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INTRODUCTION

Abstract

Using chemical reduction and green technology, two different approach-
es are used in the current work to synthesize silver nanoparticles. Pom-
egranate peel extract has been utilized in green technology applications.
Furthermore, In the chemical approach, polyvinylpyrrolidine and ascor-
bic acid were utilized as reducing agents, and the optical, structural, and
antibacterial characteristics of the two versions were investigated. In
comparison to the chemical reduction variant (30.38 nm), the particle
sizes in the green technique (19.5 nm) were smaller. Comparing green
silver nanoparticles to chemically synthesized silver nanoparticles, SEM
pictures showed that the former had formed a distinct crystalline shape
and were evenly distributed on the surface. Granules constituted the
shape of the particles. Additionally, it spreads topically. Whereas the
greenly synthesized variant's absorption band was at 280 nm, the chemi-
cally synthesized variant's absorption band was at 300 nm. It was
demonstrated by spectroscopic data of green silver nanoparticles that
they have the capacity to produce and stabilize silver nanoparticles.
Chemically produced green silver nanoparticles were also exposed to
FTIR analysis to identify active functional groups. Silver particles can
also be stabilized by chemically produced silver nanoparticles. To assess
the antibacterial activity, the nanoparticle agar diffusion method was
employed. The bacteria detected in the medium were Staphylococcus
aureus and Escherichia coli. In the green form, the bacterial growth inhi-
bition zone was larger and was produced with varying concentrations of
25 ml, 50 ml, 75 ml, and 100 ml, or 13 ml, 10 ml, 9 ml, and 8 ml for
Staphylococcus aureus and 15 ml, 12 ml, 10 ml, and 7 ml for E. coli,
respectively. Green-produced transcripts exhibited higher antibacterial
responses, which were likely caused by the faster rate of nanoparticle
stabilization mechanism by organic compounds found in pomegranate
fruit peel extract.

Keywords: Nanoparticles, Green Method, Chemical Method, Antibac-
terial Activity, silver Nanoparticles

Civilization has been gradually shifting towards more environmentally friendly and sustainable
methods in all areas of growth during the 20th century, sometimes known as the post-industrial era
(Venhoeven, Bolderdijk, & Steg, 2016). Searching for new, more environmentally friendly and sus-
tainable ways to do the things we do every day. Difficulties that require immediate attention include
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resource depletion, climate and ecosystem changes, insufficient access to drinking water, poor air
quality, and other major problems (lbrahim, Abdelghani, Anwagy, & Rizkallah, 2024; Venhoeven
et al., 2016).Consumption is particularly high in the construction industry, where the life cycles of
building materials consume a large amount of energy (Kidnal, Kutti, Rauwel, Guha, et al., 2016;
Klunal, Kutti, Rauwel, Wragg, et al., 2016).

The years have seen a shift in focus towards green and smart housing. Use natural, affordable and
environmentally friendly building materials The basic concept of green housing, and the choice of
environmentally friendly options depends largely on the quality of the Indoor climate. Research or-
ganizations have studied nanomaterials in great detail over the past 20 years. Providing special
qualities and methods to make our daily lives better (Huang, Liu, & Wang, 2020; Jadoun, Verma, &
Arif, 2020). Metal nanoparticles are very promising in creating new antibacterial agents (Rai, Ingle,
Birla, Yadav, & Santos, 2016). Synthesis techniques, which are the traditional methods used to cre-
ate metallic silver nanoparticles, are usually uneconomical. In certain situations, they also require
harmful reagents, along with specialized tools and knowledge. In addition, many of the synthesis
procedures are typically energy-intensive and lead to the production of toxic byproducts (Kidinal,
Rauwel, & Rauwel, 2018). Thus, It is necessary to create technologies that are economical and en-
vironmentally appropriate, and biosynthetic technologies appear to offer the greatest promise in this
regard (Rauwel, Klunal, Ferdov, & Rauwel, 2015).

Because they offer straightforward methods and a variety of plant material options. Nanomaterials
are materials with length scales of 1-100 nm in at least one dimension. The synthesis of nanoparti-
cles as an emerging feature of the convergence of nanotechnology and biotechnology has attracted
increasing interest due to a growing desire to be environmentally benign. Nanoparticles are particu-
larly promising for development because they exhibit antibacterial capabilities due to their enor-
mous surface area and volume ratio. The current topic has become under study due to the Increas-
ing resistance of microbes to metal ions and the emergence of resistant strains (Fayaz et al., 2010).
For these reasons, silver has long been known to be harmful to 116 different microorganisms (Liau,
Read, Pugh, Furr, & Russell, 1997) and is widely used in bactericidal applications (Gupta & Silver,
1998; Nomiya et al., 2004). The bactericidal effect of silver lons on microorganisms is well known.
Their derivatives are commercially exploited as antibacterial agents. Understanding of the bacteri-
cidal mechanism is still limited. A strong interaction with the thiol groups of essential enzymes,
leading to their inactivation has been proposed (Gupta & Silver, 1998). Based on experimental re-
sults, DNA replication is inhibited once bacteria are exposed to silver ions Studies conducted by
(Singh, Singh, Prasad, & Gambhir, 2008). demonstrated the presence of small electron-dense gran-
ules generated from sulfur and silver, along with structural changes in the cell membrane. Com-
pared to both bulk materials and ions, metal particles with sizes in the nanometer range have dis-
tinct physical properties.

