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In August 2004, the Iraqi Journal of Applied
Physics, abbreviated as IJAP, was established and
registered with ISSN 1813-2065 as a scientific
periodical sponsored and published by the Iraqi
Society for Alternative and Renewable Energy
Sources and Techniques (I.S.A.R.E.S.T.) in Baghdad,
Iraq. IJAP was started to publish articles in nine
disciplines of applied physics; Applied & Nonlinear
Optics, Applied Mechanics & Thermodynamics,
Digital & Optical Communications, Electronic
Materials & Devices, Laser Physics & Applications,
Plasma Physics & Applications, Quantum Physics &
Spectroscopy, Semiconductors & Optoelectronics,
Solid State Physics & Applications. In January 2005,
the first issue of IJAP was released. That issue
included eight articles, four in Arabic and four in
English. This was the last time to publish articles in
Arabic. The first Editorial Board of IJAP contained
of Dr. W.K. Hamoudi as the Editor-In-Chief (EIC),
Dr. RA. Ismail, Dr. D.N. Raouf, Dr. R.A. Khamis,
and Mr. O.A. Hammadi as the Managing Editor. The
first Advisory Board of IJAP contained fourteen
members, twelve of them were from Iraqi
universities and two from foreign universities. All
editorial works were performed using the postal
address 55159, Baghdad 12001, Iraq while online
correspondences were carried out using two Yahoo
email addresses; editor ijap@yahoo.co.uk and
irq_appl phys@yahoo.com.
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Soon later, the Advisory Board of IJAP was
reconfigured to contain sixteen members, eight of
them were from Iraqi universities while the other
were from foreign institutions. This was the first
time for a scientific periodical in Iraq to have
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advisory board with 50% of its members are from
foreign institutions. This gave a big support for IJAP
to receive manuscripts from foreign authors as well.
The manuscript entitled “Key mechanisms of the
nonlinear amplification: physics and applications”
was received from the United Kingdom and
published in the second issue of the first volume
released in June 2005. By April 2005, a new postal
address was registered for IJAP as P. O. Box 55259,
Baghdad 12001, Iraq. IJAP was tightly concerned to
announce for the scientific activities of L.S.A.R.E.S.T.
By December 2005, IJAP has published four issues
with a total of 20 articles and 136 pages and two
more Advisors from foreign institutions have joined
the Advisory Board of IJAP.

In 2006, Iraq has witnessed dramatic events that
led to the deterioration of the general situation in the
country, and this greatly affected the work of
institutions in general, including the IJAP. However,
the work continued to release two issues only with
15 articles and 70 pages. As the life in Iraq was
approximately stopped over 2007, IJAP has
published four issues, each of them included one
review article, with 171 pages in total. These reviews
have saved IJAP from that difficult situation.

In 2008, some kind of recovery was observed in
Iraq and IJAP has published four issues with 22
articles and 173 pages. Also, IJAP has published two
indexes on the subjects and authors within 2005-
2008. These indexes have appeared in the last issue
of volume 4 released in December 2008. This was the
first time to see such indexes in a scientific periodical
journal in Iraq and this will be a main part of the last
issue of each volume of IJAP. In 2009, three new
advisors from foreign institutions have joined the
Advisory Board of IJAP, which has published three
issues with 20 articles and 168 pages. In 2010, Dr.
D.N. Raouf has been named as the EIC and IJAP has
published four issues with 21 articles and 168 pages.
In 2011, IJAP has published three issues with 16
articles and 140 pages. In 2012, Dr. R.A. Khamis has
been named as the Editor-In-Chief and IJAP has
published four issues with 20 articles and 160 pages.

In 20138, Dr. R.A. Ismail has been named as the
EIC and the Editorial Board has been extended to
include 8 members. The three new members were
Mr. H.M. Mikhlif named as the Associate Editor,
Miss. R.A. Markub named as the Middle East
Coordinator, and Dr. IF. Ramley named as the
Industrial Relation Coordinator. By January 20183,
IJAP has released its own website
www.iragiphysicsjournal.com that was granted by
Mr. Ahmed Farid and designed by Mr. Wisam M.
Rahim. Therefore, IJAP has started to use new email
addresses such as info@iraqiphysicsjournal.com in
addition to the Yahoo emails. These procedures have
transferred the work of IJAP to a higher level as the
total number of articles published in 2013 was 43
with 157 pages. In May 2013, IJAP was honored in
the Iraqi Science Day as the best scientific journal
and a certificate was received from the Iraqi Ministry
of Higher Education and Scientific Research.
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In 2014, Dr. W.K. Hamoudi has been named as
the EIC for the second time. The Editorial Board has
decided to release an electronic (online) copy of IJAP,
which was registered as ISSN 2309-1673. IJAP has
published four issues with 39 articles and 177 pages,
which was the highest within 2005-2014. In April
2014, six advisors were selected to join the Editorial
Board of IJAP to include 14 members, while the
Advisory Board contained 19 members, 12 of them
(i.e., 63%) were from foreign institutions. As well, the
Editorial Board has decided to add a new discipline
(Computers and Networks) to the disciplines
dedicated by IJAP. In May 2014, IJAP was honored
again in the Iraqi Science Day as the best scientific
journal and a certificate was received from the Iraqi
Ministry of Higher Education and Scientific
Research.

()
ARG

In December 2014, the Editorial Board of IJAP
has lost its member R.A. Markub, whose name was
highlighted with black in the first issue of volume 11
released in January 2015. In March 2015, the
Editorial Board has decided to add new discipline
(Alternative and Renewable Energy) to the
disciplines dedicated by IJAP. In September 2015,
three new advisors from the United States have
joined the Advisory Board of IJAP. During 2015,
IJAP has appeared in many online libraries and
databases over the world as the number of articles
received from foreign countries continued to
increase. By December 2015, IJAP has published the
maximum number of article (47) with total pages of
168. This was a real achievement. However, IJAP
was excluded from the qualifications for the Iraqi
Science Day because it was not published an Iraqi
academic institution!

In 2016, Dr. R.A. Ismail has been named as the
EIC for the second time. In April 2016, Dr. R.A.
Khamis has replaced Dr. Ismail as the EIC due to
some health difficulties and this was the second time
for Dr. Khamis to be the EIC of IJAP. By December
2016, IJAP has published 28 articles with 154 pages.
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In 2017, the first issue of volume 13 of IJAP was
not released due to some administrative problems
prevented the Editorial Board from preparing it.
Also, IJAP has witnessed a decrease in the number of
received manuscripts and hence published articles.
By December 2017, IJAP has published three issues
only with 11 articles and 132 pages. The
administrative problems have continued during 2018
to cause IJAP to release two issues only of volume
14 with 11 articles and 156 pages. In April 2018, the
Advisory Board of IJAP has lost Dr. M.M. Elias.

In 2019, the administrative work in IJAP was
sufficiently reformed and four issues of volume 15
were released with 28 articles and 168 pages. In
2020, the volume 16 including 4 issues was released
with 20 articles and 168 pages. IJAP has started the
suggestion process for Scopus index as all
requirements were prepared. In 2021, IJAP has
released 4 issues of volume 17 with 23 articles and
132 pages. In July 2021, the suggestion of IJAP was
accepted to be indexed by Scopus. This achievement
would strongly introduce IJAP to the community of
physics and their applications in Iraq and Middle
East.

In January 2022, the Editorial Board has decided
to exclude the discipline of Computers and Networks
from the disciplines dedicated by IJAP as no enough
manuscripts were received during 2014-2021. As
well, IJAP has started the suggestion process for
Web-Of-Science  index. In  August 2022,
[.S.A.RE.S.T, the sponsor and publisher of IJAP,
has been canceled according to an official decision
and IJAP Editorial Board has been informed to
change its publisher within 8 months or IJAP would
be canceled too. This decision posed a real challenge
to the work of IJAP. Immediately, the Editorial
Board began communicating with many parties to
find an alternative publisher for ILS.AREST.
Finally, the Editorial Board of IJAP concluded an
agreement with a U.S. publishing incorporation to
become the new publisher of IJAP for a renewable
period of one year, while IJAP retained a self-
sponsoring capacity. Also, Dr. O.A. Hammadi has
been named as the EIC starting from January 2023
and the Editorial Board was reformed to include 7
members only while the other 6 members were
appreciated for their contributions during 2014-
2022. As well, the Advisory Board was reformed to
include 17 members from foreign institutions and all
dismissed members were appreciated for their
contributions.
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Characterization of
Electrochromism and
Photoelectrochromism of N-
Doped TiO. and Co;0,4 Thin
Films Prepared by DC
Reactive Magnetron
Sputtering: Comparative
Study

In the present work, dc reactive magnetron sputtering technique was employed
to deposit the layers of elelctrochromic and photoelectrochromic. In multilayer
configuration, a nitrogen-doped titanium dioxide thin film as electrochromic
layer (EC) was deposited on indium-tin oxide (ITO) as conducting substrate, and
cobalt oxide as ion storage layer (I1S) was deposited onto the EC layer. In single
layer configuration, cobalt oxide as (EC) layer was deposited on 1TO substrate.
In both configurations, sodium hydroxide (NaOH) was used as electrolyte
solution, while platinum (Pt) sheet was used as anode electrode.
Photoelectrochromic  device (PECD) with multilayer configuration
(glass/ITO/N-dopedTiO2/Cos04/NaOH/Pt) and electrochromic device (ECD)
with single layer configuration (glass/ITO/Co304/NaOH/Pt) were synthesized
and characterized by UV-visible spectroscopy. It was found that the
transmittance varied from 50 to 16.5% within 4 s of response time for single layer
configuration and from 54 to 26.1% within 3 min of response time for multilayer

configuration.

Keywords: Electrochromism; Photoelectrochromic devices; TiO,; Co304
Received: 29 November 2022; Revised: 12 December; Accepted: 19 December 2022

1. Introduction

In the last years, smart windows have gained
considerable attention by the international scientific
community due to significant energy savings [1]. The
phenomenon of color change by chromic materials
due to external stimuli, such as electric field,
pressure, light, ions, solvent, etc., is called chromism.
Chromic materials change the optical properties like
transmission, reflectance, absorption, and emittance
due to these external stimuli [2]. Electrochromism is
the phenomenon exhibited by electrochromic
materials that change color when an electric potential
is applied [3-5]. While Photoelectrochromism is also
the phenomena of changing color of chemical
compounds induced by electrochemical oxidation
and reduction, under the effect of a variation an
electric voltage and/or in the intensity of a light
radiation [6]. This chromic effect can be put to
practical use in the design of “Smart Window”, smart
windows that can control the amount of light passing
through it based on EC materials [7]. These EC
materials are mainly classified into two categories:
anodic and cathodic materials [8,9], anodic EC
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materials, which are coloring under ion extraction
“oxidation process” and cathodic EC materials,
which are coloring under ion insertion “reduction
process” [10]. The inorganic EC materials have a
good electrochemical reversibility, chemical stability
and high coloring efficiency where organic EC
materials display poor durability [11-13]. Titanium
dioxide (TiOy) is an n-type semiconducting material
that has superior properties such as non-toxic, high
stability and strong oxidizing agent (with large
surface area) has very high photocatalytic activity
[14-16]. Due to these properties this material has
been applied in various applications such as solar
cells, sensors, environmental remediation and as
cathodic material of electrochromic devices [17]. As
titanium dioxide does not absorb visible light, there
is several methods to overcome this problem
including the doping with non-metallic elements such
as nitrogen [18-19]. Cobalt oxide (Co3s0a) is one of
the most important metal oxides, p-type
antiferromagnetic semiconductor with direct band
gap between 1.48-2.19 eV [20,21]. This oxide has a
wide range of applications due optical, magnetic,

PRINTED IN IRAQ 5



IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 19, No. 1, January-March 2023, pp. 5-12

electronic, chemical, electrochemical and mechanical
properties  [22-24]. The  preparation and
characterization of cobalt oxides CosO4 have been
extensively studied due to attractive applications in
solar cells, catalysis, batteries, corrosion protective
coatings, magnetic nanostructures and magnetic
storage systems, electrochromic EC devices. C0304
has been reported to be a good anodic coloration
material for the EC application [25,26]. There are
several deposition techniques to prepare oxide thin
films such as sputtering, spray pyrolysis, chemical
vapor  deposition, pulsed laser  deposition,
electrophoretic deposition, sol-gel process, etc. [27-
29]. DC reactive magnetron sputtering technique was
employed for the preparation of the EC thin films
because it provides high purity, high homogeneity
and good control of the structural phase of the
deposited film by controlling the gas mixing ratio
[30].

In this work, the layers of electrochromic and
photoelectrochromic device based on N-doped TiO;
and Cos04 oxides are prepared by dc reactive
magnetron sputtering technique. The optical and
structural characteristics of each layers will be
studied and optimized to synthesis single layer
configuration for ECD and  multi-layers
configuration for PECD devices and compared
coloring-bleaching response for each configurations.

2. Experimental Details

Cobalt oxide was prepared by using dc reactive
magnetron sputtering and more information about the
preparing conditions of cobalt oxide may be obtained
elsewhere [31,32]. A high-purity titanium sheet with
60 mm diameter and 0.5 mm thickness was mounted
on the cathode and glass substrate placed on a heat
sink was placed on the anode. The optimum
preparation conditions include discharge voltage of
2.5kV and discharge current of 45 mA, while the
distance between the target and the substrate was
fixed at 4 cm. N-doped TiO, thin films were prepared
using different Ar:0,:N2 gas mixing ratios (40:40:20,
60:30:10: 43:42:15 and 76:19:5) and deposition time
of 3 hours.0

Co0304 thin film was deposited on ITO substrate
to synthesize the ECD with single layer configuration
(glass/ITO/Co304/NaOH/Pt).  The  single-layer
electrode as the anode and Pt sheet as the cathode
were dipped in an electrolyte solution with
concentration of 0.5 M NaOH. The electrodes were
connected to a 2V dc power supply and in bleached
state, the polarity of the electrodes was reversed. The
PECD with multilayer configurations (glass/ITO/N-
doped TiO2/Co304/NaOH/Pt) was synthesized.
Firstly, N-doped TiO, was deposited on ITO as EC
layer, then a layer of Cos0. was deposited on EC
layer as IS layer. The multilayer structure as the
cathode electrode and Pt as the anode electrode were
immersed in an electrolyte solution with
concentration of 1 M NaOH. These electrodes were
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connected to a 5V dc power supply under xenon light
irradiation. The colored and bleached states could be
obtained when the polarity of voltage is reversed.
Figure (1) shows a schematic diagram of the
experimental system of PECD with multilayer
configuration, which is the same system used for the
ECD with single-layer configuration but without
light source.

