

Fig. (1) Nonharmonic potential curve of SiHI; molecule
calculated by Winmopac software (MNDO-PM3)

Some important physical properties of the studied

molecule that were also calculated at equilibrium are
shown in table ().
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Table (1) The physical properties of the Triiodosilane (SiHI3)
molecule calculated by MNDO-PM3

Quantity Magnitude
Heat Of Formation Hf at 298K | -0.39257 eV
ELumo -3.534699 eV
Enomo -10.290859 eV
lonization Potential (I.P.) 10.290859 eV
Electronic Affinity (E.A.) 3.534699 eV
electronegativity (x) 6.912779 eV
molecular hardness n 3.37808 eV

SilzH's high ionization energy denotes the
molecule's low reactivity. With an electronegativity
of 6.912779 eV, the SilsH molecule has a notable
capacity to draw electrons from neighboring
molecules.

The HOMO-LUMO energy gap of SilsH is
predicted by this study to be 6.75616 eV. It was
discovered to be extremely high and, because of the
enormous border orbital gap linked to high kinetic
stability and minimal chemical interaction, results in
more molecular stability and less polarization.

The investigated molecule's heat of production
increases with temperature, as seen in Fig. (2).

10

100 200 300 400 500 600%700 800 900 10001100

H.O.F. (kcal/mol)

-10

-15
Temprature (K)

Fig. (2) Heat of formation of SiHI; molecule at different
temperatures

In accordance with [18], figure (3) illustrates how
the enthalpy change rises with temperature,
suggesting that the reaction is endothermic.

Entropy rises with temperature because it
measures how random the atoms that comprise
molecules are, as seen in Fig. (4).

Figure (5) illustrates how the system's high
thermal resistivity and great thermal stability are
demonstrated by Gibbs free energy reductions in
SilsH [19]. It's also clear that the computed values
agree with the real values [18].

See Figure 6 for an illustration of how the heat
capacity varies with temperature and rises as a result
of an increase in the number of particles at various
vibrational energy levels [18].
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Fig. (3) Enthalpy change of SiHI; molecule at different
temperatures
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Fig. (4) Entropy of SiHI; molecule at different temperatures
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Fig. (5) Change in the Gibbs free energy of SiHI; at different
temperatures
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Fig. (6) Heat capacity of SiHI; molecule at different
temperatures

4. Conclusion

A solid grasp of the nature, structure, electrical
properties, and chemical reactivity is provided by this
study. The molecule is one among those with strong
heat resistance, with a bond length (Si-H) equal to
re=1.4758A and a dissociation energy of D.=6.76785
eV. The number of molecules at different vibrational
energy levels increases with temperature, which
raises specific heat capacity. In addition, the
procedure is endothermic.SilsH's high ionization
energy denotes the molecule's low reactivity. With an
electronegativity of 6.912779 eV, the SilsH molecule
has a notable capacity to draw electrons from
neighboring molecules.
According to this study, SilsH's HOMO-LUMO
energy gap is predicted to be 6.75616 eV. which,
since the border orbital gap is big and linked to high
kinetic stability and low chemical interaction, was
found to be extremely high and results in more
molecular stability and less polarization.
In addition to the previously mentioned, the MNDO-
PM3 approach results produced with Winmopac 7.21
closely matched the trial outcomes.
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This study measured the electrical conductivity of the Al coating layer deposited on
acrylonitrile butadiene styrene (ABS) by flame thermal spraying. The results showed
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‘Qt.cm™. The scanning electron microscopy (SEM) also showed good adhesion force
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the x-ray diffraction (XRD) showed no oxidation. The contact angle for the ABS
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1. Introduction

Nanotechnology is considered to have a
significant influence on nearly every aspect of human
life. Nanotechnology possesses the capacity to
profoundly impact many domains, including physical
sciences, biotechnology, energy, communication
technology, social psychology, manufacturing,
cognitive sciences, catalysis, computational sciences,
and transportation. It has the ability to revolutionize
the future by increasing the durability and reactivity
of existing materials [1,2].

Thermal spraying is a process where molten, or
partially molten materials are applied to a surface to
create a coating. The coating substance is applied
with a high-velocity spray. When the coating particles
come into contact with the surface of the substrate,
they can experience permanent deformation, resulting
in the creation of a coating layer. The coating material
can be employed in either a powder or a wire form.
Oxygen and acetylene are the usual gases used for
generating heat. The flare induces rapid melting of the
coating material, which is then violently ejected onto
the substrate's surface [3].

Metallization refers to the process of depositing
metal layers onto the polymeric substrate using
thermal spraying. This technique is accomplished
through the adhesion of the sprayed metal to the
polymeric surface. Thermal spraying process factors,
such as particle speed and temperature, influence the
deposited plates. The deposited layer is also affected
by the substrate's surface roughness and the angle
between the substrate and the particle line [4,5].