Their architecture with highly active facets makes them display exceptional features such as en-
hanced catalytic activity (Singh et al., 2008). Thanks to their ability to reduce metal ions, microor-
ganisms including fungi and bacteria are now an important part of the toxic metal remediation pro-
cess (Kalishwaralal, Deepak, Ramkumarpandian, Nellaiah, & Sangiliyandi, 2008).

MATERIALS AND METHODS

Green Method for Preparing Silver Nanoparticles

The type of plant used in this study, which is pomegranate fruit, has been identified, and the peels
will be used In this experiment. And cover the AGNPs so that they are more beneficial to humani-
ty. The pomegranate peels were extracted with a solvent, which is distilled water. To determine the
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best nano-result, the pomegranate peels were air-dried for two weeks and then crushed using a mor-
tar and pestle. 8 g of powder was weighed using a weighing scale and placed in a 250 ml beaker,
and 200 ml of solvent (distilled water) was added to the beaker. The mixture was heated for 30 min
using a water bath and then filtered through filter paper and then stored in the refrigerator for fur-
ther use. An aqueous solution of silver nitrate was prepared to synthesize AgNPs. 50 ml of pome-
granate extract solution was added to 5 ml of silver nitrate with stirring to reduce the Ag ions to the
collected silver groups and then the solution was left for 24 hours until sedimentation to obtain sil-
ver nanoparticles.

Figure: (1). Green Silver Nanoparticles

Chemical Method for Preparing Silver Nanoparticles

First, a silver nitrate solution was prepared by adding 4g of AgNO3 to 40ml of distilled water and
then 20ml of ascorbic acid, solution (A), was added. A PVP solution was prepared by dissolving
PVP and glucose in 60 ml of distilled water together, yielding solution (B). Solution B is then heat-
ed to a temperature of 60°C by a magnetic stirrer. After stabilizing the temperature for (15
minutes), solution (A) Is added to (B) dropwise. Then the mixed solution was stirred for (10 — 15
minutes) and a brown powder was formed. Then it was dried for 30 minutes at 100 degrees Celsius.
Finally, 50 ml of sodium hydroxide (NaOH) was gradually added to the solution until the pH turned
to 11.

Figure: (2). Chemically Manufactured Nanoparticles Silver

Antimicrobial Action
Bacterial cultures: nutrient medium agar farms were used to grow bacteria. 850 milliliters of steri-
lized distilled water were used to dissolve 14 grams of powder to create the medium. After 15
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minutes of sterilization at 121 °C to disinfect the medium, bacteria were developed and incubated
for 24 hours in the incubation at 37 ° C. Antibacterial Assay: Green and Chemical Synthesis and
Antibacterial Activity Using the Agar Disc Spreading Method 72 hours in solid cultural media.

RESULT AND DISCUSSION
Physical properties

Table:(1). Some physical properties of green and chemical nanoparticles

Solubility Average

Solubility in etha- Solubility ~ Color and article Size  Boiling Melting Nanoparticles Solubility in
in DMSO nol in water texture P size range  point point P HNO3
. Melt with .
Highly Good —ioorous  COMPIEEY g <100 10080 2162 961.78 Green silver
soluble solvent - soluble nanoparticles
stirring
i Chemical
Highly — Good Melt ~ COMPIEEly gl <100 80100 2162 961.78  silver nano-
soluble solvent soluble particles

Scanning Electron Microscopy

The shape of the particles was confirmed by SEM examination. With a working distance (D) of
10.6 mm and a high voltage of 20.0 kV, they were performed at a scale of 200 um. We show that
the silver nanoparticles are well dispersed and have a crystalline morphology, according to the SEM
data in Figure 1, while the chemically synthesized silver nanoparticles were synthesized on the 500
um scale at a high voltage of 20.0 kV and a working distance (D) of 10.1 mm. In this result, the
particles are In the form of small grains that are well dispersed, and the aggregation of particles can
be seen according to the SEM data in figure 3.