Xenon-lamp

Power Supply

electrolyte

Fig. (1) Schematic diagram of the experimental system of
PECD with multilayer configuration

3. Results and Discussion

The crystal structure of the Co0304 thin film
prepared using Ar:O; gas mixing ratio of 60:40 was
investigated by an X-ray Shimadzu Diffractometer
using Cu-Ka source (1.54A). The XRD pattern
shows the diffraction peaks which indicate that the
crystalline structure of these films constitutes a single
phase of Co304 with a spinel-type structure. The
XRD pattern in Fig. (2) shows a major peak at about
37¢ corresponding to crystal plane of (311). This peak
has the highest intensity, indicating the oriented
growth of the sample in the (311) direction. Six peaks
observed at 31.5°, 37.1°, 38.7°, 45.0°, 55.9°, 59.6°,
65.4° and 77.7° are corresponding to (220), (311),
(222), (400), (422), (511), (440) and (533) planes,
which indicate the formation of pure Co3O4 [33].

Figure (3) shows the XRD pattern of N-doped
TiO; thin film prepared using Ar:02:N2 gas mixing
ratio of 40:40:20 after 3 hours of deposition time with
heat sink under the substrate. The diffraction peaks
observed at 22.4°, 38.5°, 53.1°, 63.2°, 70.7°,76.3°
and 77.9° are assigned to A(101), A(104), A(105),
A(204), A(220), A(215) and A(206) planes of anatase
phase, respectively. Other peaks observed at 35.3°
and 42.1° are corresponding to TiN(111) and
TiN(200) according to JCPDS card no. 38-1420 [34].
The diffraction peaks assigned at 36.2° and 40.3°
corresponding to crystal planes (101) and (111) were
confirmed for the rutile phase according to JCPDS
card no. 88-1175 [35]. No peaks belonging to other
compounds or impurities were observed, which can
be considered as an advantage of the sputtering
technique used in this work and the fine control of
gas mixing ratio.
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Fig. (3) XRD pattern of N-doped TiO, thin film prepared using
gas mixing ratio of 40:40:20

The nanoparticle size of the synthesized
nanostructured layers were studied by field-emission
scanning electron microscopy (FE-SEM). The image
in Fig. (4a) with scale of 500 nm shows that the
Co304 nanoparticles are spherical with minimum
particle size of 37.32 nm, while the image in Fig. (4b)
with the same scale shows the N-doped TiO;
nanoparticles with minimum particle size of 28.09
nm. The aggregated particles indicates good
connectivity between these nanoparticles. The
nanoparticles can form complex assemblies referred
as aggregates, which typically consist of particles in
the nanoscale (5-50 nm). They are held together by
weak forces arising from the van der Waals force,
which leads to an electrostatics effect through the
residual charge of the structure. Ambient humidity
plays an important role in determining the
fundamental mechanical response and dynamics of
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these assemblies [36]. The FE-SEM image indicates
that the prepared nanoparticles are uniformly
distributed. This type of morphology is beneficial to
use these nanostructures for EC and PEC devices and
supercapacitor application [37,38].

Figure (5) shows the FTIR spectrum recorded in
the range 400-4000 cm? for the CosO, sample
prepared using gas mixing ratio of 60:40 after
deposition time of 1 hour. Two strong peaks were
observed, the first at 572.82 cm™ was assigned to Co-
O stretching vibration mode, in which Co® is
octahedrally coordinated, and the second peak at
663.47 cm was assigned to bridging vibration, in
which Co?* is tetrahedrally coordinated [39]. This
further confirms the formation of Co304. The peaks
seen at 1571.88 and 3436.91 cm are ascribed to the
OH stretching and bending modes, respectively, of
water adsorbed by the Co3z04 sample. The peaks at
2408.93 and 1423.37 cm™ are characteristic of
asymmetric vibrations of CO, and CO?, respectively,
which were also adsorbed from the air [40].

(b)
Fig. (4) FE-SEM images of (a) CosO, sample prepared using
60:40 gas mixing ratio, and (b) N-doped TiO, sample prepared
using 40:40:20 gas mixing ratio
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For the N-doped TiO; sample prepared using gas
mixing ratio of 40:40:20 after deposition time of 3
hours, the peak seen at 408.91 cm™ is assigned to Ti-
O-Ti bonds in the TiO, lattice, while the bands
ascribed to Ti-O symmetric and asymmetric
stretching vibration modes were observed around 447
and 667 cm?, respectively. The band at 870 cm™ can
be ascribed to the vibration of surface absorbed N-O,
whereas the Ti-N vibration bands can be observed at
around 1250 cm™ in the range of 1080-1474 cm™?
[41,42]. The peak at 3450 cm™ is attributed to the
stretching and bending vibration of the OH group in
water molecules in the atmosphere [43].

Transmittance (%)

60 T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm-!)

Fig.(5) FTIR spectra of CosO, sample prepared using gas
mixing ratio 60:40 and N-doped TiO, sample prepared using
gas mixing ratio 40:40:20

The UV-visible absorption spectra within the
spectra range of 400-700nm for the Co304 thin films
prepared using different gas mixing ratios are shown
in Fig. (6). The absorbance is increasing with
increasing oxygen content in the gas mixture and this
may be attributed to the formation of more Co304
nanoparticles. Also, due to increasing oxygen content
in the gas mixture, the measurements show very
slight blue shift in the absorption edge towards
shorter wavelengths [44]. The weak absorption band
around 650 nm can be ascribed to the band gap
energy transition p(0O%*)—t(Co?*) [45]. The
absorption spectra within the spectral range of 300-
700 nm for the N-doped TiO; thin films prepared
using different doping concentrations of nitrogen are
shown in Fig. (7). It is clear that the optical absorption
edges are shifted towards longer wavelength (red
shift) by increasing the concentration of nitrogen, as
they interstitially occupy some positions of oxygen in
the TiO; lattice [46,47].

The Tauc’s equation can be used to determine the
energy band gap from the relationship between the
photon energy and absorption coefficient as [48]:
(ahv)™ = A(hv — Eg) (2)
where A is a constant, Eg is the energy band gap and
n is a constant, taking values of 0.5 or 2 for indirect
and direct allowed transitions, respectively
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Fig. (6) Absorption spectra of Co30, thin films prepared by
using different gas mixing ratios
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Fig. (7) Absorption spectra of N-doped TiO, thin films

prepared using different concentrations of nitrogen in the gas
mixture

In accordance to the results of absorption, figure
(8a) shows that the energy band gap of Co304 thin
film prepared by using 60:40 gas mixing ratio and 1
hour of deposition time is 2.15 eV [49], while figure
(8b) shows the energy band gap of N-doped TiO-thin
films prepared using different concentrations of
nitrogen (5, 10, 15 and 20%). The energy band gap
was shifted to lower energies and decreased to 2.94
eV due to the contribution of nitrogen dopants in
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TiO, nanostructures. The lowest value of Eg was
obtained for the sample doped with the highest
concentration of nitrogen (20%) as its values were
3.03, 3.12 and 3.17 eV for concentrations of 15, 10
and 5%, respectively.

1.2E+18
1E+18
S BEHT -
3
L
3 6E+17 A
z
2 4EHT 1
2E+17 A
0 +———r—7T"T—T"—"T
2 21 22 23 24 25 26 27 28 29 3
Photon energy hv (eV)
@
40
—— 20% - Nitrogen
—— 15% - Nitrogen
—— 10% - Nitrogen
30 | 5% - Nitrogen
g
N><
E
L
E 20 -
2
K=
10 .
0 : SN A S : .

24 26 28 3 32 34 36 38
Wavelength (nm)
) o (b)
Fig. (8) Determination of energy band gap for (a) Co;O4 sample
prepared using gas mixing ratio of 60:40, and (b) N-doped
TiO, samples using different concentrations of nitrogen in the
gas mixture

Figure (9a) shows the optical transmission spectra
of single-layer device (ECD)
(glass/ITO/Co304/NaOH/Pt) in the visible region
(400-700nm). At colored state, the transmittance
decreased to 16.5% as a voltage of +2V was applied.
By applying reverse voltage of 2V, the transmittance
increased to 50% (bleached state). Colored and
bleached states were obtained by redox process
within 4 s for each state. The optical transmittance
modulation (AT = T, — T,) is 33.5%.
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(b)
Fig. (9) Transmission spectra of (a) ECD based on Co;04as EC
layer, and (b) PECD based on N-doped TiO, as EC layer with
different concentrations of nitrogen and Coz;O, as IS layer. The
attached photos are for PECD based on N-doped TiO, as EC
layer with 20% nitrogen and Co30, as IS layer

For the PECD with multilayer configuration
(Glass/ITO/N-doped TiO2/Cos04/NaOH/Pt), when a
voltage of -5V was applied, the transmittance was
measured to be 43.2, 41, 36.7 and 26.1% (colored
state) for the samples with nitrogen concentration of
5, 10, 15 and 20%, respectively, under xenon light
irradiation, as shown in Fig. (9b). By reversing the
voltage polarity (bleached state), the transmittance
was increased to 54% for the sample with nitrogen
concentration of 20%. These states were obtained
within 3 minutes, therefore, the optical transmittance
modulation (AT=Tp-T¢) is 27.9%.

4. Conclusion

In concluding remarks, the layers of PEC and EC
devices with different configurations were
successfully synthesized by dc reactive magnetron
sputtering technique. The concentration of nitrogen
in N-doped TiO, samples plays an important role in
increasing the efficiency of the N-doped TiO; as EC
layer. The EC device with single layer configuration
has a higher coloring efficiency and longer response
time than the PEC device with multilayer
configuration, as the response time was 4 s for EC
device and 3 min for PEC device for both coloring
and bleaching states.
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1. Introduction
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Isolation of Fungi from
Petroleum-Contaminated Soil
and Evaluation of Their Ability
to Degrade Crude Oil

Petroleum waste is a significant problem facing the environment caused by
excessive and random use of petroleum or its derivatives. Interestingly,
microorganisms have become the main factor in petroleum degradation. In this
study, fungi were isolated from petroleum waste soils and evaluated for their
ability to degrade moderate crude oil (MCO) and light crude oil (LCO) as the first
step of environmental cleanup from petroleum waste. Twenty-one petroleum
contamination sites in the north of Baghdad were studied. The serial dilution
method was used to isolate fungi from soil. Colony forming units (CFU) of fungal
community and the percentage of fungal genera and species frequently isolated
per site were calculated. The physiochemical characteristics, electrical
conductivity (EC), hydrogen ion (pH) and soil temperature were measured. Based
on their growth rates, ten fungal species isolated from the contaminated soils
were evaluated for their ability to decompose crude oil samples in the solid media.
The American Petroleum Institute gravity (APl gravity), asphaltene, saturated,
aromatic, and other characteristics of both crude oils were determined by gas
chromatography-mass spectrometry (GC-MS).

A larger number of fungi were recorded from the contaminated soils. Aspergillus
species was the most common genus recorded. Site S13 recorded the highest
number of fungal communities (115x108 CFU/gm). The pH ranged from 7 t0 9.3,
EC ranged from 0.1 to 0.8, and temperature between 22.4 to 24.9 °C. All ten
fungal species could decompose crude oil. Through growth rate, Paecilomyces
variotii had the highest ability to decompose the two types of oil crude (FGR at
7.8) followed by Fusarium pallidoroseum (FGR at 6.5 of MCO and LCO at 7.2).
While Aspergillus flavus had the lowest growth on the MCO medium (FGR at
4.8) and Emericella nidulans had the lowest growth on the LCO medium (FGR
at4.5).

Keywords: Biodegradation; Aspergillus; Paecilomyces variotii; Physiochemical properties
Received: 26 December 2022; Revised: 18 January 2023; Accepted: 25 January 2023

Existing research mentions the critical role of

Pollution is a central threat to ecosystems, human
health, and other organisms [1]. Hydrocarbon
pollutants are one of the most common environmental
problems causing water and land pollution [2].
Petroleum is a complex mixture of hydrocarbons and
other organic compounds [3]. Indeed, petroleum
contamination changes some physicochemical
characteristics of the surrounding environment, such
as pH, EC, and temperature [4]. Large concentrations
are also highly toxic to many organisms, including
humans [5].

The interest in the biodegradation or
bioremediation of pollutants has grown significantly
due to the need to find sustainable means for
environmental cleanup [6]. Bioremediation attempts
to utilize the endurance features of microorganisms
and their significant ability to eliminate many
pollutants, including petroleum and other toxic
pollutants [7]. Recently, the main mechanism used to
clean up environments polluted by petroleum
products is microbial degradation [8].

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

© ALL RIGHTS RESERVED

fungi in the bioremediation of crude oil-polluted soils
or water [9-11]. Fungi are important organisms with
high capability for hydrocarbon degradation,
particularly in soils. The main objective of this study
was to evaluate the ability of fungi isolated from
petroleum-contaminated soil to biodegrade petroleum
hydrocarbons. Subsequently, these fungi could be
used for environmental cleanup from petroleum
waste.

2. Materials and Methods

2.1 Samples Collection

Twenty-one petroleum-contaminated sites in Al-
Taji north of Baghdad were sampled (Table 1). At
each site, six to seven small samples (approximately
150 g each) were randomly collected from the soil
surface (0-30 cm depth) and combined in sterile bags.
At each site and 200 meters away from pollution
point, uncontaminated soil was also collected and
combined together at one sample. These were
transported immediately to the laboratory.
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Table (1) Site number, GPS details and soil type for each of
the 21 sites sampled

Site No. GPS site Type of soil
S1 33.584954 44.277516 Loam
S2 33.564359 | 44.248677 Loam
S3 33.58714 44.320088 Loam
S4 33.517429 44.283009 Loam
S5 33.556921 44.88252 Loam
S6 33.524299 44.199925 Loam
S7 33.489947 | 44.210225 Loam
S8 33.465892 44.196492 Loam
S9 33.430944 44.193745 Loam
S10 33.59738 44.320088 Loam
S11 33.420628 44.223957 Loam
S12 33.416616 | 44.272709 Loam
S13 33.569853 44.232185 Loam
S14 33.538953 | 44.274757 Loam
S15 33.539677 | 44.281312 Loam
S16 33.536954 44.280228 Loam
S17 33.535454 | 44.278533 Loam
S18 33.502735 | 44.315612 Loam
S19 33.407218 | 44.182746 Loam
S20 33.412377 44.27201 Loam
S21 33.413658 44.277568 Loam

2.2 Isolation and Identification of Fungi

For fungal isolation, the serial-dilution method
was used. 1ml dilutions of 10-6 and 10-3 were plated
onto 10 cm diameter Petri-plates containing potato
dextrose agar (PDA) prepared according to the
manufacturer’s (MilliporeSigma) instructions (39g
inlleter). The plates were incubated in the dark at
25°C for 7 days and the number of colony-forming
units was recorded. Fungal isolates were identified
according to microscopic observations and cultural
characteristics, and were classified according to
taxonomic keys [12-23].