Aluminum has a density of 2.7 g/cm®, which is
approximately one-third of the densities of steel and
cast iron [6]. Aluminum alloys typically consist of
silicon, copper, magnesium, zinc, and several
additional alloying elements. They possess the
benefits of being lightweight, exhibiting good
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electrical and thermal  conductivities, and
demonstrating exceptional mechanical qualities [7,8].
Acrylonitrile butadiene styrene (ABS) is a
thermoplastic material that has several applications in
engineering because to its beneficial qualities. These
properties include chemical resistance, light weight,
strong mechanical capabilities, and ease of processing
[9]. Materials with thermal and electrical
conductivities, corrosion resistance, and light weight
can be obtained by coating a commercially available
polymer with a thin layer of aluminum [10]. Voyer et
al. [11,12] noted that polyester fabrics became
electrically conductive after depositing a layer of
aluminum on them by flame spraying, thus obtaining
a coating layer with a thickness of 75-100 um and an
electrical resistance of about 0.002 Q.cm because the
aluminum coating did not affect the elasticity of the
polyester fabric. Huonnic et al. [13] measured the
electrical resistance of flame-sprayed glass and basalt
tubes after a layer of aluminum coating was deposited
on the surface, which was found to be 69x10” and
89x107 Q.cm, respectively. Two flame sprayers were
used to produce a uniform metal layer with electrical
properties on a polymeric substrate. It was noted that
the electrical resistance values of the coated materials
were higher than that of annealed aluminum alloy.
Affi et al. [14] analyzed the electrical resistance of Al
coatings applied by cold and plasma spraying
methods onto  carbon-fiber-reinforced  epoxy
substrates. The resistance values of the aluminum
deposits that were sprayed with plasma were
significantly higher than those of the aluminum
coatings that were sprayed with cold. This could be
attributed to the increased oxidation of the sprayed
particles at higher temperatures of the carrier gas.
The three significant motivations are behind the
utilization of metallized polymer in the production of
electronic devices is the reduction of costs, decrease
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of weight, and enhancement of electrical
conductivity.

The objective of this research is to modify ABS
surface with a metallic coating to enhance electrical
conductivity for electronic applications.

2. Experimental Work

Acrylonitrile butadiene styrene (ABS) with a
dimension of 2x2 c¢cm? was used as a substrate
material, and 99.9% pure aluminium powder with a
diameter of 61.8 nm was used as a coating material.
The chemical composition of Al is shown in table (1).

Before spraying, the substrates were prepared for
the coating procedure by cleaning them with NaOH
and subsequently roughening them using sandpaper
to improve the surface roughness. This step was
performed to enhance the coating's ability to adhere
to the substrate. Finally, a layer of aluminium coating
was applied.

Table (1) Chemical Composition of Pure Al

Eleme | Ti |zn [cu | P | M |si|v 'g Al
nt % | % | % % | % % | % % %
Chemi 0
cal 00|00 00 1 00|00 |00] 00 | Bala
Comp | 24 | 33 | 26 5 45 | 52 | 08 | 28 | nce
osition

The coating method utilised the thermal spraying
approach, employing an oxyacetylene thermal
spraying device on a two-dimensional table. The table
was outfitted with spherical screws and a motor that
facilitated the seamless movement of the spraying
device in both right and left directions. The
operational specimen was placed on a flat surface in
front of the spraying apparatus. The screw sample
fixture was equipped with a stepper motor, which
allowed it to move in a spherical manner. The given
sample fixture featured a spherical screw mechanism
equipped with a motor that enabled vertical
movement in both upward and downward directions
[15]. The O, pressure was 0.5 bar, while the C;H;
pressure was 1 bar. Figure (1) and table (2) displays
the thermal spraying device and the spraying
parameters, respectively.

Fig. (1) Thermally spray device

Table (2) Process parameters and their levels

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

Vol. 20, No. 2B, May 2024, pp. 453-456

Parameters Level1 | Level2 | Level3
Distance mm 150 200 250
Powder feeding gl/min 15 30 45
Spray velocity m/min 100 200 300
Delay time min 4 6 8

3. Results and Discussion

Figure (2) shows the peaks obtained from the x-
ray diffraction (XRD) analysis of the aluminum layer
on a polymer substrate, and the apparent peaks seem
to be very similar to those found in a standard sample.
It seems that the intensity of the peaks may vary at
angles of 38.36°, 44.67°, 65.12°, and 78.20°. The
strong peaks with a narrow base give the impression
that the crystal structure of the coating is regular, and
the low peaks mean that the coating has a random or
irregular structure.

1200
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Intensity (counts)
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10 20 30 4009 (desgﬂ 60 70 80

Fig. (2) XRD pattern for Al coating prepared in this work

The SEM of the coated samples was carried out
using Inspect S50 SEM instrument to determine the
coated layer and measure their thickness as well as
the coating-substrate interface. Figure (3) shows the
adhesion between the ABS polymer and the Al
coating layer. The coating layer had a thickness of
approximately 74.35 pm.

Al layer
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Fig. (3) SEM images showing the interface between polymer
substrate and metallic coating

The contact angle is the angle at which the liquid—
solid and liquid—vapour interfaces intersect [16]. As
shown in Fig. (4), the contact angle test showed that
the surface of ABS has a contact angle of 36.422°,
which suggests that the surface is hydrophilic and
thus, ABS has good wettability and adhesiveness.

Fig. (4) The contact angle for ABS

Scratch testing is the predominant and preferred
method for evaluating the adhesive strength of a
coating-substrate system [17-19]. Taguchi orthogonal
arrays are utilized to determine the effects that the
values of the thermal spraying parameters have on the
adhesion strength between the aluminum coating and
the ABS substrate. The best adhesion between ABS
polymer and Al coating can be obtained if the
distance between the gun spray and substrate is
200mm, the powder feeding is 45 gL/min, the
velocity of spray is 100 m/min, and the delay time is
6min as shown in table (3).

The electrical conductivity of the coated layer has
been measured using an LCR-821 meter. Figure (5)
shows that the electrical conductivity of the Al layer
is significantly lower than that of bulk aluminum.
This is because the nano-coating layer increased the
resistance values due to an increase in grain
boundaries. The electrical conductivity value of bulk
aluminum was 3.77x10" Qt.m™.,
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Fig. (5) Electrical conductivity of Al coating layer

4. Conclusion

In this study, aluminum coating layers were
deposited on polymer substrates by flame thermal
pyrolysis. It was found that the electrical conductivity
of these layers are good but lower than the electrical
conductivity of bulk aluminum. This is due to the fact
that the coating deposited on the polymeric substrate
is nano-sized, thus forming many crystalline
boundaries. In addition, due to an increase in grain
boundaries in the Al layer, the electrical conductivity
decreased. The characterization shows that there is no
oxidation on the coating layer. The contact angle was
36.224°, suggesting that the surface of ABS is
hydrophilic and thus, ABS has good wettability and
adhesiveness.
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Table ()3 Taguchi orthogonal array results

No. of Distance Powder feeding Spray velocity Delay time Trial Trial Trial Mean SIN
samples (mm) (g/min) (m/min) (min) 1 2 3 ratio
1 150 15 100 4 36.90 | 36.96 | 36.97 | 36.9433 | 31.35
2 150 30 200 6 3765 | 3766 | 3767 | 37.6600 | 3152
3 150 45 300 8 38.34 | 3837 | 3836 | 38.3567 | 31.68
4 200 15 200 8 3841 | 3844 | 3842 | 384233 | 31.70
5 200 30 300 4 38.89 | 3887 | 38.87 | 38.8767 | 31.80
6 200 45 100 6 43.99 | 43.95 | 4397 | 43.9700 | 32.86
7 250 15 300 6 36.73 | 36.72 | 36.77 | 36.7400 | 31.30
8 250 30 100 8 4199 | 4221 | 4222 | 421400 | 3250
9 250 45 200 4 43.67 | 43.70 | 43.71 | 436933 | 3281

Where Trial 1, Trial 2, and Trial 3 are adhesion forces (N)
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In this work, the effects of different extraction parameters on the particle size of the

nanopowders extracted from iron oxide (FeO) thin film samples were studied. These
films were deposited by the dc reactive magnetron sputtering, which is one of the
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extraction parameters such as freezing temperature, ultrasonic frequency and
application time are very effective in determining the nanoparticle size, which is very
important for many applications and uses of highly-pure nanomaterials and
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1. Introduction

Typical breakthroughs in spectroscopic and
photonic applications are continuously satisfied
when highly pure nanomaterials are employed. For
example, titanium dioxide nanoparticles can be
perfect nanophotocatalysts (NPCs) when no other
material exists in the fabricated device as this
quantum activity is individually attributed to the
titanium dioxide [1,2]. Similarly, quantum dot
photonic devices (QDPDs) are critically sensitive to
the presence of any material with the active
nanomaterial [2,3]. Hence, the small contribution
may result in a big effect on the device operation.
Accordingly, measurements and characterization
tests should be carried out with as much as possible
guarantee that the prepared nanomaterial is highly
pure [4].

Minimizing the probability of existing substrate’s
material in the extracted material makes any method
or technique with such advantage most preferred in
nanomaterials and nanotechnology. Unfortunately,
mechanical methods cannot overcome this problem
for accurate structural and spectroscopic applications
[5]. Thermal methods are obviously avoided because
the consequent increase in nanoparticle size is not
desired at all [6]. Chemical methods are also avoided
because they definitely include some reactions with
tiny particles forming very large area (nanosurfaces)
[7].

A recently invented method — known as
conjunctional freezing-assisted ultrasonic extraction
method — submits a highly efficient tool to get
nanopowders from thin film samples without any
probability to detect residual from substrate’s
material in the final product. However, the operation
parameters of this method can reasonably affect the
nanoparticle size. Therefore, further more typical
jumps can be made in nanomaterials and
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nanotechnology as the nanoparticle size is
sufficiently controlled [8].

In this work, the effects of some operation
parameters of conjunctional freezing-assisted
ultrasonic extraction method, such as freezing
temperature, ultrasonic frequency and application
time, on the particle size of extracted nanopowders
are studied.

2. Experimental Part

A homemade dc reactive sputtering system
employing a closed-field unbalanced dual
magnetrons (CFUBDM) assembly was used to
deposit nanostructured thin films on nonmetallic
substrates. This system was used to prepare thin films
from several compound materials, such as nickel
oxide (NiO), silicon nitride (SisN4), silicon dioxide
(SiOz), and titanium dioxide (TiO2) [9-13]. The
operation parameters and preparation conditions of
these samples were separately optimized. More
details on the specifications and operation of this
system can be found elsewhere [14,15].

Highly-pure (99.99%) iron sheet was used as a
sputter target to be maintained on the cathode of the
discharge system. Argon gas is used to generate
discharge plasma while the oxygen is used as reactive
gas to form iron oxide (FeO) molecules. The mixing
ratio of argon and oxygen could be precisely
controlled in a gas mixer before pumped into the
deposition chamber. The discharge electrodes could
be cooled using a cooling system employing water as
a coolant. The crystalline phase of iron oxide
nanostructures could be determined by controlling
the operation parameters of magnetron sputtering
system, especially gas mixing ratio, oxygen content
in the gas mixture, and anode temperature. Iron oxide
nanostructures were prepared using Ar:O; gas
mixture of 50:50 and a heat sink under the substrate
on which the thin film is deposited. Without cooling,
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the anode temperature might reach 150-180°C. Using
electrical heater on the anode can raise its
temperature to 400 °C, which sufficiently induces the
anatase structures to convert into rutile completely.

As the deposition time is varied, the thickness of
the prepared film is proportionally varied. Film
thickness was measured by laser-fringes method. The
nanopowder was extracted from thin film samples by
the conjunctional freezing-assisted ultrasonic
extraction  method.  Full  description and
specifications of this method can be introduced in
reference [8] and schematically shown in Fig. (1).
The structural properties of the extracted
nanopowders were determined by x-ray diffraction
(XRD),  Fourier-transform  infrared (FTIR)
spectroscopy, field-emission scanning electron
microscopy (FE-SEM), and atomic force microscopy
(AFM).
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Fig. (1) Schematic diagram of the experimental setup of the
conjunctional freezing-assisted ultrasonic extraction method
used in this work [8]