2.3 Primary Screening procedure

The enrichment procedure was used to estimate
the biodegradability of isolated fungi using the
modified Hanson technique [24]. A 0.5 cm diameter
disc of these fungi (7-days-old) was transferred to
Bushnell Haas agar medium (Magnesium sulphate
0.2, Calcium chloride anhydrous 0.02, Potassium
dihydrogen phosphate 1, Dipotassium hydrogen
phosphate 1, Ammonium nitrate 1, Ferric chloride
0.05, Agar 20) in Petri dishes supplemented with
0.1% (v/v) of Tween 80, 1% MCO, or LCO. MCO
and LCO were obtained from the Basrah refinery, and
their properties were analyzed by GC-MS. All Petri
dishes (3 replicates of each species) were incubated
for 20 days at 30+2°C. Fungal growth rates (FGR)
were calculated by measuring the diameter of growth
after 20 days.

2.4 Physicochemical properties of soil

Physical-chemical properties of the contaminated
soils were tested in the laboratory [25]. The soil
extract was a 1:1 (W/V) soil/water mixture. The pH,
temperature, and electrical conductivity (EC) of each
soil were measured using a pH and temperature meter
(pH meter S400) and EC meter (TDS Meter, BEP-

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

© ALL RIGHTS RESERVED

M510). These results were compared with
uncontaminated soil collected from the same area.

2.5 Data analysis

The average colony growth of each site was
calculated. In addition, the ratio of each genus and
species, the number of each isolate of each genus, and
species and CFU were calculated according to the
equations shown in the Appendix [26]. Multiple
regression analysis was used to calculate the
interaction between soil physicochemical properties
and the presence of fungi, variation in fungal
communities and colony forming units.

3. Results

Eight fungal genera and ten species were isolated
from the 21 contaminated sites. These were
Aspergillus flavus, A. terreus, A. niger, Paecilomyces
variotii, Bipolaris hawaiiensis, E. nidulans,
Fusarium pallidoroseum, Cladosporium herbarum,
Ulocladium atrum, and Penicillium chrysogenum. In
contrast, Trichoderma harzianum and A. niger were
isolated from the uncontaminated soil samples.
Aspergillus was the most frequently isolated genus at
57%, followed by Penicillium chrysogenum at
23.81% (Fig. 1), whereas four genera, Paecilomyces,
Bipolaris, Fusarium and Ulocladium were less (<
5%) frequently recorded (Fig. 1). A. flavus and P.
chrysogenum were the most frequently (23.81%)
isolated species (Fig. 1).

 Aspergitius sp. i

v
Bipotaris hawatiensis \ -
Emericella nidulans | b /
) | 4 1529 Aspergitlus flaves
Fusarhu palidoroscurn . s715 a1
srcimm— L
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= Aspergillus terreus
Cladasparium herbarum Asperdi
% b B Aspergiilus alger
B Ulediadium atrum ness
N

B Penicilium chrysogenum ars <1429 v ——

= Paecilomyces variatit e

Fig. (1) The percentage of fungal genera and species most
frequently isolated from soils contaminated with petroleum
waste

A. flavus also had the highest percentage presence
at sites S4 (Fig. 2). However, A. flavus was the least
capable of degrading the MCO (3+£0.5mm), and with
the second-lowest ability to degrade the LCO
(4.8+0.5mm) in the preliminary screening test (Fig.
3). Out of the Aspergillus species, A. terreus was the
second most frequently isolated at 18.05% and
degraded the MCO (6+0.3mm) and the LCO
(6.5+£0.3mm) (Fig. 3) slightly more efficiently than
the other two species. A. niger had the highest
percentage presence at sites Sis and Si7 (Fig. 2) and
grew on the MCO and the LCO media at 6£0.3mm
and 6.5+0.4mm, respectively (Fig. 3).

P. variotii was capable of degrading both types of
crude oil with growth diameters at 7.8+0.1 (Fig. 3)
followed by F. pallidoroseum, which degraded the
MCO and LCO at rates of 6.5£0.4 mm and 7.240.1
mm, respectively.
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Fig. (2) Heatmap showing the percentage of fungi species
present in each soil black oil waste site. White squares
represent the absence of fungi, and dark red squares represent
the highest rate of presence
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Fig. (3) Mean growth diameter (mm * SE) for ten fungi species
grown on moderate crude oil (MCO) and light crude oil (LCO)
media over 20 days at 25°C in the dark

The CFU values varied significantly between sites
(Table 2). The highest number of CFU was recorded
at site Sz at 106x10® CFU/qg soil, followed by site Ss
at 10x10® CFU/g soil (Table 3). At the same time, no
fungi were recorded at eight of the 21 sites.

Table (2) Fungi species, their number and colony forming
units that were isolated from each contaminated oil site

Site No. | No. fungi Fungi CFU x10°
S1 1 Paecilomyces variotii 1
S2 0
S3 0
sS4 2 Aspergillus flavus 0.03
Aspergillus terreus
S5 4 Bipolaris hawaiiensis 10

Emericella nidulans
Fusarium pallidoroseum
Penicillium chrysogenum

S6 1 A. flavus 1
S7 2 A. flavus 1
P. chrysogenum
S8 0
S9 0
S10 0
S11 0
S12 2 E. nidulans, A. terreus 2
S13 2 A. terreus, P. chrysogenum 106
S13 A. terreus, P.chrysogenum
S14 2 A. terreus, P. chrysogenum 7
S15 1 A. niger 1
S16 0
S17 1 Aspergillus niger 1
S18 0
S19 4 A. niger, A. flavus 4
E. nidulans, C. herbarum
S20 3 A. flavus, U. atrum 1
P. chrysogenum
S21 1 C. herbarum 1
Total average = 6.5

Regarding soil physicochemical properties, the
pH of all soil sites ranged from 7.0 to 9.2 (Table 3).
In contrast, the pH of uncontaminated soil was 6.5
(Table 3). EC of the sites ranged from 0.12 to 0.8.,
compared to 0.16 in the uncontaminated soil (Table
3). The soil temperatures were calculated
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immediately after they were collected and ranged
from 22.4-24.9°C. This compared to 23.1°C for the
uncontaminated soil (Table 3). The correlation data
showed that the relationship between pH and the
presence of fungi was poor (p < 0.1) with a high
impact (R2 = 0.41) (Table 4 Supplementary 1).

Table (3) Physiochemical properties of the soil at each site

Site No. EC pH °C

Control 0.16 6.5 23.1
S1 0.16 7.2 23.0
S2 0.80 8.9 23.0
S3 0.32 9.2 22.5
S4 0.18 8.4 23.3
S5 0.60 8.8 24.9
S6 0.34 8.9 23.3
S7 0.46 9.0 23.6
S8 0.12 9.1 22.7
S9 0.80 9.1 22.9
S10 0.24 9.1 22.4
S11 0.20 8.4 23.6
S12 0.40 8.9 24.0
S13 0.54 8.0 23.6
S14 0.16 9.1 23.6
S15 0.32 8.9 22.4
S16 0.60 9.0 22.6
S17 0.14 9.1 235
S18 0.20 9.2 23.0
S19 0.18 9.0 24.0
S20 0.18 9.0 23.0
S21 0.32 7.8 23

In contrast, there was no effect of either
temperature or EC on the presence of fungi (Table 4
and Supplementary 1). Concerning variations in
fungal communities and the effect of soil
physicochemical properties on them, the results
showed a small relationship (p < 0.1) with a high
impact (R? = 0.66) between EC and variation in the
fungal communities (Table 5 and Fig. 5c¢). In
comparison, there was no effect of pH and
temperature on the variation of the fungal
communities (Table 5 and Supplementary 2). Finally,
the relationship between soil physicochemical
properties and CFU showed that pH significantly
affected the fungal community (R> = 057, p =
0.0003) (Table 6 and Supplementary 2). At the same
time, EC and temperature had no effect.

Table (4) Multiple regression analysis showing correlation
between the three physicochemical variables and the fungal
species based on their presence or absence. Significant values
shown in bold text

Factor df SS MS | F-value R2 P-value
pH 3 3.14 | 1.05 4.01 0.41 0.07
Residuals 17 | 443 | 0.26
Total 20 | 7.57
EC 3 2.84 | 0.95 3.40 0.38 0.19
Residuals 17 | 473 | 0.28
Total 20 | 7.57
Temperature °C 3 193 | 0.64 1.92 0.25 0.16
Residuals 17 | 569 | 0.33
Total 20 | 7.62
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Table (5) Multiple regression analysis showing correlation
between the three physicochemical variables and the variation
in fungal communities. Significant values shown in bold text

Factor df SS MS | F-value R2 P-value

pH 3 1422|141 7.16 0.56 0.81
Residuals 17 | 3.34 | 0.20

Total 20 | 757

EC 3 | 499 | 166 10.96 0.66 0.07
Residuals 17 | 258 | 0.15

Total 20 | 757

Temperature °C 3 0.59 | 0.20 0.47 0.08 0.26
Residuals 17 | 7.03 | 041

Total 20 | 7.62

The GC-MS results showed differences between
LCO and MCO concerning the aromatic and saturated
compounds (Table 7).

Table (6) Multiple regression analysis showing correlation
between the three physicochemical variables and colony
forming units (CFU). Significant values shown in bold text

Factor df SS MS F-value R2 P-value
pH 3 | 429 | 143 7.43 0.57 | 0.0003
Residuals 17 | 3.27 | 0.19
Total 20 | 7.57
EC 3 1063|021 0.51 0.08 0.44
Residuals 17 | 6.94 | 041
Total 20 | 757
Temperature °C 3 0.64 | 0.21 0.52 0.08 0.60
Residuals 17 | 6.98 | 041
Total 20 | 7.62

Table (7) Geochemical summary of the two crude oils that
were analyzed by GC-MS, including the American Petroleum
Institute gravity (APl Gravity), n-Paraffin/Naphthene (n-P/N)
and percentages of sulfur, asphaltene, carbon isotopes 15, and

aromatic and saturated hydrocarbons

2
<53
o 2 ©
3‘ > = GC) 0 é B
T | 5|88 |s2|3|sE|sE
s [ 2| | |5 & |78|°2
° T & ® :: ©
o < < @
O
LCO | 367 | 089 [ 0.04 | 06 | 539 | 306 | 623
MCO | 27.5 | 048 | 226 | 72 | 359 | 369 | 43.2

4. Discussion

Bioremediation is an important branch of
biotechnology that wuses different organisms,
including microorganisms and plants, to clean up
environments and degrade contaminants to levels
with minimal toxicity [27]. Compared to traditional
bioremediation techniques, fungi are the most
efficient petroleum degraders [28].

The preliminary step for using fungi in
bioremediation and biodegradation of petroleum is
isolating and identifying fungi associated with
petroleum-polluted areas, and conducting primary
screening to evaluate their ability for biodegradation.
This study isolated 10 species belonging to eight
fungal genera from 21 sites with petroleum-
contaminated soil north of Baghdad. They have
previously been isolated from petroleum-
contaminated soils [29-31]. Aspergillus was the most
frequently isolated genus among the eight fungal
genera in this study. Filamentous fungi play a
significant role in biodegrading petroleum and its
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derivatives [32]. Aspergillus and Penicillium are the
filamentous fungi most frequently isolated from
petroleum-contaminated soils worldwide [33].
Aspergillus species have been documented as
possible candidates for biodegradation of a broad
range of petroleum hydrocarbons in the environment
[34, 35]. The main reason for the ability of
Aspergillus to biodegrade petroleum could be that this
genus can degrade both aromatic and saturated
hydrocarbons [33].

In the present study, Aspergillus was represented
by three species, A. flavus, A. terreus and A. niger. A.
flavus was the dominant species at site S and was the
most frequently isolated species. This species was
previously isolated from different petroleum polluted
sites [29, 36]. However, in the present study, A. flavus
was the least capable of degrading the MCO and the
second less capable of degrading the LCO. This
finding is somewhat counterintuitive and contrary to
previous studies, which have demonstrated that A.
flavus has the highest ability to degrade crude oil at
several concentrations of crude oil derivatives [29].
Considerably more work will need to be done to
determine the ability of A. flavus for degrading
different petroleum kinds.

A. terreus was isolated from a petroleum-
contaminated site in a previous study [37], and has a
high capacity to degrade heavy oil [38], and other
aromatic hydrocarbons [39]. In the current study, A.
terreus was the third most frequently isolated species
and degraded both the MCO and the LCO.

A. niger recorded the highest percentage presence
at sites S5 and Si7 and was capable of degrading the
MCO and the LCO. These results reflect those of
Gesinde et al., [40] , who also found that A. niger had
the highest capability of degrading four kinds of
crude oil, Arabian light, Durb oil, Bonny light, and
Escravos light.

Interestingly, P. variotii had the highest capacity
to degrade the two kinds of crude oil. This species
also dominated site S; in this study. A possible
explanation for this might be that P. variotii has a
high capacity to degrade different hydrocarbons,
whether aromatic or saturated. Despite the significant
differences between LCO and MCO concerning the
aromatic and saturated compounds, shown by GC-
MS, P. variotii was capable of degrading them both.
Consequently, P. variotii could be a potential
candidate for eliminating oil spills.

Another species with a strong ability to degrade
the oils was F. pallidoroseum, with the second-
highest capability of degrading the MCO and LCO.
This result is not surprising as Fusarium spp.,
Aspergillus spp. and Penicillium spp. have been listed
as species with significant abilities to biodegrade
hydrocarbons [41, 42].

All the fungal species except E. nidulans could
degrade the LCO more efficiently than the MCO. The
most likely reasons for this result are that LCO
contains many hydrocarbons, which are easy to
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decompose by fungi. Secondly, the density of LCO is
less than MCO; thus, LCO has less viscosity. Thirdly,
MCO has a large amount of asphaltene that could
make it more resist biodegradation [43]. However,
the high ability of some of these fungi, such as P.
variotii and F. pallidoroseum, as biodegraders of
LCO and MCO is an important issue for future
research.