3. Results and Discussion

Figure (2) shows the variation of nanoparticle size
of the three different samples prepared in this work
with the deposition time, which determines film
thickness. As the deposition time is increased, the
film thickness is increased and hence the layers of the
thin film are further grown. This growth results the
grains to get larger as observed in this figure.
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Fig. (2) Variation of nanoparticle size with deposition time for
the iron oxide nanostructures prepared in this work

As the nanopowders were extracted from the thin
film samples using the conjunctional freezing-
assisted ultrasonic extraction method, the effect of
freezing temperature on the value of ultrasonic
frequency at which the nanopowder was completely
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extracted is shown in Fig. (3). As the freezing
temperature is decreased, lower frequency is required
to extract the nanopowder because lower freezing
temperature lead to further shrinkage of the
nonmetallic substrate and hence the adhesion of the
film to the substrate gets lower.
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Fig. (3) Variation of ultrasonic frequency with freezing
temperature for the iron oxide nanostructures prepared in this
work

It is clear that the values of ultrasonic frequencies
required for the extraction of nanopowders are
relatively convergent regardless the grown phase of
iron oxide.

The variation of nanoparticle size with the
ultrasonic frequency at which the nanopowder was
extracted for the iron oxide structures prepared in this
work is shown in Fig. (4). As the thin film is typically
composed of at least several layers of iron oxide
particles, higher ultrasonic frequency can vibrate
atoms in different layers and hence extract larger
particles.
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Fig. (4) Variation of nanoparticle size with the ultrasonic
frequency for the iron oxide nanostructures prepared in this
work

The time taken to apply the ultrasonic waves to
the thin films sample before the extraction of
nanopowder was completed is an effective parameter.
Accordingly, the variation of nanoparticle size with
application time at frequency of 5 MHz is shown in
Fig. (5) for the iron oxide thin films. It is clearly
observed that the particle size of the extracted
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nanopowder does not show large differences for
application times from 30 to 210 minutes. This is
attributed to the fact that particles of certain size are
extracted by ultrasonic waves of given frequency
regardless the application time. Extraction of
particles containing molecules from different layers
within the thin film is carried out at certain range of
sizes as a function of ultrasonic frequency. Larger
particles are extracted due to their further growth
within the deposited film.
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Fig. (5) Variation of nanoparticle size with the application time
of ultrasonic waves for the iron oxide nanostructures prepared
in this work

As the extraction method mainly depends on the
freezing stage, the freezing temperature may be very
effective in determining the particle size of the
extracted nanopowder. Figure (6) shows the variation
of nanoparticle size with freezing temperature for the
iron oxide samples prepared in this work.

40

20 | O--.0

Nanoparticle size (nm)
/
/

25 20 -15 -10 5 0 5 10
Freezing temperature (°C)

Fig. (6) Variation of nanoparticle size with the freezing
temperature for the iron oxide nanostructures prepared in this
work

It was mentioned before that the lower freezing
temperature leads to larger shrinkage in the substrate
on which the thin film is deposited and hence the
adhesion between the film and the substrate gets
lower and the film surface breaks earlier at the same
value of ultrasonic frequency. Accordingly, larger
particles can be extracted from the thin film before
partitioning into smaller ones. In contrast, freezing to
relatively higher temperatures leads to smaller
shrinkage in the substrate and the adhesion between
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the film and the substrate gets higher. Therefore, the
application of ultrasonic waves can extract titanium
dioxide particles from the upper surface layer of the
thin film, which means smaller particles. Layer-by-
layer extraction at higher freezing temperatures
produces smaller nanoparticles when compared to the
case of lower temperatures.

According to the results obtained from this work,
the principle of the conjunctional freezing-assisted
ultrasonic extraction method can be shown in Fig.
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Fig. (7) Schematic representation of the conjunctional
freezing-assisted ultrasonic extraction method

The thin film layers are typically deposited on the
substrate as shown in Fig. (7a) as each single layer
may contain nanoparticles or molecules of the thin
film material. Freezing of the prepared sample causes
the nonmetallic substrate to shrink faster than the thin
film and as soon as the temperature of the sample
rises, the substrate again expands faster than the thin
film. Therefore, their dimensions get different and the
film surface is broken to form islands over the surface
of the substrate. These islands keep adhered to the
substrate surface at some points with loosen
terminals, as shown in Fig. (7b). Strong vibration of
these islands may soon extract large parts, as shown
in Fig. (7c), while the weak vibration may extract
smaller parts over relatively long time of application
ultrasonic waves, as shown in Fig. (7d).
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4. Conclusion

As conclusions, freezing temperature, ultrasonic
frequency and the time taken to apply ultrasonic
waves on nanostructured thin films deposited on
nonmetallic substrates are very effective to determine
the nanoparticle size of nanopowders extracted from
these thin film samples. The conjunctional freezing-
assisted ultrasonic extraction method can be
successfully used to  extract  highly-pure
nanoparticles with approximately the same size of
nanoparticles in the thin films deposited by physical
vapor deposition methods and techniques. This
technique is reliable, efficient and low cost to
produce highly-pure nanomaterials with as low as
possible particle sizes.
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In this work nanostructured copper thin films were deposited on glass and silicon substrates

by the pulsed-laser deposition (PLD) technique utilizing a Nd:YAG laser operating with a
pulse energy of 480mJ, a repetition frequency of 6Hz, and 500 pulses. The results of
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characterizations showed clear peaks that indicated plasmonic absorption at a wavelength
of 220nm. The predominance of the anatase Cu phase was revealed. The presence of
spherical particles that were dispersed in clusters were also revealed. The average size of
these clusters ranged from 66.2 to 90.7 nanometers.
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1. Introduction

There has been an increasing fascination with
creating and designing metal nanoparticles that have
well-defined structures. This is because these
materials  possess  distinct and  auspicious
characteristics. Copper (Cu) is a metal that has
attracted considerable interest at the nanoscale. It is a
versatile metal that finds extensive usage in electrical
conductivity, catalysis, and antibacterial applications.
Copper nanoparticles have distinctive optical
characteristics, such as adjustable bandgaps and
effective light absorption [1]. Copper (Cu) is a highly
regarded metal known for its excellent qualities,
which make it indispensable in numerous sectors.
Substantial research and utilization of its unusual mix
of physical, chemical, electrical, and thermal
properties have been observed in varied domains [2].
Copper is highly recognized for its exceptional
electrical conductivity. It possesses the most
significant electrical conductivity compared to other
commonly found metals, except superconductors at
extremely low temperatures. Copper's characteristic
of facilitating efficient current flow with minimal
energy loss makes it a highly suitable material for
electrical ~ wiring, power transmission, and
electronics. Copper also demonstrates exceptional
heat conductivity. Due to its remarkable thermal
conductivity, it is highly favored as a material for heat
sinks, cooling systems, and heat exchangers. Its
exceptional thermal conductivity facilitates efficient
heat dissipation, making it indispensable for
electronics, power generation, and thermal
management. Copper exhibits superior ductility,
malleability, and excellent electrical and thermal
conductivity. It has excellent malleability, allowing it
to be easily manipulated and molded into intricate
shapes without any breaking risk, making it
appropriate for manufacturing techniques, including
rolling, extrusion, and forging. These characteristics
facilitate the manufacturing complex copper parts
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used in plumbing, architecture, and industrial
machinery. Nanotechnology is an interdisciplinary
domain that includes scientific and technological
endeavors focused on manipulating and regulating
matter at the nanoscale, typically ranging from 1 to
100 nm in size. It encompasses the comprehension,
creation, and production of materials, technologies,
and systems having unique features and
functionalities at a minuscule scale. At the nanoscale,
the characteristics of materials can vary considerably
compared to their larger forms. Nanotechnology
harnesses these distinctive characteristics to create
novel materials, devices, and procedures that find
utility in diverse domains such as electronics,
medicine, energy, materials research, and
environmental science [2,3].

Copper exhibits excellent corrosion resistance,
especially in both air and aquatic conditions. The
metal develops a patina, a protective oxide layer on
its surface that effectively inhibits additional
corrosion. Copper's exceptional corrosion resistance
makes it suitable for outdoor applications,
architectural structures, and plumbing systems. In
addition,  copper  demonstrates  antibacterial
capabilities, referred to as the "oligodynamic effect."
Studies have shown that it possesses inherent
antibacterial properties, which make it valuable for
usage in healthcare facilities, antimicrobial coatings,
and water purification systems [3].

2. Experimental Part

Copper  exhibits  exceptional electrical
conductivity, second only to silver. Its efficient
conductivity makes it popular for electrical wiring,
power transmission, and electronics. Copper's
exceptional thermal conductivity makes it an optimal
selection for heat transfer applications. It is frequently
employed in heat sinks, heat exchangers, and cooling
systems. Copper exhibits exceptional ductility and
malleability, allowing it to undergo extensive
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elongation into wires or be effortlessly molded into
diverse shapes without experiencing fracture. This
feature enables the fabrication of complicated copper
components using techniques such as rolling,
drawing, and forging. Copper exhibits excellent
corrosion resistance, especially in both air and aquatic
conditions. The metal develops a defensive oxide
layer, known as patina, on its surface, inhibiting
additional corrosion. Its characteristics render it
appropriate for use in outdoor applications and
plumbing systems. Copper has natural antibacterial
capabilities, referred to as the "oligodynamic effect.”
It demonstrates the capacity to eradicate or impede
the proliferation of bacteria, viruses, and fungi on its
surface. Copper's inherent characteristics have
resulted in its use in healthcare environments,
antimicrobial coatings, and water purification
systems.

The pulsed-laser deposition (PLD) system
schematically shown in Fig. (1) has been used to
deposit thin films on different substrates. This system
comprises the following components: a laser device,
a deposition chamber, a rotary vacuum pump, a
vacuum pressure monitoring device, a target holder,
and an electronic thermometer. A Diamond-288
Pattern EPS Nd:YAG laser used was supplied by
Huafei Tongda Technology. The laser energy may
reach to 1900 mJ at wavelength of 1064nm, and the
operation frequency ranges from 1 to 6 Hz. The pulse
duration is 10ns. The laser system was water-cooled
by flowing cool water to replace the heated water as
a result of laser operation. This system also contains
the deposition chamber made from Pyrex glass with a
height of 30 cm, a diameter of 20 cm, and a thickness
of 5 mm. The chamber is mounted on an aluminum
base with a diameter of 30 centimeters and a thickness
of 20 mm. A circular groove, measuring 2 cm in
width and 5 mm in depth, was formed on the upper
surface of this base. An O-ring is placed inside this
groove to prevent the leak of the deposition chamber.
The vacuum of 10° mbar inside the deposition
chamber was created by using a rotary vacuum pump
(Varian Rotary Pump DC 302 949-9325 s 006
W/Leroy L 080 BR type). To reach 10°® mbar vacuum
level, a diffusion pump supplied by Mancha Vacuum
Technologies was used.

Oxygen Glass substrate

Ablaited

Nd-YAG

Laser

|

Laser beem

Target

Vaccum

Fig. (1) Scheme of the PLD system used in this work
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The target holder is made from stainless steel with
a diameter of 2 cm and a depth of 3 mm. A tiny rotary
motor was employed to rotate the holder at a speed of
10 rp.m. The rotation of the holder is done
consistently to ensure that the laser energy is evenly
distributed on the compressed material (target),
resulting in a uniform deposition of prepared films.
The temperature of elements inside the chamber was
monitored using a thermocouple.  Precise
measurement of the substrate temperature is crucial in
thin film growth. A 250W halogen lamp was used to
warm the substrate up to 400°C.