5.1 Fungal community

Petroleum waste degradation through the
microbial community of soil depends on many
factors, including abundance, the kind and catabolic
performance of microorganisms, and environmental
conditions and chemical structure of the compounds
to be biodegraded [44]. On the other hand, crude oil
pollutants are a crucial issue for the abundance of
microorganisms in the soil. In this study, the results
of CFU showed significant variation between the
sites, with the mean total of colony forming units
being 6.5x10% CFU/g soil. This finding is consistent
with that of Cheraghi [4] who mentioned that the
lower populations of fungi and bacteria in petroleum-
contaminated soil could be due to changes in soil
texture and chemical content resulting from the
petroleum wastes. However, the number of fungi in
the soil is still in the accepted range 10° to 108 CFU/g
soil [45]. Site Si3 had the highest number of CFU
followed by site Ss. Whereas at eight of the sites, no
fungi were recorded. This outcome may be due to the
toxicity resulting from the petroleum contaminants
[46, 47], or because the properties of the soil, such as
pH, moisture and organic content, are altered [5, 48].

5.2 Physicochemical properties of soil

Soil physicochemical properties significantly
affect microbial degradation of hydrocarbons [49].
One of the most important factors of soil is pH value
because it affects numerous chemical processes in
soils [50]. The pH is considered a determining factor
in soil pollutants destination, their decomposition,
and leakage in the soil [4] Comparison of the findings
with those of other studies confirms the pH of the soil
was impacted by the wastes in oil crude and its
derivatives [4, 51-53]. The second factor is electrical
conductivity (EC) which represents the concentration
of ions in soil [4]. The fluctuations in the EC results
in current research indicate that oil crude may
influence soil ionic stability. The third factor studied
in this study was soil temperature (°C), and the results
revealed no effect of oil crude on soil temperature.

The most striking results to emerge from the data
are the correlation between soil physicochemical
properties and the presence of fungi, variation in the
fungal communities, and CFU. The results of
relationship between pH and presence fungi revealed
a small relationship (p < 0.1) with a high impact (R2
= 0.41). This outcome confirms that soil pH values
can slightly affect the presence and absence of fungi.
The correlation between soil physicochemical
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properties and variation of the communities showed a
small relationship (p < 0.1) with a high impact (R2 =
0.66) between EC and variation of the fungal
communities. This outcome confirms that the EC
value of soil contributes to some variation in the
composition of the fungal communities in soil. This
finding was not surprising, as EC was reported as one
of the factors affecting the microbial community in
different types of soil [54, 55]. The outcome of pH is
contrary to that of Lloret et al., [55] who found that
pH had the highest impact on the fungal communities.
This could be because fungi can grow in a wide range
of pH [56].

What is interesting in these results is that the
relationship between pH and the CFU was
statistically very highly significant. This result
reflects another study that found that microbial
biomass was impacted by soil pH [57].

Indeed, physicochemical properties could have an
impact on fungi in soil whatever the presence of fungi
or variation in the fungal communities or CFU.

6. Conclusion

The purpose of the current study was to isolate
fungi from soils contaminated with crude oil and
evaluate their capability to degrade two kinds of Iraqi
crude oil (moderate and light). A. flavus, A. terreus,
A. niger, P. variotii, B. hawaiiensis, E. nidulans, F.
pallidoroseum, C. herbarum, U. atrum and P.
chrysogenum belonging to eight fungal genera were
isolated from different soil sites north of Baghdad that
were contaminated with crude oil. This study has
shown that all these species can degrade both kinds of
crude oil. The research has also shown that P. variotii
has the highest ability to degrade the two kinds of
crude oil. This species requires further study. Related
to soil physicochemical properties, pH can influence
the presence of fungi, and has a significant effect on
CFU. Whereas EC can influence the composition of
fungal communities in soil. These findings need
more research in future to determine the best
conditions for fungi to effectively eliminate crude oil
waste.
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Appendix

no. of a genus in the site

% genus presence= 100

no. of all other genera on the site
no. of a species in the site

% species presence= 100
o Sp p no. of all other species on the site
no. of a genus in the site
% frequency of a genus = £ o x100
no. of sites
. no. of a species in site
% frequency of a species = P x100

no. of sites
CFU= (no. of colonies x dilution factor) / volume of culture plate

(a) (b) (c)

Supplementary (1) Multiple regression analysis showing correlation between three physicochemical variables and fungal species based
their presence or absence: (a) correlation between temperature and the presence of fungi, (b) correlation between pH and the presence
of fungi, and (c) correlation between EC and the presence of fungi
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Supplementary (2) Multiple regression analysis showing correlation between three physicochemical variables (a) temperatures (b) pH
and (c) EC and variation of fungal community
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Supplementary (3) Multiple regression analysis showing correlation between three physicochemical variables (a) temperature, (b) pH,
and (c) EC and rate of fungal community (CFU)
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Comparative Study of Gamma
and Beta Rays Exposure
Effects on Manganese
Sulphide Thin Films for Solar
Cell Applications

lonization-radiation such as charged particles and gamma radiation highly
affects the properties of semiconductors' thin films by different mechanisms
including the ionization process, and crystal-defect formation. In this work, the
effect of beta and gamma radiations on the properties of deposited MnS thin films
by spray pyrolysis, and the effect of defect formation on the current-voltage
characteristic of the MnS/Si heterojunction for solar cells application were
studied. The prepared thin films were examined by XRD, FE-SEM, and UV
absorbance before and after exposure to a pure beta source (Sr-90) and gamma
source (Co-60). The results show highly effect of the gamma exposure compared
with the beta radiation on the structural properties by reducing crystallinity. The
surface morphology and optical properties are highly affected by the two
radiations. The photovoltaic properties of Mn/Si heterojunction enhanced with
limited exposure time of beta radiation despite the structural changes which may
be due to the increase of the charge carriers generated, while low enhancement
by gamma radiation.

Keywords: MnS; Beta radiation; Gamma radiation; Structural properties; Solar cells
Received: 22 November 2022; Revised: 22 November 2022; Accepted: 22 November 2022;

1. Introduction

Many researchers are interested in renewable
energy applications such as solar cells to meet the
huge global demand for energy [1], as an alternative
to combustion energy that leads to an increase in
harmful environmental pollution to living organisms
including human beings [2]. There are many effects
that may harm the efficiency of solar cells, such as
exposure to high temperatures [3] or exposure to
ionizing radiation in large doses. Solar cells can be
applied in locations with a high radiation background
such as in scientific [4], and space applications [5].

Photons and high-energy particles are two main
forms of ionizing radiation [6]. Exposure of thin films
to ionizing radiation may lead to changes in their
microstructure, formation of crystalline defects, or
the occurrence of ionization of some atoms that affect
their physical properties such as structural, optical,
and electrical properties [7]. Among the forms of
structural defects in crystalline semiconductors are
atomic displacements that lead to the creation of
interstitial atoms and gaps, lattice stress, and other
crystalline defects [7]. The type of radiation and
energy have a significant impact on the amount of
spatial damage it causes [8]. The material parameters
and, consequently, the performances of the
heterojunctions are altered by these changes [9]. The
nature of this change depends on the type and energy
of the radiation. In the literature, low-dose
irradiation’'s effects on the structural, morphological,
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and optical characteristics of thin films were
investigated. A low dose of radiation may enhance
crystallization [10].

Aklo (2019) studied the effect of irradiation with
fast neutrons on the structural properties of MnS thin
films for use in optical detectors. He observed an
increase in the bandgap energy with increasing doses
[11]. Obodo et al, (2020) investigated the effect of
copper ions radiation with different doses on Co304
NiO-ZnO nanostructures. They showed that low
doses of radiation improve the nanostructure, while
high doses cause structural defects and disorder in the
crystal structure, and increase in the level of the
defects with increasing doses [12].

In this work, a comparison between two types of
radiations namely gamma and beta on the surface
morphology, structural properties, and optical
properties of the prepared MnS thin films by spray
pyrolysis were investigated, and their outcome on the
current-voltage characteristics of heterojunction solar
cells.

2. Experimental Part

Manganese sulfide (MnS) thin films were
deposited on glass slides as shown in Fig. (1) by spray
pyrolysis technique using 0.1 M concentration of
mixed manganese chloride (MnCl2:2H,0) of purity
>99% and Thiourea of purity >99% (Sigma-Aldrich
Co.) at Mn:S of (1:1) atomic ratio in (1:1) alcohol to
distilled water solution. The powders manganese
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chloride and Thiourea were dissolved were dissolved
in distilled water by a magnetic stirrer and then added
to alcohol. The atomizer is fixed at 30 cm above the
controlled temperature substrates at 400°C. The spray
rate was fixed at about 1.5 ml/min using compressed
air at 5 bar pressure by a controlled valve. The thin
film thickness was determined using a reflectance
probe (SR300 Angstrom Sun Technologies) which
was about 25020 nm.

Connccting wire

Electrode

—

MnS thin film

Si wafer

Backing \

electrode

-

Connecting wire
Fig. (1) Schematic diagram of MnS/Si solar cell device

Strontium-90 source (Sr-90) of pure beta radiation
of 545.9 keV was used to irradiate the thin films
sample at a distance of 5 cm for 3 days inside a
shielded zone. Gamma exposure was done using Co-
60 for 2 days.

The as-prepared MnS thin films and the irradiated
samples were tested by the XRD (Shimadzu XRD
6000), FE-SEM and EDS (Inspect F50), and UV
visible spectroscopy. Heterojunctions of MnS/ n-type
Si wafer were prepared based on the as-deposited and
the exposed- samples. Aluminum comb-like
electrodes at the front of the MnS surface and back
electrode were deposited by thermal evaporation
under high vacuum by Edward coating unit using
appropriate masks. The [-V characteristics were
determined in dark and under a halogen lamp of 100
mW/cm? irradiance using a Keithley electrometer.

3. Results and discussions

Figure (2) illustrates the XRD patterns for the as-
deposited MnS thin film on glass slides, beta-
exposed, and gamma-exposed samples. The pure
phase of polycrystalline cubic MnS structure
appeared for the three patterns according to the
JCPDS card No. 96-900-5946. The crystallinity was
reduced, while line broadening increased for the
exposed sample indicating a reduction in the
crystallite size. The preferred orientation was along
(200) direction at 36.67°. Crystallization drops after
beta exposure and is more affected by gamma
radiation. The diffraction lines were widened after the
two types of radiation due to decrease in the
crystallite size, according to Scherrer’s principle [13].
In addition to a few shifts of diffraction angles for the
irradiated sample due to the creation of some lattice
strain as a result of defects formation [14].
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Fig. (2) XRD patterns for as-prepared MnS thin films and after
exposure to beta and gamma radiations compared with the
standard diffraction lines

The interplanar spacing (dna) was determined
according to Bragg’s law [15]:
nAd = 2dyy,; sinf (D)
where 0 is the diffraction angles, A is the used
wavelength of x-ray tube for Cu-K, transition, and n
is the diffraction order.

The crystallite size (D) was determined using

Scherrer’s formula [15]:
0.94 A

= FWHM Cos6 (2)
where FWHM is the full-width at half maximum, and

the lattice strain is given by the following equation
[16]
= w ©)

Table (1) illustrates the XRD parameters
including 26, dna, FWHM, D, and Miller indices for
the diffraction lines for MnS thin films before and
after exposure to beta and gamma rays. The average
crystallite size for the as-prepared thin films was 22.1
nm and reduced to 20.5 nm after exposure to beta
radiation and to 18.1 nm after exposure to gamma
radiation. The lattice strain increased after the
exposure due to the increase of lattice defects [17].

Table (1) XRD characteristics of as-deposited MnS thin films
and after exposed to beta and gamma radiations compared
with the standard dna values

20 FWHM | dh Exp. D

(Deg) | (Deg) (A) | (nm)
31.6200 | 0.3840 | 2.8273 | 215
36.6700 | 04110 | 2.4487 | 204
Before 52.9110 | 0.3960 | 1.7291 | 224
66.0690 | 04210 | 14130 | 225
78.0228 | 04310 | 1.2237 | 237
316251 | 04224 | 2.8269 | 195
36.6756 | 0.4521 | 24484 | 185
Beta exposed 52.9216 | 0.4356 | 1.7287 | 204
66.0721 | 04631 | 14130 | 205
78.0228 | 04310 | 1.2237 | 237
316302 | 04608 | 2.8264 | 17.9
36.6812 | 04932 | 24480 | 17.0
52,9322 | 04752 | 1.7284 | 187
66.0751 | 0.5052 | 1.4129 | 188

Sample

Gamma exposed
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(continued)

20 dri Std.
(Deg) (A)
31.6200 | 2.8261 | (111)

36.6700 | 2.4475 | (200)

Before 52.9110 | 1.7306 | (220)
66.0690 | 14131 | (311)

78.0228 | 1.2237 | (400)
31.6251 | 2.8261 | (111) | 1.77
36.6756 | 24475 | (200) | 1.87
Beta exposed 529216 | 1.7306 | (220) | 1.70
@311)

(400)

(1)

(200)

(220)

(311)

hkl | ex10°

1M 1.61
200) | 1.70
220) | 1.55
311 1.54
400) | 1.46

Sample

66.0721 | 1.4131 311 1.69
78.0228 | 1.2237 | (400 1.46
31.6302 | 2.8261 11 1.93
36.6812 | 2.4475 | (200) | 2.04
52.9322 | 1.7306 | (220 1.86
66.0751 | 1.4131 311 1.85

Gamma exposed

The FE-SEM images of the deposited MnS thin
film and samples exposed to beta for 3 days and
gamma radiation for 2 days were shown in Fig. (3).
The as-prepared film has shown a rough surface with
small scattered nanoparticles at different dimensions
staked on its surface. The sample surface converted to
an extremely porous structure after the beta exposure.
The surface nanostructures were reduced in number
after the gamma exposure and the film became less
cohesive and appeared intermit.

Fig. (3) FE-SEM image for as-prepared MnS thin films at two
magnifications (A), exposed sample to beta radiation for 3 d
(B), and exposed sample to gamma radiation for 2 d (C)

The quantitative element analysis is implemented
by energy-dispersive x-ray spectroscopy (EDS)
which based on the principle that each element has
unique emitted lines of electromagnetic emission
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after excitation by x-ray. Figure (4) shows the EDS
spectra for the as-deposited MnS samples on glass
substrates, the sample exposed to beta radiation for 3
days, and the sample exposed to gamma radiation for
2 days. The spectra show emitted lines for manganese
metals (Mn), sulphur (S), and oxygen (O) come from
oxidized states and chlorine element as a residual
element from the started precursors. Additional
emitted lines corresponding to glass substrate such as
silicon (at about 1.7 keV) and other trace elements
have appeared as well. The peak intensities vary
according to their existence in the samples. The EDS
map shows decreasing distribution density for Mn
and S after the irradiation process.

We note that after using the gamma rays the thin
film was greatly affected, which made the intensity of
Mn and S lines reduced after exposure to both beta
and gamma rays (The highest affected by v), and the
Si peak was dominant. Table (2) lists the atomic and
weight percentage for the elements. The EDS map for
the Mn and S elements were shown next to the figure.
It seems that the uniformly distributed of both
elements over the sample surface.

20k {A)

Si

Intensity (a.u)
=

Sk

Fnergy 10kev

(B)

Mn

Mn S

Intensity (2.1}
2

| .CIC fMn

oev 5 ke Encrgy 10 kev
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Fig. (4) EDS analysis for the as-deposited MnS sample on glass
substrates (A), exposed sample to beta radiation for 3 d (B),
and exposed sample to gamma radiation for 2 d (C)

Table (2) Quantitative EDS analysis for the as-deposited MnS
thin films on glass substrates, exposed to beta radiation for 3
d, and exposed to gamma radiation for 2 d

As- deposited | Beta exposed | Gamma exposed
At.% | Wt.% | At.% | Wt.% | At % | Wt.%
c 5.10 188 | 6.25 2.24 5.31 2.50
o 8.60 371 340 142 17.10 8.38
Si 25.50 | 22.09 | 14.00 | 1210 | 30.20 27.30
S 29.80 | 15.43 | 33.65 | 17.30 | 20.32 11.53
Cl 3.20 3.31 8.24 8.53 4.47 5.73
Mn 27.80 | 53.58 | 34.46 | 5841 | 22.60 44.56

Element

Figure (5) shows the UV-visible absorption
spectra for the as-prepared and the irradiated MnS
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thin films with beta and gamma. The absorption was
slightly increased after irradiation due to crystal
defects that act as scattering centers [18], while
gamma rays reduce absorption may be due to the
decomposition of thin films creating gaps that allow
light to pass through and get trapped inside the film.

35 1

1 As deposited
30 3 Beta exposed
] Gamma exposed

2.5

g
o
1

Absorbance

-
3,
1

—_
o
1

0.5 1

200 300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

Fig. (5) Absorption spectra the as-prepared MnS thin films and
the irradiated sample with beta and gamma

The optical bandgap energy (EJP") were
measured using Tauc’s formula, as shown in Fig. (6).
The value of (E;7") decreased from 3.14 to 2.90 eV
after exposure to beta radiation due to the creation of
defect levels near the valence and conduction bands
leading to narrow the bandgap energy. On the other
hand, the value of (E;P") increased to 3.30 eV after
exposure to gamma radiation due to a high reduction
in crystallite size as a result of the quantum
confinement effect [19].

The Urbach energy (E,) is created near the
absorption edges by structural defects. It is
proportional to the density of crystallinity defects. In
this region, the absorption coefficient is given by [7]

hv
@ =a, exp(;) @)

Here, E, is equal to the inverse of the slope of the
linear part of the logarithm of the absorption
coefficient (Lna) against photon energy (hv), as
presented in Fig. (7). E, increased from 1.22 to 1.26
and 1.28 eV after exposure to beta and gamma
radiation, respectively, indicating the formation of
defect states near the valance and conduction bands
with a higher effect of gamma rays than beta particles.
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Fig. (7) relationship of Ln(a) against A for as-prepared MnS
thin films and after 3d exposure to beta and gamma

Hall effect measurements for as-deposited MnS
thin film on glass slides and the irradiated samples by
beta and gamma radiations were shown in Table (3).
By using of Hall effect the charge carrier (ny) and
mobility (un) were determined. All samples appeared
as p-type. In all samples, the charge carrier
concentration increases after beta irradiation as a
result of creating more new charge carriers by
ionization. While, the mobility (un) has the opposite
behavior as decreased for all samples. Such behavior
is expected as a result of increasing the sample
porosity due to displacement and damage effect by
radiation. Reducing the crystalline size cause to
create more grain boundaries against conducting the
charge current [20]. A few factors, including particle
size, content, defects, and surface roughness, affect
the conductivity of thin films. The electrical
characteristics of the films would alter if these
properties changed [21]. Though reducing the carrier
mobility the conductivity of the sample increased as
a result of increasing the carrier concentration.
Gamma irradiation has the same manner as beta
irradiation but with a higher effect on all samples due
to its higher penetration ability.
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Table (3) Hall effect parameters for the as-deposited Sn,S;,
CusS,, and MnS thin films and irradiated samples with beta

and gamma
Ru nx1013 M ORT
e emsc) | (em?) | (emivs) | (@tem)
As deposited 2100 2.98 37.80 0.018
Beta irradiated 910 6.87 30.94 0.034
Gamma irradiated 770 8.12 16.17 0.021

The 1-V characteristics of the prepared MnS/n-Si
heterojunction before and after exposure to beta and
gamma radiation, in dark and under the illumination
of simulated solar power of 100 mW/cm? were
illustrated in Fig. (8). The non-ideality factor of the
junctions was calculated from the slope of the linear
part of Ln(l) against V, for the forward part of the
dark curve as shown next to the 1-V curves.
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Fig. (8) I-V curves (in dark and under illumination) and the
non-ideality factor calculation for MnS/Si heterojunction and
after exposure to beta and gamma radiations

The maximum power point was determined by
plotting the power against voltage (P-V) as shown in
Fig. (9). The maximum points for the as-prepared,
beta-exposed, and gamma-exposed heterojunctions
were 1.00, 4.56, and 1.41 mW at 0.37, 0.22, and 0.18
V, respectively.

The fill factor is calculated according to the
relation:

FF = m/m (5)

ISCVDC

where In, Vi, Isc and Voc represent the current and
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voltage at maximum harvesting power, short current
circuit, and open-circuit voltage, respectively. The
maximum harvesting efficiency is calculated using
the following relation;

max = 5 ¥100% (6)
where Py is the maximum power and Pi, is the input
solar power

Before 1

P (mW)

0.6 0.7

V(V)
Beta exposed =
£
=

0.6 0.7
V(V)
Gamma exposed 5
18 =

z
El 6
& 14 -
12
1
08 -
06 *

04 *

0.6 0.7
V(v)

Fig. (9) P-V characteristics under illumination for the
fabricated MnS/Si heterojunction and after exposure to the two
radiations

The photovoltaic parameters are illustrated in
Table (4). The samples exhibit photovoltaic effects
with different efficiencies depending on the active
layer properties. The efficiency increased from 1.01
to 4.55% after the beta irradiation process. These
values are comparable with previously achieved
efficiency for photovoltaic based on manganese
sulfide thin films [22]. A noticeable decrease in the
open-circuit voltage after beta irradiation, is caused
by the creation of localized states in the bandgap due
to the structural defects formation. On the other hand,
we notice a significant increase in the short circuit
current from 4.40 to 30.00 mA and to 14.00 mA after
beta and gamma irradiation, respectively, which due
to the emergence of additional charge carriers in the
sample after irradiation, as shown by the Hall effect
test, which contributes in transfer the electric current.
Despite all the changes in the structural and optical
properties, the efficiency enhanced, which may be
due to the increase of the charge carriers generated
due to the ionization process when exposed to
radiation [23]. After gamma exposure, the efficiency
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becomes 1.41% for the MnS/n-Si heterojunctions.
Further decrease in the open-circuit voltage was
observed after gamma irradiation that may be
attributed to its high effect to form structural defects
and hence localized states within the bandgap. Some
increment in the short circuit current is due to the
emergence of additive charge carriers by the
ionization process of some lattice atoms by gamma
radiation, which contribute to electric current. The
values of the non-ideality factor were acceptable in
all samples. A clear correlation can be observed
between the Vo and Ey, where the increase in the E,
of the cause to reduce the V. This implied that the
value of Ey is an indicator of the quality of the
heterojunction solar cell [24,25].

Table (4) Photovoltaic parameters for the MnS/Si
heterojunction and after exposure to the two radiations

Isc Voc Im Vi H
Sample F.F B
(mA) | (V) | (mA) | (V) (%)

Before 440 | 063 | 272 | 037 | 0.36 | 1.01 | 6.04

Beta 30.00 | 043 | 20.70 | 0.22 | 0.35 | 4.55 | 1.03

Gamma | 14.00 | 0.34 | 7.82 | 0.18 | 0.30 | 1.41 | 1.08

4. Conclusions

The exposure of MnS thin films prepared by spray
pyrolysis to beta and gamma radiations causes
noticeable crystallite defects including displacement
of atoms from their sites. Limited exposure of thin
film semiconductors to ionization radiations cause
controlled defect which can enhance or retard their
physical properties. The result shows great effect of
gamma ray compared with beta radiation exposure on
structural properties and surface morphology of the
prepared MnS thin films, by reducing the
crystallization and minimizing the crystallite size.
The light absorbance increased with beta radiation
due to scattering from the created defect centres while
it decreased with gamma radiation. The optical
bandgap reduced with beta radiation and increased
with gamma radiation as a result of the quantum
confinement effect. Urbach edge increased after
exposure to both types of radiation. The photovoltaic
performance of MnS/Si heterojunction enhanced with
limited exposure time to beta radiation despite the
structural changes which may be due to the increase
of the charge carriers as a result of vacancies
formation.
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Investigation of Some Structural

Hiba S. Rasheed

and Optical Properties of PMMA-

PVA/PDA Nanocomposites

The poly(methylmethacrylate) (PMMA) and poly(vinylalcohol) (PVA) hybrid films were
doped by different weight percentages of polydopamine (PDA) nanoparticles (0.5, 2, 3.5
and 5 wt.%) prepared by solution cast method. The structural and optical characteristics
of nanocomposites have been investigated. The optical properties of PMMA-PVA/PDA
nanocomposites revealed that the coefficient of extinction, coefficient of absorption,
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absorbance, index of refraction, imaginary and real dielectric constants of PMMA-PVA
blend increased as the polydopamine concentrations of nanoparticles increased, while
the energy band gap and the transmittance decreased. The indirect allowed energy gap

decreased from 3.58 eV to 3.18 eV and the energy indirect forbidden gap reduced from
2.9 eV to 2.4 eV. The findings of applications for PMMA-PVA/PDA nanocomposites
reveal that the x-ray attenuation coefficients increase with the concentration of
nanoparticles, which is connected to the absorption or reflection of x-ray by PMMA-

PVA/PDA nanocomposites.
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1. Introduction

Nanotechnology is one of the most popular areas
for current study and development in virtually all
technological disciplines [1,2]. The including
polymer science and technology, and investigations
in this subject include a wide variety of problems [3].
Polymer nanocomposites have to bring more
significant attention due to its higher effectiveness.
This is imputed to the influence of the nanofillers on
the mechanical, structure and other properties.
Nevertheless, the nanofillers are lighter weight and
less required reinforcements in comparison with other
matrix components. Therefore, many investigations
were focused on the design and model various factors
to improve the mechanical properties of different
nanocomposite materials [4,5]. For instance, G. Han
et al. [6] investigated the effects of acid hydrolysis on
the characteristics of cellulose nanoparticle-
reinforced poly (methyl methacrylate) composites by
assuming that the interaction takes place between the
dispersed particles and the matrix. They discovered
that adding CNPs to the PMMA matrix reduced the
nanocomposites' optical transparency. Rajendran et
al. [7] have focused on the addition of lithium
tetrafluoroborate (LiBF4-x) on the PVA/ PMMA to
fabricate a solid polymer electrolyte film, where X is
EC, PC, DEC and GBL. The solvent casting method
was applied to prepare these films using DMF as a
solvent, then samples were stirred under at 70 °C
temperature until the mixture gets homogeneous. In
other way Yakuphanoglu and Erten [8] used the
spectral measurements across the UV/VIS spectrum
regions to study the behavior of the refractive index
of PMMAV/PVA thin films. Small variations in optical
constants and the influence of PMMA concentration
on the refractive index can be detected using this
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approach. Tripathi et al. [9] have engaged the solution
casting method to fabricate a PMMA/ PVA to
investigate their characteristics and optical properties.
In their work, 100 ml of benzene (CsHg) was used to
dissolve 5 g of PMMA, whereas 100 ml of distilled
water was used to dissolve 5 g of PVA. Yang et al.
[10] have briefly discussed the recent developments
in the fabrication of MOF-polymer composites and
their applications. Due to the fact that the union of
these two distinct components can give birth to a
variety of desired qualities that are not always
provided by the separate components, such
architectures are becoming increasingly popular in
recent literature.

The PMMA polymer was chosen for this
investigation because of various qualities, including
its safety and chemical inertness. It has also been
stated that it is suited for a wide range of imaging and
non-imaging microelectronics and sensors. Since
PVA is commonly blended with other polymer
compounds such as biopolymers and other
hydrophilic polymers. The addition of an inorganic
substance to the polymeric matrix improves the
chemical, structural, and physical characteristics [11]

Polydopamine (PDA), a versatile polymer for
surface modification, was developed after being
inspired by the process of mussel adhesion. Various
PDA-modified nanoparticles have been sought after
as drug carriers due to their unique properties such as
extraordinary adhesiveness, excellent
biocompatibility, low synthesis requirements, distinct
drug loading approach, strong photothermal
conversion capacity, and reactive oxygen species
(ROS) scavenging capability [12].

The aim of this study is to prepare and synthesize
the PMMA-PVA thin film mixture and dope it with
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different concentrations of PDA nanoparticles using
the solution cast method. Then the structural and
optical properties of the prepared nanocomposites
were studied.

2. Material and Methods

Optical microscopy, Fourier-transform infrared
(FTIR) spectrometry and optical properties
measurements were carried out to provide a general
explanation of the materials used in this work. These
materials are PMMA and PVA , while the additive
PDA nanoparticles was purchased as a powder from
Zhengzhou Dongyao Nano Materials company
(China) with a grain size of 50nm and a purity of
99.9%.

The nanocomposites were prepared by dissolving
0.5 g of PMMA with 0.5 g of PVA in 40 ml of pure
chloroform using the magnetic stirrer in order to mix
the materials to make the solution more homogeneous
at room temperature for 30 minutes. After that, the
nanoparticles were gradually added to obtain high
homogeneity between the mixture and the
nanoparticles as the percentage weights of the PDA
nanoparticles added to the mixture were 0.5, 2, 3.5,
and 5 wt.%. Then the mixture was allowed to stabilize
for 15 minutes to get much more homogenous
mixture and avoid cracks in the formed composite.