The system's interior was cleaned with alcohol to
prevent the contamination by any residue from
previously deposited substances. The material to be
deposited is placed in a tungsten boat, which has a
high melting point that is significantly higher than the
melting point of the material to be deposited. The
substance being used is pure copper. The boat is
linked to a pair of electrodes connected to an internal
electric current source within the system to be
electrically heated. As the substance melts, we
gradually raise the electric current provided to the
electrodes, therefore, the material undergoes a
process of glowing, which involves the evaporation
of the material and the deposition of a film on the
substrate. Once the material is entirely deposited, the
current is gradually decreased. The sample oxidation
is prevented because the system is left for 30 minutes
after the deposition process is completed. The copper
film deposition process includes the following stages:
- The interaction between the laser beam and the
copper target
- The generation and enlargement of plasma within
the deposition chamber, directed towards the glass
slide where the deposition occurs, is induced by laser
beams. The film was deposited onto a glass substrate
(slide) at room temperature and under 10 mbar
vacuum pressure. The laser energy was 600 mJ, with
a frequency of 6 Hz. The incident laser beam was
directed at an angle of 45° to the target surface, and
the slide was positioned 10 cm above the target.

The film thickness (t) was determined by the
weight method as follows:

t=— (1)

npL?

where M is the mass of the substance (g), p is the
density of the substance (g/cm?), and L is the distance
between the crucible and the substrate stand (cm)

The structure, surface morphology, and optical
properties of the deposited films were determined by
x-ray diffraction (XRD), field-emission scanning
electron microscopy (FE-SEM), energy-dispersive x-
ray  spectroscopy (EDX), and UV-visible
spectrophotmetry.
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3. Results and Discussion

The x-ray diffraction used for the diagnosis of
structure of the prepared films is based on Bragg's law
to determine the inter-planar distance (dn) as [10]
nA=20nq sinf 2
where n represents the diffraction order, 6 represents
the diffraction angle, and 1 is the x-ray wavelength,
which is pertained by the metal target used to produce
the x-ray radiation

The Scherrer’s formula shown below was used to
determine the crystallite size, which is inversely
proportional to the full-width at half maximum
(FWHM) of diffraction peaks [11]:

_ 0924
C.S= Brcost 3)

where f is the FWHM

The XRD pattern of the prepared nanoparticles is
depicted in Fig. (2). It displays diffraction peaks at 26
of 27.34°,29.99°, 31.89°, 35.69°, 39.89°, 45.59°, and
53.14°, which are assigned to crystal planes of (111),
(110), (200), (210), (211), (220), and (311),
respectively, belonging to the crystal structure of
copper. The presence of these peaks confirms the
formation of nanomaterial with a high degree of
crystallinity. Also, the Cu nanoparticles can be
inferred to be in the anatase phase, as indicated by the
Joint Committee on Powder Diffraction Standard
(JCPDS) (card no. 00-0333-0492).

1200

cu
111 20

1000 +

800

600 | s

intensety(a.u)

400

200

T T T T T T T T T T T T T
10 20 30 40 50 60 70 80

26 (deg)
Fig. (2) XRD pattern of Cu NPs prepared in this work by PLD

The diffraction peaks of the processed samples
exhibit distinct domain peaks at (111), (200), and
(311) orientations, occurring at approximately 260 =
27.34°,31.89° and 53.14°, respectively, ascribed to a
cubic structure of Cu anatase phase with lattice
constants a=b=c=3.615nm and angles o=f=y=90°.
The XRD pattern does not show peaks of other
materials, indicating the samples were prepared with
high purity, as illustrated in table (1). It was observed
that there were minor variations in the match due to a
slight increase in thickness, contaminants, or voids in
the film. The granularity level is directly proportional
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to the thickness and inversely proportional to the
width of the center peak observed in XRD pattern
[12,13].

The absorption spectrum of Cu nanoparticles
prepared using laser energy of 480mJ is shown in Fig.
(3). It shows that the absorbance is high within the
range of 190-300nm, with a prominent peak at
220nm. The transmittance of Cu nanoparticles shown
in Fig. (4) reaches its minimum at the same
wavelength.  The absorbance  decreases at
wavelengths longer than 220nm. The appearance of
these peaks can be attributed to the quantum size
effect. The plasmon peaks' intensity and width were
shown to depend on both laser energy and the number
of laser pulses. The aggregation of the prepared Cu
nanoparticles within a few days, which agrees with
the observations of Anikin et al. [14].

cu|

absorbance

0

2(‘)0 4(‘)0 G(I)O 860 10‘00 1200
wavelength(nm)
Fig. (3) UV-visible absorption spectrum of of Cu NPs prepared
in this work by PLD
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200 2;0 2:10 2(‘30 2é0 3(‘)0 350 3:10 36‘30 3{‘30 400
wavelenght(nm)

Fig. (4) UV-visible transmission spectrum of Cu NPs prepared

in this work by PLD

The surface morphology of the produced samples
was examined using FE-SEM, as depicted in Fig. (5).
The FE-SEM image reveals that the sample prepared
using 480 mJ laser energy have a nanostructure
characterized by a distribution of spherical particles.
The spherical clusters are spread in various places
with an average diameter of 7.72 nm, as indicated in
table (2). It was observed that the sample had a rough
surface and large pore size, resulting in a high specific
surface area.
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73.76nm
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SEM HV: 20.0 kV ‘WD: 3.74 mm MIRA3 TESCAN
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Fig. (5) FE-SEM image of Cu NPs prepared in this work by
PLD