3. Results and Discussion

Figure (1) shows the images of PMMA-
PVA/PDA nanocomposite samples with different
concentrations of PDA nanoparticles taken at 10X
power of magnification 10x. However, it is shown
very clearly the differences in the samples labeled A,
B,C,DandE.

Fig. (1) Photomicrographs (10X) for PMMA-PVA blend (A)
and for PMMA-PVA/PDA nanocomposites: (B) 0.5 wt.% PDA,
(C) 2wt.% PDA, (D) 3.5wt.% PDA, and (E) 5 wt.% PDA
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This figure shows that at lower concentrations of
PDA nanoparticles, they assemble in a cluster. When
increasing the concentrations of PDA nanoparticles in
the PMMA-PVA mixture, the nanoparticles create a
network of routes.

Throughout investigating the optical properties of
PMMA-PVA/PDA, the effect of adding different
concentrations of PDA nanoparticles can be
determined. This section also identifies the types of
electronic transitions and estimating energy gaps, as
well as the absorption coefficient, extinction
coefficient, and other optical constants.

Figure (2) depicts the absorption spectra of
PMMA-PVA/PDA nanocomposite samples as a
function of incoming light wavelength. This figure
shows that the absorbance for all films is highest at
wavelengths around the fundamental absorption edge
(310nm), then decreasing as the wavelengths get
longer. In the near infrared and visible and regions,
the film absorbance is often low. To explain this
behavior, when incident photons have insufficient
energy to interact with atoms at long wavelengths, the
photon will transmit. The interaction between
incident photon and substance occurs at shorter
wavelengths as the absorbance increases [13-16].
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Fig. (2) Absorbance as function of wavelength for PMMA-PVA

blend and PMMA-PVA/PDA nanocomposites

The absorption characterized as the ratio of the
intensity of light absorbed by the material (14) to that
of light incident on the material as

A=1a 1)

Io
while the transmittance (T) is given by the ratio of
intensity of transmitted light (I1) to the intensity of
incident light (lo) as:

T =T = exp(—2.3034) )

Io

and reflectance (R) can be roughly calculated from
the law of energy conservation by the relation:
R+T+A=1 (3)

Figure (3) illustrates the optical transmittance
spectra of PMMA-PVA/PDA films as a function of
incident  light  wavelength  when different
concentrations of PDA nanoparticles are added. As
this concentration increases, the transmittance
decreases because PDA nanoparticles with electrons
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in their outer orbits may absorb incident light’s
energy and go to higher energy levels. Some of the
incident light is absorbed by the material and does not
pass through it, but the PMMA-PVA mixture has
higher transmittance since there are no free electrons.
This indicates that electrons are bound to atoms by
covalent bonds, because breaking the electron bond
and shifting it to the conduction band requires a high-
energy photon [14-16].
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Fig. (3) The transmittance as function of wavelength for
PMMA-PVA blend and PMMA-PVA/PDA nanocomposites

Absorption coefficient (o) of PMMA-PVA/PDA
composite is defined by following equation:
Q= 2.303? ()
where A is the absorbance and t is the sample
thickness

The energy band gap of the film can be
determined by the following formula:
ahv = B(hv — Eg)" (5)
where B is a constant, hv is the photon energy, Eg is
the optical energy band gap, r equals 2 for allowed
indirect transition and 3 for forbidden indirect
transition

Figure (4) depicts the variation of the absorption
coefficient for PMMA-PVA/PDA nhanocomposites
with incident light photon energy. It is clear that the
absorption coefficient of nanocomposites is high at
higher energies. This means that the electron
transition has a high probability; that is, the energy of
the incident photon is sufficient to transport the
electron from the valence band to the conduction
band, which is higher than the energy band gap
[15,16]. It is predicted that direct electron transitions
would occur when the material’s absorption
coefficient is high (>10* cm™). When the material’s
absorption coefficient is low (<10* cm™), it is
predicted that indirect electron transitions would
occur. The absorption coefficient of PMMA-
PVA/PDA nanocomposites is lower than 10* cm™,
which indicates that the electron transfer is indirect.
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Fig. (4) Variation of absorption coefficient (&) as function of
photon energy for PMMA-PVA blend and PMMA-PVA/PDA
nanocomposites

The refractive index (n) of the PMMA-PVA/PDA
nanocomposite is given by following equation:
n= (1 + Rl/Z) (1 - Rl/Z) (6)

Figure (5) depicts the relationship between the
absorption edge (chv)¥? for PMMA-PVA/PDA
nanocomposites and photon energy. By drawing a
straight line from the upper part of the curve toward
the x-axis at the value of (ahv)¥?=0, the optical energy
gap for the allowed indirect transition is obtained.
Table (1) shows the obtained results.
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Fig. (5) Variation of (ahv)'? with photon energy for PMMA-
PVA blend and PMMA-PVA/PDA nanocomposites

Figure (6) depicts the relationship between photon
energy and the absorption edge (chv)Y® for PMMA-
PVA/PDA nanocomposites. It can be noticed that
when the weight percentage of PDA nanoparticles
added to the PMMA-PVA mixture is increased, the
value of optical energy gap decreases. This is due to
the formation of site levels in the forbidden optical
energy gap and the transition in this case occurs in
two stages, with the transition of electrons from the
valence band to the local levels to the conduction
band as a result of increasing the weight percentage
of PDA nanoparticles [17]. This results agreed with
previous studies [18-20].
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Table (1) Values of energy gap for the allowed and forbidden
indirect transition for (PMMA-PVA) blend and (PMMA-
PVA/PDA) nanocomposite

PDA Optical energy gap for indirect transition
Nanoparticles (eV)
(wt.%) Allowed Forbidden
0 3.580 2.90
0.5 3.425 2.78
2 3.300 2.68
35 3.250 2.58
5 3.180 240
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Fig. (6) Variation of (ahv)'® with photon energy for PMMA-
PVA blend and PMMA-PVA/PDA nanocomposites

The dielectric constant (g) is divided into two
parts real (1) and imaginary (&2) those are calculated
by the following equations:

g =n?—k? @)
&, = 2nk (8)

The variation of extinction coefficient of PMMA-
PVA/PDA with wavelength is shown in Fig. (7). The
obtained results show that increasing concentration of
PDA nanoparticles plays a significant role to increase
the extinction coefficient owing to increase the
optical absorption and photon dispersion in the
polymer matrix (PMMA-PVA). Nanocomposites
have high values of extinction coefficient in the UV
region, which can in turn lead to high absorption by
all the nanocomposite samples. The extinction
coefficient of nanocomposite increases with
wavelength in the visible and near infrared regions as
the absorption coefficient is nearly constant in these
regions [18-21].

The behavior of refractive index of PMMA-
PVA/PDA nanocomposites with incident light
wavelength is shown in Fig. (8) as the refractive index
of PMMA-PVA/PDA nanocomposites decreases
with increasing wavelength. This figure shows that
increasing weight percentage of PDA nanoparticles
leads to increase the refractive index.

Figure (9) shows the variation of the dielectric
constant of PMMA-PVA/PDA nanocomposites with
incident wavelength, while figure (10) indicates the
influence of adding PDA nanoparticles on the
imaginary component of the dielectric constant of
PMMA-PVA/PDA nanocomposites. These figures
show that when the concentration of PDA
nanoparticles is increased, the imaginary and real
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components of the dielectric constant consequently
increase. This result is attributed to an increase in
electrical polarization caused by the concentration of
nanoparticles in the sample, which means that the
increase in dielectric constant of PMMA-PVA
mixture indicates a fractional increase in charges
inside the polymer. As can be observed, €1 is highly
dependent on n, due to the low value of k. Hence the
actual dielectric constant increases as the
concentrations of PDA nanoparticles is increased. As
well, it can be shown that & is dependent on Kk,
particularly in the visible and near-infrared regions,
where the refractive index is nearly constant but the
extinction coefficient increases with wavelength
according to the relationship between o and k [22,23].
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Fig. (7) Variation of extinction coefficient as a function of
wavelength for PMMA-PVA blend and PMMA-PVA/PDA
nanocomposites
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Fig. (8) Variation of the index of refraction with the wavelength
for PMMA-PVA blend and PMMA-PVA/PDA nanocomposites

Figure (11) depicts the relationship between
optical conductivity and photon energy. The behavior
of the PMMA-PV A mixture differs from the behavior
of the PDA-doped samples. The optical conductivity
increases at low photon energies and subsequently
decreases at higher photon energies. This behavior is
similar to that of the absorption coefficient since
optical conductivity is dependent on the absorption
coefficient.

Figure (12) shows the variation of N/No for
PMMA-PVA mixture with different concentrations
of PDA nanoparticle. As can be seen, the intensity of
transmitted radiation decreases as the concentration
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of PDA nanoparticles is increased, which is ascribed
to the increase in attenuation. The variation of x-ray
attenuation coefficient for the PMMA-PVA mixture
as a function of the concentration of PDA
nanoparticle is depicted in Fig. (13). According to this
figure, the attenuation coefficient increases as the
concentration of nanoparticles is increased, which is
due to the reflection or absorption of x-rays by the
nanocomposite shielding materials. These results are
supported by the work of Lu et al. [24].
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wavelength for PMMA-PVA blend and PMMA-PVA/PDA
nanocomposites
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4. Conclusion

The PMMA-PVA/PDA nanocomposites were
synthesized in this work using the solution cast
process with different weight percentages of PDA
nanoparticles (0.5, 2, 3.5, and 5 wt.%). The structural
and optical characteristics of these nanocomposites
were introduced. It was found that the absorption
coefficient, refractive index, extinction coefficient
and dielectric constant (real, imaginary) of these
nanocomposites increase with increasing the
concentrations of PDA nanoparticles added to the
PMMA-PVA mixture. On the other hand, the
transmittance and energy gap of these
nanocomposites was found to decrease with
increasing the concentration of PDA nanoparticles.
As an application of these nanocomposites, their
attenuation coefficient for x-ray was found to increase
with increasing the concentration of PDA
nanoparticles.
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Synthesis of NAC-CdTe/CdS
Core-Shell Quantum Dots for
Optical Biosensing Applications

This study was set to investigate the utility of quantum dots (QDs) to prepare an optical
biosensor with the potential to distinguish damaged DNA (largely associated with
malignant diseases) from intact DNA (extracted from healthy individuals). Water-
soluble NAC-capped CdTe core shielded with CdS nanocrystals (expressed as
CdTe/CdS/NAC nanocrystals) using N-acetyl cysteine as a stabilizer was prepared for
biosensing application. Based on the optical characterization of the prepared QDs, the
XRD results revealed the formation of the NAC-CdTe/CdS QDs with a grain size of 6.2
nm, while the EDX results emphasized their content of Cd, S and Te elements. The
SEM results proposed that the spherical size of the NAC-CdTe/CdS QDs lies within 10-
80nm. The demonstrated mono-dispersed lattice structure of NAC-CdTe/CdS QDs that
has superior PL emission properties at 573nm and absorption peak at 350nm. The
energy gap measurement through PL and UV-visible was found to be 2.1 and 2.5,
respectively. Additionally, following the interaction between the synthesized QDs and
the extracted genomic DNA (both cancer damaged DNA and healthy undamaged
DNA), the results showed a shift in the maximum fluorescence emission intensities
(observed at 562nm for a damaged sample and 550nm for a reference cell). Based on
the obtained fluorescence results, the present study reached the conclusion that the
prepared core/shell QDs could be employed as probes for diagnosing genetically
disrupted DNA that is associated with malignant diseases.

Keywords: NAC-CdTe/CdS core/shell nanocrystals; Biosensors; Fluorescence probe; Nucleic acid
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1. Introduction

Quantum dots (QDs) and nanoparticles-based
technology represents a major area of interest in the
field of developing optical biosensors. with a large
number of biomedical applications.This due to their
distinctive electronic and optical characteristics
including narrow emission bands, broad absorption
band, excellent quantum yields, and increased photo-
bleaching resistance compared to conventional
organic materials [1,2]. The DQs optical properties
are surface electronic quantum status dependent.
These properties (called states of a surface) are
attributed to QDs surface area ratio to volume high
[3]. Such characteristics can be either improve or
reduce the photo-generated charge carriers' transfer
rate. Other characteristics, such as aging effects, the
intensity of brilliance and spectrum brands, optical
absorption (photoluminescence excitation), quantum
efficiency are also seem be affected by the surface
states of the QDs [4]. The outer CdS shell of
CdTe/CdS quantum dots effectively confines the
electron and hole wave-functions inside quantum dots
QDs. Thus, QDs are fast becoming key components
of a growing area of research exploring their utility
for a large number of biomedical applications. These
including the preparation of fluorescent probes for the
investigation of their use in cell visualization, medical
imaging, fluorescent labeling of genomic loci, and
many others applications to meet different biological
and medical needs [5,6]. Recent trends in QDs
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research have focused on investigating for their
usefulness as fluorescent probes for DNA analysis,
which constitutes the genetic makeup of all living
organisms [7,8]. It is demonstrated that the prepared
QDs were able to distinguish between the different
synthesized DNA sequences.These results were
based on the optical properties analysis of the
interactions between the prepared QDs with the
different components of the DNA nucleotides (e.g.
the four different DNA nitrogen bases: adenine (A),
guanine (G), cytosine (C) and thiamine (T)) that gave
different fluorescent emission maximums and
intensities [9].

In this paper, the synthesized core/shell structure
of NAC capped CdTe core and CdS shell QDs were
water-soluble and biocompatible due to utilizing of
N-acetyl cysteine as stabilizer. The water-solubility
and biocompatibility of the synthesized nanocrystals
are attributed to the polar carboxylic acid group of
NAC on the out surface of NAC-CdTe/CdS
core/shell, and also accessible to interact with various
bio-macromolecular including nucleic acids, e.g.
DNA. There are relatively few publications in the
literature that discuss how core/shell QDs behaves in
connection to DNA sequence variation. Thus, this
study concentrates on the synthesis of biological
sensor concerns  with the NAC-CdTe/CdS
nanocrystals as a quantitative fluorescent probe for
the differentiation between the undamaged (from
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normal cells) and the damaged DNA (from malignant
cells).