Table (2) FE-SEM results of of of Cu NPs prepared in this

work by PLD
Area Particle Size (nm)
Label (Cu) Mean Min Max
1 0.016 | 88.167 | 43.000 | 141.000
2 0.019 | 73.769 | 40.000 | 109.000
3 0.019 | 73.769 | 40.000 | 109.000
4 0.018 | 75.844 | 28.000 | 120.000
5 0.006 | 73.344 | 49.000 | 100.000
6 0.011 | 82.083 | 41.000 | 121.000
7 0.006 | 66.656 | 42.000 | 109.000
8 0.016 | 76.841 | 47.000 | 114.000
9 0.018 | 70.742 | 38.000 | 115.000
10 0.016 | 92.333 | 44.000 | 146.000

4. Conclusion

The study showed the one-step preparation
process of spherical-shaped copper nanoparticles
using PLD technique. The prepared Cu nanoparticles
have a single-phase cubic structure (anatase Cu). The
laser fluence determines the form and size of the
nanoparticles. The presence of extensively clustered
Cu particles measuring 41-77 nm was verfieid
depending on the laser fluence.
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Copper nanoparticles were synthesized via chemical reduction method. Copper
nitrate aqueous precursor using trisodium citrate as a reducing agent at boiling
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band indicated the existence of larger particles in the solution. Silica xerogel
doped with Copper nanoparticles by sol-gel route at specific preparation
parameters. The absorption intensity reasonably increased for bulk samples
(Cu NPs in xerogels) as compared to Cu NPs solution.
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1. Introduction

Nanomaterials are investigated widely at the
present time because of their distinct optical,
electronic and mechanical characteristics [1]. Noble
metal nanoparticles, such as copper nanoparticles (Cu
NPs), have been a source of great interest to their
unusual physical features, particularly their strong
Plasmon absorption peak in the visible region [2]. The
resonance frequencies are determined by the particle
form and size, and remain stable for months. Nobel
metal nanoparticles show brilliant colors due to the
surface plasmon resonance absorption [3]. The
examination of the surface plasmon resonance
absorption is part of a large ongoing research field to
investigate properties on the nanometer scale [4]. 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 [5]. Copper is a relatively
rare element with an estimate of copper atoms
comprising 22 parts per million (ppm) of the Earth’s
crust (68 ppm by weight); making it the eighth most
abundant metal. Bulk copper has good conductive
properties, but not when synthesized as nanoparticles.
Despite that, Cu NPs have superior antibacterial,
deodorant, catalysis, lubricant and conductive links
[6-9]. In the past few years, the synthesis of Cu NPs
has attracted much attention because of its huge
potential for replacing expensive nano silver inks
used in conductive printing. If a suitable protective
coating is applied on copper nanoparticles, they can
withstand oxidation in the environment [6]. An
organic polymer, alkene chains, graphene or
amorphous carbon, inorganic substances like silica,
or an inert metal could all be present in this layer. By
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directly printing conductive patterns, such coated
copper nanoparticles allow for the achievement of
high conductivities. By employing copper-based
inkjet inks to create solar cells, RFID tags, and
electroluminescence devices, among other gadgets,
this method creates new opportunities in printed
electronics [8-10]. To develop nanoparticles,
ultrasonic irradiation, electrochemical synthesis,
thermal decomposition, radiolysis, and chemical
reduction of metal salts had been used [11,12].
Chemical reduction is one of the most important
technique for preparing Ag, Au and Cu colloids [7].
In the present study, copper nanoparticles were
synthesized from copper nitrate salt solution with
trisodium citrate as a reducing agent. This approach
allows regulating particle size and form by varying
the molar concentration of reactants. Metal salt
precursor, reducing agent, and
stabilizing/surfactants/capping agent are the three key
components used in this procedure. The two stages of
the copper reduction process are nucleation and
particle growth [13]. When compared to the physical
approach, the chemical method is characterized by
high yield, cost-effective and easy particle size
control [14]. Despite numerous attempts, preparing
NPs with a well-defined size remains difficult,
necessitating a second procedure to prevent particle
aggregation [15]. Synthesis of NPs utilizing
stabilizers, surfactants, and capping agents has been
evaluated and reported to prevent aggregation [16]. A
metal alkoxide and an organic alkoxysilane precursor
are combined with water and a solvent in the presence
of an acid or base catalyst to hydrolyze and condense
to create  sol-gel  materials, which are
inorganic/organic hybrid compounds [17]. It can
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create extremely porous, stiff membranes that are
useful for a variety of purposes, including the
entrapment or immobilization of biomolecules like
proteins and enzymes that maintain their biological
function and may be released from fouling. [18]. In
order to optimize the surface plasmon resonance band
of Cu NPs, the later was doped in silica xerogel for
the development of future anti - bacteria agent.

2. Experimental Part

The synthesis of CuUNOs; NPs was carried out
using chemical reduction method. At first, a solution
of 6.7x1073, 5x 1073, ¢c= 5x 107! , d=8.5 %
1071 ,e=9x 107! & f= 1 mol\L CuNOs were
prepared by dissolving the copper nitrate precursor in
water. Besides; 0.5g sodium citrate was dissolved in
50mL of H,O to obtain 5% solution. Copper
nanoparticles were synthesized by heating the diluted
solution of CuNOs until it begins to boil, then 2.5 mL
of 0.5% sodium citrate solution was added drop by
drop, as soon as boiling commences. The heating
process continued until a pale blue color change was
seen. 3 minutes after the boiling point, heating was
seized but stirring the solution continued until
reaching room temperature as shown in Fig. (1). Drop
casting method was used to coat glass substrates with
the prepared colloidal copper nanoparticles in order
to characterize the samples [19].