2. Experimental Work

The process of preparing of NAC- CdTe included
making two solutions: The first solution was prepared
by liquefying 0.189 gm of sodium borohydride
(NaBH4) with 0.125 tellurium powder (Te) in 25 ml
of distilled water. Then the solution was put into a
two-necked round flask with presence of magnetic
stirrer to homogenize the solution. Thereafter,
nitrogen was pumped in to replace the air and this step
was followed by heating the mixture to 70°C. Then
the solution was put under nitrogen safeguard for 30
minutes (reaction takes place in the presence of
nitrogen to expel oxygen to prevent oxidation),
allowing the solution to turn into a dark crimson
color. Ultimately, the prepared NaHTe solution was
preserved under nitrogen to be used again at room
temperature.

The second solution was prepared by adding up to
0.180gm of cadmium chloride (CdCly) and 0.275 of
N-acetyl cysteine (NAC) in 200 ml distilled water.
The pH of the mixture was adjusted to 12.0 by
dropwise addition of 1.0 M NaOH solution with
stirring at room temperature for 1 hour. NAC-capped
CdTe nanoparticles were prepared as colloids. The
second solution reaction was transferred into a three-
necked flask, where nitrogen was added to replace the
air. Then, 1mL of the second solution of NaHTe was
added by syringe with stirring at room temperature.
The mixture then heated to 90°C for 30 minutes. This
step was followed by immediately cooling of the
heated mixture to room temperature. At the end of the
synthesis, excessive NAC-Cd complexes was
removed by adding isopropanol to the mixture, the
CdTe core QDs were precipitated. The precipitate
was re-dispersed in ultrapure water after being
produced.

Next, the preparation of NAC-capped CdTe/CdS
QDs was performed by adding NAC-capped CdTe
core QDs to the nitrogen-saturated solution
(containing 0.183g CdCl,, 0.015g Na,S and 0.815g
NAC). In a three-necked flask, the 80 mL CdTe/CdS
precursor solution was put after removing the air from
the system, and replacing it with nitrogen. The
mixture was then heated to 90°C and allowed to react
for 20 minutes at this temperature. NAC-capped
CdTe/CdS core/shell QD was obtained after cooling
into room temperature. The NAC-capped CdTe/CdS
core/shell QDs were precipitated by adding
isopropanol, and the precipitate was then re-dispersed
in ultrapure water [10].

The prepared QDs were assessed for their utility
to directly distinguish DNA from different biological
sources. Genomic DNA was extracted from blood
samples of leukemia patients (representing damaged
DNA) and healthy volunteers (representing
undamaged DNA). DNA extraction was performed
according to the manufacturer instructions using
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ReliaPrep™ Blood gDNA Miniprep System,
Promega, USA. The quality and the concentration of
the extracted DNA samples were measured by
nanordop (ThermoScientific NanoDrop, USA) [11].

The experimental setting of this part of the
study included two main steps: In the first place,
an assessment to optical characteristics of the
prepared QDs alone was performed. This was
performed using characterization measurements
including x-ray diffraction patterns (XRD),
field-emission scanning electron microscopy
(FE-SEM), energy-dispersive X-ray
spectroscopy (EDX), Fourier-transform infrared
(FTIR) and UV-visible (absorption), and
photoluminescence (PL) spectroscopy in order
to describe the structures, morphology and
spectroscopic characteristics of the prepared
QDs.

In the second step, the optical assessment of
mixing the prepared core/shell (at different
concentrations) with of 3uL of undamaged DNA
carried out. This was done using ELISA test that
gives the absorption intensity of the different tested
samples. Within this context, the absorption intensity
refers to the strength of the correlation between the
DNA and the QDs. This step helps in determining the
optimal correlation between the quantum dots and the
DNA for the next step. Similarly, samples composed
of 3uL of damaged DNA were mixed with a volume
of 100uL of QDs to assess the mixture absorption
intensity and compare it with that obtained from
mixing the QDs with the undamaged DNA.

3. Results and Discussion

The XRD analysis was used to determine the
crystallographic structure of the prepared NAC-
capped CdTe/CdS QDs. The diffraction pattern of
NAC-capped CdTe/CdS QDs is shown in Fig. (1),
where the broad peaks confirm the nanoscale nature.
The diffraction pattern exhibits three peaks at 26 of
24.95°, 25.75°, 36.95°, 43.75° and 50.45°, which
correspond to the planes of (100), (111), (102), (220)
and (311), respectively.

The average particle size of the synthesized
CdTe/CdS QDs (Table 1) was estimated using
Scherrer’s equation [12]:

D = 0.891/8 cosfO Q)
where D represents the size of crystallite, 1 refers to
the wavelength of the x-ray source, (CuKa with
1.5406A), p is the full-width at half maximum
(FWHM), and @ is the diffraction angle. Also, the
interplanar spacing was accounted using Bragg’s Law
(d=n)\/2sind).
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Fig. (1) XRD pattern of the synthesized NAC-capped
CdTe/CdS core-shell nanoparticles

Table (1) Determination of grain size of the prepared NAC-
capped CdTe/CdS core-shell nanoparticles

20 [ FWHM [ dw Dave
(deg) | (nm) | (A) (nm)
2495 | 32 [ 35659 | 2.5438 | (100)

2575 | 61 [ 34569 | 1.3365 | (111)

NAC-CdTe/CdS | 3695 | 1.8 [ 2.4308 | 4.6554 | (102)
(220)

(311)

Sample

43.75 34 2.1134 | 2.5102
50.45 14 1.8074 | 6.2751

The FE-SEM image of the prepared NAC-CdTe
core with CdS shell QDs nanoparticles is illustrated
in Fig. (2a). FE-SEM is a helpful instrument for
evaluating the uniformity of material covering across
broad areas, as well as the presence of faults or
cavities of QDs nanoparticles. Based on that, the
surface morphology refers to a non-uniform particle
size spreading of NAC-CdTe core with CdS shell
QDs nanoparticles on the surface can be evaluated,
while the nanoparticles with spherical shapes
appeared to be monodispersed with no
agglomeration.

Further analysis to the surface view of the
prepared NAC-CdTe core with CdS shell QDs reveals
the presence of nanoparticles with the circular shapes
by particle sizes ranging between 10 to 80 nm. For
precise measurements, these profiles were magnified
with two different magnification powers; where
FESEM test showed an average size of NAC-
CdTe/CdS nanoparticles within 200 nm.

As shown in Fig. (2b), there is a typical EDX
spectrum verified in the binding energy region of 0-
10 keV. This analysis confirms the formation of
CdTe:CdS. According to this EDX analysis, the
atomic ratio of the cadmium functional group was
relatively high. The atomic ratio and weight
percentage of Cd is high which reveals the presence
of Cd bonding with both S and Te as in the CdS and
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CdTe compounds. Accordingly, the existence of
CdTe quantum dots with pure CdS quantum dots
possibly produces materialization of CdTe:CdS
nanocomposite [13].
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Fig. (2) FE-SEM image (a) and EDX spectrum (b) of the
prepared NAC-CdTe/CdS sample

The FTIR spectroscopy is used to certain the
conjunction of capping NAC to the CdTe/CdS surface
of the prepared quantum dots, as shown in Fig. (3).
The characteristic peaks on the NAC curve are
located at 3373 and 2550 cm~* and are caused by the
asymmetric N-H and stretched S-H vibrations,
respectively, of the NAC. Additionally, peaks
between 1500 and 1600 cm™, as well as at 1427 cm™*
are indicative of the asymmetric stretching and
bending vibrations of the carboxyl group.
Furthermore, comparisons between the FTIR spectra
of QDs-ANC with those of free NAC revealed clear
differences. In which the S-H bond's typical
characteristic peak in the QDs -ANC appeared to be
vanished, however, the other distinguishing peaks
remain unchanged. This demonstrated that the QDs -
ANC lacked the S-H bond. These findings indicate
that the surface of the QDs had covalent bands
connecting the NAC with the cation for QDs.
Moreover, the S-H bond in the free NAC contributes
to the combination of QDs with DNA. These QDs
exhibit exceptional water solubility and effective
fluorescence stability, which are shown by the NAC
numerous carboxylate groups [14].
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Fig. (3) FTIR spectra of CdTe/CdS -NAC and the free NAC
powders

The absorption spectrum of the prepared NAC-
CdTe core with CdS shell QDs is shown in Fig. (4).
The spectrum of the colloid showed an absorption
peak at 288 nm.
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Fig. (4) Absorption spectrum of NAC-capped CdTe/CdS QDs
core-shell aqueous solution (colloid)

Additionally, the energy band gap can be
determined from the absorption spectra (Tauc's plot)
by drawing (ahv)? versus (hv) [15]. The value of the
optical direct band gap can be determined by the
following relation:
ahv = A(hv — Eg)" 2
where « is to the optical absorption coefficient and /v
is the photon energy, A is a constant called band
tailing parameter, Eq is the optical band gap, while n
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is a constant value related to the type of optical
transition

The optical absorption coefficient o was
determined using the following equation:
a = 2.303B/d (3)
where B refers to the optical absorbance and d is the
sample’s thickness or the path length through the
quartz cuvette

Furthermore, as illustrated in Fig. (5), the (a/w) ?
versus /v at which the extrapolation crosses the x-axis
is taken as the band gap energy for the NAC-
CdTe/CdS QDs sample. The NAC-CdTe/CdS QDs'
direct optical band gap energy was determined by
extrapolating a line at the linear portion of the curve
to be Eg=2.54eV. This coincides with finding
presented in Nithyayini and Ramasesha work [16].

The concentration of emitting species, the states
relative energies (ground state and excited state), and
electronic transitions are precisely examined by PL
characteristics. The photons produced by electrons
during band-to-band transitions with energy equal to
the energy band-gap of the material. Additionally,
photons emanate at conduction band (CB) defect
levels before attenuating at defect levels in the
valence band (VB). Thus, peaks may form below the
energy band-gap value, but the outcomes may be
impacted by the various transitions. Therefore, the
peaks can occur below the energy bandgap value, but
the results can be affected due to the different
transitions. The PL spectrum results (Fig. 6) showed
an emision spectrum of broad band between 547 to
604 nm with a peak located at about 577 nm, as shown
in Fig. (6). Energy gap can be calculated from the
relation (Eg=1240/)), which represents the peak of
emission in PL [21]. The energy gap obtained for the
prepared NAC-CdTe/CdS QD was 2.149 eV. The
FWHM of the as-prepared NAC-CdTe/CdS QD is
given as in (Fig. 6).
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Fig. (5) Relationship of (ahv)? vs. photon energy for NAC-
capped CdTe/CdS QDs nanoparticle
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Fig. (6) The photoluminescence (PL) spectrum of the prepared
colloidal of NAC-capped CdTe/CdS QDs nanoparticles

The absorption measurement was performed for
samples prepared by mixing 3pl of DNA (exracted
from healthy individauls) and 100ul of NAC-capped
CdTe/CdS at 25uM concentration, which were then
placed in 96 well plates in the plant pipets to reach the
optimum conditions of the mixing, as shown in Fig.
(7). The plate was then inserted in a fully automatic
ELISA reader to measure the intensity of absorbency
spectrophotometry at different wavelengths (405,
450, 492 and 630nm) were used to assess the
absorption spectrum for the mixture. It was found that
the best absorption was at wavelength 492 nm which
is close to the energy gap calculated for the quantum
dots used in the research.

0.4
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Fig. (7) The relationship between absorbance of NAC-capped
CdTe/CdS QDs with different concentrations of reference
DNA from healthy subjects
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The intensities of absorption spectrum QDs were
tested at different concentrations of DNA (Fig. 4).
The results showed that the best absorption spectrum
intensity was at DNA concentration of 400ng within
a time window of 24 hours post conjugation with the
prepared QDs. This finding suggests that the NAC-
CdTe/CdS core/shell QDs reacted with the DNA to
form a complex.

The characteristics of fluorescence of the
prepared NAC-capped CdTe/CdS with the presence
and without DNA (reference and defective DNA)
were recorded to disclose the ability and efficacy of
the NAC/QDs in distinguishing damaged from
undamaged DNA. After mixing 25uM of the QDs
with the best concentration of the conjugated DNA
(400ng/uL), the mixture was assessed by fully
automatic ELISA reader to measure the intensity of
the absorbency spectrophotometry of the aqueous
solution of undamaged DNA. The results showed that
maximum emission peak of NAC/QDs was shifted
from 580 to 550 nm by the interaction with the
undamaged DNA. However, at the same
concentrations of damaged DNA conjugated with
NAC/ QDs, emission maxima peak of the NAC/QDs
was shifted from 580 to 562 nm (Fig. 8 and Table 2).
This varies clearly and significantly from that of the
undamaged DNA samples (550nm). Collectively,
comparing these values exhibits a distinguishable
shift of 30nm for the reference DNA samples, and
12nm for the damaged DNA samples Based on the
FWHM analysis, the fluorescent emission spectra for
the damaged DNA samples is wider and more intense
from those of the undamaged DNA samples. Through
this result CdTe/CdS/NAC can be used for the
development of fluorescent probe for detection of
damage DNA that represents the root of a number of
health problems [9].

700

——— NAC/QD
——— NAC/QD+ undamaged DNA
600 1 NAC/QD+ damage DNA

500 A
400

300 A

Flouresence intenisty (a.u.)

200 A

100
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400 425 450 475 500 525 550 575 600 625 650 675
Wavelength (nm)

Fig. (8) The fluorescence spectra of the NAC/QDs control, the
NAC/QDs with damaged DNA, and NAC/QDs with
undamaged DNA
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Table (2) data of fluorescence parameters for the prepared
and the conjugated core-shell QD

Maximum
Sample e N Intensity E
(nm) | (nm) (a.u) (eV)
QDs 580 57 439 2137
QDs+ undamaged DNA | 550 56 422 2.254
QDs+ damaged DNA 562 61 514 2.206

4. Conclusions

Based on the varying and distinguishable
fluorescence spectra observed by conjugating the
prepared NAC-capped CdTe/CdS QDs with damaged
and undamaged DNA extracted samples, the present
study reached to conclude that the synthesized NAC-
CdTe core with CdS shell QDs could be employed in
developing optical biosensors for a variety of
biomedical applications, especially those related to
the detection of genomic integrity.
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Comparative Analytical Study
of Some Stainless Steels
Using LIBS, XRD, XRF and
EDS Techniques

The ability to identify stainless steel using precise and fast techniques can be
critical in engineering applications. Moreover, the ability to sort different types of
stainless steel is crucial in recycling of scrapes as well as in engineering
applications. In this work, we present a comparative study to identify commercial
stainless steel using laser induced breakdown spectroscopy technique (LIBS) and
three other traditional techniques namely, x-ray diffraction (XRD), x-ray
fluorescence (XRF) and energy dispersive x-ray spectroscopy (EDS). This study
attempts to compare the ability of LIBS and the three conventional techniques of
characterization between the three more common types of stainless steel namely,
stainless steel 304 (SS304), stainless steel 316 (SS316), and Ferritic stainless steel
(SSFER). The standard XRD technique is also used to study the crystalline
structure of the stainless-steel. The results showed that LIBS and XRF techniques
are more sensitive to the elemental components than the others. However, EDS
has an advantage of giving the elemental surface distribution. It is recommended
to use the above techniques collectively since one technique can be more sensitive
to certain elements than the others.