== = =

[E— —— S——
5x107%, 6x107%, 5x10%, 8.5x10%, 9x10%, 1 M
(c)

~—

(d)
Fig. (1) (@) CuNO;j solution (b) Cu NPs solution (c) Copper NPs
prepared by chemical reduction at different concentrations (d)
Cu NPs doped silica xerogel
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The silica xerogel sol-gel rod samples were
prepared under selected reaction conditions in order
to prepare a suitable transparent host for Cu, TEOS
and absolute EthOH after mixing them 1:5:10 volume
ratio and pH of 1.5. For Cu doping, 1 ml of CuNPs
solution, at different Cu concentrations, was added to
the mixture of TEOS and absolute EthOH before the
hydrolysis and this was denoted as sol (I). This was
homogenized by stirring it obtained for 15 min by a
magnetic stirrer. A mixture of 0.6 ml deionized water
and 1.2 ml absolute EthOH was prepared and denoted
as sol (IT) which was slowly added to the sol (I) for
the hydrolysis process. The final solution was left for
(30 min) under magnetic stirrer, and this was
followed by adding 05 ml of N,N-
dimethylformamide. The solution was poured in a
closed glass tube and kept under 80 °C reaction
temperature. After aging and drying, the xerogel bulk
rod samples was sintered by increasing the
temperature from 110 to 250°C within 48 hours [20].

3. Results and discussions

In order to investigate the phase structure of the
synthesized Cu nanoparticles (NPs), the XRD pattern
in Fig. (2) shows three peaks with their corresponding
planes; obtained at diffraction angles 35.55° (111),
41.40° (200), 72.73° (220) Bragg’s reflections planes
which represent (111), (200), and (220) planes of
FCC crystal structure of metal copper. No
extra/impurity peaks are observed in XRD pattern and
this means there is no impurity present in the prepared
samples. The sharp and strong peaks reveal that Cu
nanocrystals are highly oriented. The patterns reveal
that all the diffraction peaks are indexed to the
characterization of metal copper, which are similar to
the prepared pure copper samples. The analysis
reveals that the as prepared samples have a crystallite
size of 26.86 nm; calculated by using Debye-
Scherrer’s equation [21].
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Fig. (2) The XRD pattern of Cu NPswere prepared by chemical
reduction method

In order to explore the influence of preparations

conditions on the characterization of such
nanostructures, the absorption of Cu colloidal was
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recorded as a function of CuNO; concentrations.
Figure (3) shows that the absorption intensity
increases with concentration while the maximum
peak surface absorption of plasmon copper
nanoparticles (at 1 mol\l as a concentration)
occurred at 797 nm and for 9x107%,8.5 x
107 mol\l & 0.5 x 10"'mol\l concentration, it
occurred at 790, 793 and 781 nm, respectively. At low
concentration (0.5x 1073& 6.7x 1073 1 mol\l) no
absorption peak was observed. Figure (4) represents
the absorbance as a function of concentrations which
increased with concentration; a result that agrees well
with Beer-Lambert laws.

L — 0.005 mol\l
——0.0067 mol\l
0.5 mol\l
| ——0.85mol\l
[ 0.9 mol\l

1 molll

Absorbance

0.5 1

0 L R I B I B B R B BRI LR B

500 550 600 650 700 750 800 850 900 950 1000
Wavelength (nm)

Fig. (3) The absorption spectra of Cu colloidal were prepared
by chemical for different concentrations
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0.501 1.001
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Fig. (4) The absorption spectra of Cu colloidal were prepared
by chemical for different concentrations

To prevent decomposing the Cu-NPs, the liquid
colloidal must be incorporated into a solid host by
caging it into solid network; such as polymer or sol-
gel host whereas its stability in liquid phase is a global
problem. Cu-NPs dopant has been added to increase
absorbance of silica xerogel. Figure (5) shows the
absorption coefficient against the wavelength of the
silica xerogels doped with different Cu-NPs
concentrations. It shows the peak absorption
coefficient a (A), of each band increases steadily with
Cu concentration.

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

Vol. 20, No. 2B, May 2024, pp. 465-468

Absorption coefficient (cm™)
N

0-llllI'{lllIllllllllllllllllllllllll
500 600 700 Wa%QengtﬁQﬂm) 1000 1100 1200
Fig. (5) The absorption spectra of silica xerogels doped with
different concentrations of Cu NPs

The characteristic vibrational bands of silica were
located in the FTIR spectra of silica xerogel and Cu-
NPs doped silica xerogel samples as shown in Fig.
(6). These samples were prepared at pH 1.5, 1:5:10
volume ratio and 80°C temperature. They were dried
at 110°C and sintered at 250°C. The bending
vibrations of Si-O-Si groups facilitate centering the
absorption band at 460.2 cm™. The symmetric
stretching Si-O-Si groups caused the absorption band
peaking at 810.1 cm™. Lastly, the wide band round
1103.8 cm is the distinctive Si-O-Si asymmetric
stretching vibrations.

52.5
silica xerogel sample
45 silica xerogel doped with CuNPs
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Fig. (6) FTIR transmission spectra of silica Xerogel and silica
xerogel doped with CuNPs

The weak band at 964.8 cm?, attributed to
stretching vibrations of silanol (Si-OH) groups which
suggests a limited number of these groups in the silica
network and implies a complete condensation
reaction. The incomplete trapped water molecules in
the pores of silica xerogel during the drying process
at 110°C, two absorption bands appeared: 1640.7 cm’
1 and 3440 cm™. The first band is caused by the
bending vibrations of the O-H bond in the H,O
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molecules, whereas the second band is caused by
stretching vibrations of the link. For glass sample
sintered at 250°C, the first band became very weak
and the second band vanished; indicating the driving
out of most H,O molecules as explained in Fig. (6).

4. Conclusions

It was found that the Copper nanoparticles were
successfully prepared using a chemical reduction
method based on varying the concentration of copper
nitrate and studying its effect on the plasmon
resonance band specification. In order to use such
nanoparticles, they are embedded in a transparent
host medium, silica xerogel. It turns out that these
particles are concentrated within the pores that
characterize the media prepared by the sol-gel method
also, the absorption intensity reasonably increased for
bulk samples (Cu NPs in xerogels) as compared to Cu
NPs solution. Thus the possibility of using them in
various applications.
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