Keywords: Stainless steel; LIBS; X-ray fluorescence; Biomedical engineering
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1. Introduction

Stainless steel (SS) is an important material with
numerous applications in food preparation, culinary
tools, kitchen sinks, surgical tools and biomedical
applications [1-5]. Identification of the toxic metals
that released from SS and recycling process of SS
need to accurate, fast, portable, and low-cost devices
to classify both the diverse types and components of
SS [6]. In the past, several standard techniques have
been used to identify various kinds of SS such as x-
ray fluorescence (XRF) [7,8], energy dispersive x-ray
spectroscopy (EDS) [9], Fourier-Transform Infrared
(FTIR) spectroscopy [10], and atomic absorption
spectroscopy [11]. However, in the last decade some
researchers started to use laser-induced breakdown
spectroscopy technique (LIBS) as a fingerprint for
some metals and alloys. For example, Fadhil et al.
[12] used LIBs technique to identify two forms of
silver. Khalil et al. [13] studied some parameters for
plasma generated from austenitic stainless steel by
using LIBS technique. The spectrum is recorded in
the UV region. The group noted that the intensity of
line (Fe 1 275.01) resulted from double pulses could
be higher by a factor about 60 times compared with
single pulse. In 2015, Kshiwakura and Wagatsuma
[6] used a laboratory-built LIBS system to study the
feasibility of using LIBS for sorting of several types
of binary alloys such as Fe—Ni, Fe-Cr and Fe—Mo.
They confirmed that by utilizing some parameters
like longer gate width, shorter delay, and a greater
number of laser shots time, the LIBS system can be

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

© ALL RIGHTS RESERVED

used for sorting process by detecting the amount of
molybdenum, chromium, and nickel in the samples.
In another study,

In 2018, Lang et al [14] used LIBS to detect
contaminations of some elements such as Cs and Sr
on the surface of SS304 type. They found that some
emission lines such as Cs | (894.35 nm) and Sr Il
(407.77 nm) lines might be easily separated from the
total emission spectra. In the same year, Noll et al.
[15] reviewed developments of LIBS research from
2014 to 2018. In another study, Lévesque et al. [16]
showed that some spectral lines emitted from the
impurities in SS and Al can be clearly identified in the
UV-visible regions when a focused laser beam with
high electric field that is about 10 times the air
electrical breakdown. It is worthwhile to mention that
stainless steel analysis is challenging due to the wide
variability in elemental concentrations when
compared to the low alloy family of steels. Low alloy
steels contain of at least 90% of iron alloyed and 10%
of other elements, such as C, Cr, Ni, Mo, Si and Al.
SS304 and SS316 are the most common stainless
steel [17]. These two types are widely used in cutlery,
cookware, and kitchen tools. Compared with SS304,
SS316 contains some molybdenum to increase
resistance against acids and certain localized attacks
such pitting and crevice corrosion. Ferritic stainless
steel or SSFER is another type of the stainless-steel
families. Using human senses, it is quite difficult to
differentiate between SS304 and SS316 since there is
no tangible difference between the two. One method

PRINTED IN IRAQ 41


https://www.thermofisher.com/us/en/home/industrial/manufacturing-processing/steel-manufacturing.html?icid=CAD_blog_metals_2020Oct

IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 19, No. 1, January-March 2023, pp. 41-46

is to test them chemically. The main difference
between SS304 and SS316 stainless steel is that
SS316 has additional amount of molybdenum [18].
There are many researches that suggest using LIBS
system as a fast device to differentiate between
diverse types of stainless steel [6]. However, little
works have been devoted to compare the results of
LIBS with the other standard techniques.

In this work, we employed LIBS and several
standard techniques to identify the differences
between three common types of stainless steel.

2. Experimental Part

The LIBS’s system used in this study consists of
an Nd:YAG pulsed laser (HUAFEI) with wavelength
of 532nm (second harmonic generation mode) and
frequency of 1 Hz, a lens with a focal length 10 cm,
an optical fiber, a THORLAB CCS100 compact
spectrophotometer  (SP) with  dimensions of
29.5x79x122mm?® (350-700 nm). Figure (1) displays
a schematic diagram of the used system.

o]

Plasma Plume

Nd-Yag Laser

Fig. (1) Schematic diagram of LIBS setup to identify emission
lines of SS304, SS316 and SSFER

The signal from the compact spectrometer
(Czerny-Turner) was integrated on the ICCD
detector. To analyze the emission signal from the
sample, the number of laser shots are varied from 1 to
10. The measurement was conducted five times to
choose the one with the most obvious spectrum. Since
the purpose is to identify and sort stainless samples,
we used only commercial samples of SS304, SS316
and SSFER with dimensions (2x2x0.1cm?). Spectrum
Analyzer 1.7 software [19] was used to match the
emission lines with input data from NIST data base
[20]. Only the first ionization emission lines are
recorded. Energy-dispersive X-ray (EDS)
spectroscopy was achieved by Axia Chemi EDS with
mapping facility. XRF measurements were done by
Spectro model XEPOS. The data for structural
properties were measured using Haoyuan X-ray
diffractometer and the x-ray data have been analysed
with the help of Match software.

3. Results and Discussion

In general, LIBS spectroscopy can show many
intense lines of Cr, Ni and Mo that appeared in the
ultraviolet region. However, in this work, the spectral
range 370-570nm was chosen since the line emissions
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of the elements are clearly distinguished at this range

and relatively free from iron interference.
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Fig. (2a) shows emission lines of LIBS for Ferritic
martensite stainless (FERSS). There are three strong
lines for iron and the most prominent one is Fe(l)
520.68 nm. There are also two strong lines for Cr, and
Ni where no Mo emission lines are identified in this

phase.
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Fig. (2b) indicates LIBS emission lines of SS316
with two lines for molybdenum.
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Fig. (2c) reveals LIBS for SS304 with three lines
for iron and the most prominent one in this study is
Fe(l) 520.68 nm. There are also two lines for
chromium with one interfered with at molybdenum at
438.16 nm. Other peaks for Fe, Cr, Ni, Mo, Si are also
available but they are a bit tiny. The strongest spectral
lines are indicated in Table (1).

Table (1) Wavelengths of spectral lines of three types of
stainless steel

SSFER | Wavelength | SS316 | Wavelength | SS304 | Wavelength
441.334 492.05 492.05
489.075 495.64 495.64
492.050 519.23 520.68
485.636 526.95
Fel 513.946 Fel 532.80 Fel
519.234 537.00
520.680 558.76
532.853 561.72
438.110 432.51 427.29
Crl 529.740 Crl 438.11 Crl 438.11
- 486.12
501.760 516.86 501.76
Ni | 516.860 Ni | 534.77 Ni l 516.86
534.770 - 534.77
- 438.16 438.16
Mo Mo 455.18 Mo 455.18
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Fig. (2) LIBS signal as a function of wavelength in nanometer
unit for (a) SSFER (b) SS304 (c) SS316.

The XRD patterns of SS304, SS316 and SSFER
are shown in Fig. (3), where there are three peaks for
SS304 and SS316 and only two peaks for SSFER.
These samples revealed peaks at 26=43.8°, 50.8° and
74.8° corresponding to crystalline planes (111), (200)
and (220), respectively. The peaks are almost sharp
(with narrowv FWHM). So, the samples have a
crystalline structure. The figure indicates that SSFER
has a different XRD pattern from SS304 and SS316
and this feature can be utilized to differentiate SSFER
from other phases. The phases SS304 and SS316 have
almost the same pattern. This is due to SS304 and
SS316 have face centered cubic crystalline structure
called y-Fe or Austenite while Ferritic SS has a body
centered cubic crystalline structure called a-Fe or
martensite. Moreover, the phase structure and
diffraction peaks namely o-Fe (110) and (211) of
SS304 is composed of a-Fe martensite phase and -
Fe phase. The d-values of the observed peaks are
calculated using Bragg’s equation nA=2dsin6, as
shown in steel (SS304, SS316 and SSFER)

Table (2) with 2=0.1518nm. The slight difference
between the locations of 26 in SS304 and SS316 is
due to different elements composition ratios. The
results are compatible with previous studies [21, 22].
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Fig. (3) XRD patterns of three commercial types of stainless
steel (SS304, SS316 and SSFER)

Table (2) X-ray parameters for three types of stainless steel.
(0) Bragg’s angle, (B) the full-width at half maximum, (d) d-
spacing, (a) lattice constant, (D) crystallite size. Scherrer’s
analysis was used to calculate the crystallite size (D). Defects
density (8§ = 1/D?)

20 B d a D | &(x10D)
(deg) | (deg) | (nm) | (nm) | (nm) cm?
SS304 43.8 0.40 0.206 | 0.358 224 2.00
50.8 0.60 0.179 | 0.359 15.3 4.26
74.8 0.80 0.127 | 0.359 13.1 5.85
SS316 43.2 0.40 0.209 0363 22.3 2.00
50.4 0.40 0.181 | 0.362 229 1.89
74.4 0.60 0.127 | 0.361 17.4 3.31
SSFER | 4438 0.40 0.20 0.350 | 224 1.98
65.1 0.60 0.14 0.287 16.4 3.70

Sample

Table (3) Chemical composition of stainless steel in mass (%)

&= Cr Ni Mo | Si Mn Co Fe
Structure
SS304 1745 | 9.60 | 0.12 - | 041 | 041 | Balance
SS316 17.06 | 9.80 | 0.33 | - | 0.30 | 0.30 | Balance
SSFER 0.110 | 0.28 | 0.04 | - | 0.34 | 0.34 | Balance

In general, XRF analysis can provide with
dependable quantitative information about the
elemental composition of SS304, SS316 and SSFER
[23]. However, in this study, XRF analysis for SS316
did not show an appreciable content of Mo (Fig. (4).
Table (3) shows that the main components of SS304
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and SS316 are Fe, Cr and Ni. The results like those in
references [24] and [25]. The results of EDS
examination are displayed in Fig. (4). In that figure,
the signal of EDS for stainless steel is plotted as a
function of electron energy in keV unit. All the peaks
belong to the elemental components of stainless steel
namely Fe, Cr, C, Ni and Mo. The results are in a
good agreement with Costa et al. [26].

Fig. (4) EDS results of three commercial types of stainless steel
(5S304, SS316 and SSFER)

Figures (5), (6) and (7) show EDS mapping for
SS304, SS316 and SSFER, respectively. Unlike point
analysis, these figures reveal the elements distribution
across the scanned area. During the EDS
measurement, different areas were focused and
scanned. Using atomic absorption spectroscopy and
XRF as analytical techniques, Ognjanovi¢ and Grgur
[27] have shown that austenite and ferrite stainless
steel had a different chemical composition than the
nominal composition. This means that XRF can give
a smaller content of chromium than the nominal
content. Moreover, smaller content of carbon was
also expected.

Fig. (5) EDS mapping images for SS304 showing the surface
distribution for Fe, Cr, Ni, and C

PRINTED IN IRAQ



Fig. (6) XRF mapping images for SS316 showing the surface
distribution for Fe, Cr, Ni, and C

Fig. (7) EDS mapping for SSFER showing the surface
distribution for Fe, Cr, Ni, Mn, Siand C

4. Conclusions

For the identification of the most common kinds
of stainless-steel, LIBS, XRD, XRF and EDS
spectroscopy can be used. LIBS is shown to be the
fastest technique to give an accurate identification for
stainless-steel. XRD can be used to identify a phase
samples of stainless-steel. LIBS and XRF are more
sensitive to the elemental components than the others.
However, EDS has an advantage of giving the
elemental surface distribution. Finally, for more
accurate classification, it is recommended to use
LIBS, XRF and EDS techniques collectively since
one technique is more sensitive to certain elements
than the others.
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In April 2008, the first issue of Iragi Journal of
Applied Physics Letters (IJAPLett) was released as a
new journal derived from the Iragi Journal of Applied
Physics (IJAP) to publish research letters on the same
disciplines of IJAP but rather extended to include
Alternative & Renewable Energy, Applied
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Physics & Applications, Structure & Properties of
Matter, Superconductivity & Related Devices,
Surfaces, Interfaces & Films, Thin Films &
Applications, and Vacuum Science & Technology.

The first issue contains 7 letters, while the second
issue released in September 2008 contains 6 letters
only. However, the editorial board chose to continue
publishing IJAPLett in order to give a better chance
for Iragi and foreign researchers to submit their short
articles for publication after reviewed according to
the same reviewing standards of IJAP. Therefore, 3
issues were released in January, April and October
2009 containing 8, 5 and 10 letters, respectively. The
idea of IJAPLett was appreciated and admired by the
community of applied physics in Irag.
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In January 2010, the first issue of the third volume
of IJAPLett was released containing 6 letters.
Surprisingly, the promotion committees in some Iraqi
universities decided not to consider the letters
published in IJAPLett as a published articles and
hence not accepted for academic promotion for Iraqi
faculty members. Accordingly, the rights of authors
of these letters would be taken for no logical reason.
Therefore, the editorial board decided to stop
publishing IJAPLett in April 2010 and transferred all
accepted letters to IJAP for publication.

With the exceptional success of 1JAP to attract
researchers from inside Iraq and abroad to publish
their research works as well as the progress to propose
IJAP for Scopus index, which was happened in July
2021, the Editorial Board found that the existence of
IJAPLett to publish the letters on the disciplines
mentioned before is a requirement. Therefore, the
decision to re-publish IJAPLett was not late and taken
in September 2020. IJAPLett returned back with the
first issue of volume 4 released in January 2021
containing 6 letters. By December 2021, 4 issues of
this volume were released. Similarly, 4 issues of
volume 5 were released in 2022. The editorial board
of 1JAPLett was re-configured to include experts and
professors from different Iragi universities and of
different fields of specialty in order to introduce it for
as many as possible researchers.
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