Figure: (3). SEM Micrograph Green Silver Nanoparticles and Chemically Synthesized Silver Nanoparticles
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Ultra Violet-Visible Spectroscopy

In the case of the green synthesis method, 30 ml of sample is taken and diluted in 5 ml of distilled
water. After half an hour, spectroscopic analysis of green silver nanoparticles was performed and
Figure 4 shows the absorption peak at 280 nm and absorbance 1.5. The chemical reduction of sil-
ver ions was also monitored in the same way as the first sample dilution. UV spectroscopy was
performed as shown in Figure 5 and the absorbance peak was 300 nm and absorbance was 0.4, We
note that as the wavelength increases, the absorption intensity decreases, which indicates that the
formation did not occur at a large wavelength, so the best formation is for green silver nanoparticles

1.6—-
1.4—-
1.2—-
1.0—-

0.8

Transmittance

0.6
0.4
0.2

0.0

0.2

T T T T T T T T T T T T T
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Wavelength (cm)

Figure: (4). UV_VIS Spectroscopy of Green Silver Nanoparticles
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Figure: (5). UV_VIS Spectroscopy of Chemical Silver Nanoparticles
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X-Ray Diffraction Analysis
Figure 6 displays the XRD patterns of silver nanoparticles made from pomegranate peel extract.
higher proportion of crystalline phases is indicated by the greener peak value displayed by the green
nanotube particles. On the contrary, the Debbie-Scherer equation was used to ascertain the crystal
size.

Particle Size (D) = KA/ (B cos 0)

In this case, p is the radiation wavelength, 0 is the Bragg angle, and K is the dimensionless shape
factor 0.94 B represents the full width of the corresponding peak at half maximum as well. D Is es-
sentially the fundamental size of the ordered domains, which is thought to be equivalent to the par-
ticle size only relevant to particles smaller than 100. The particle size of green silver nanoparticles
can be calculated using the values in the diffraction pattern as follows.

The size of the green nanoparticles produced by the X-ray diffraction pattern was determined:

D=KM(B cosi/00 )
D1=(0.94x1.54)/(0.184 c0s30.09)
D=31.12nm
D2=(0.94x1.54)/(0.231 c0s68.43)
D=7.88nm
Average crystallite size= 31.12+7.88/2
ACS=19.5nm
The size of the green silver nanoparticles ranges between 31.12nm and 7.88nm, so the average crys-
tallite size is 19.5nm.

By the values in the X-ray diffraction pattern of chemically manufactured nanoparticles we can cal-
culate it as follows
D=KNM(p cosi/0i0 )
D1=(0.94x1.54)/(0.1332 c0s20.22)

D=53.20nm
D2=(0.94x1.54)/(0.2008 c0s19.23)
D=7.56nm
Average crystallite size=53.20+7.56/2 ACS=30.38
ACS=30.38
{WMTWM}
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Figure: (6). XRD Diffraction Pattern for Green Silver Nanoparticles
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Figure: (7). XRD Diffraction Pattern for Chemically Composite Nano Silver Particle

FTIR Spectroscopy

In order to ldentify active functional groups, FTIR is a valuable approach. Figure 8 shows the
FTIR spectra of green silver nanoparticles and consists of several bands measured at 2948 cm,
2183.05 cm, 2042.68 cm, 1916.22 cm, 1595 cm, 1392 cm, 858.63 cm, 677.48 cm, 553.09 cm,
498.55 cm. 440.36 cm, Stretching of the hydroxyl molecule is responsible for the band at 29,481
cm, while the aromatic nitro and alkyl vibration modes are responsible for the peak at 1,595.681
cm. The major alcohol in bending or vibration Is responsible for the peak observed at 1392 cm;
Either the bands (677.48 cm, 553.09 cm, 498.55 cm, 440.36 cm) are extended for alkyl halides. Ev-
idence suggests that biological molecules may have a role in the stabilization and production of sil-
ver nanoparticles: the FTIR spectrum of chemical nanoparticles is shown in Figure 8, which in-
cludes multiple bands : 3362.13 cm, 2927.36 cm and 2340.41 cm; 2155.40 cm; 2019 25cm,
1719.95cm, 1643.02cm, 1366.59cm, 1240.31cm; 1021.03 cm; 499.55 cm, the OH (alcohol) or N-
H (Ameen) stretches are responsible for the band at 3362.13 cm, while the C-H (alkane) stretch is
responsible for the band at 2927.36 cm, while the carbonyl bond group (O=C=0) Is responsible for
The range is at 2340.41 cm. The band's N-H (amine) curve appears at 1643.02 cm, while the peak
at 1719.95 cm Is the C=0 stretch. The secondary alcohol in bending or vibration is responsible for
the peak at 1366.59 cm. Based on these facts, we may conclude that chemically synthesized nano-
particles can also contribute to the synthesis and stabilization of nanoparticles.

% Transmittance

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

Figure: (8). FTIR Spectra of Green Silver Nanoparticles
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Figure: (9). FTIR Spectra of chemical silver nanoparticles

Antibacterial activity

The antibacterial activity was tested against two distinct strains of bacteria. Green and chemical
silver nanoparticles have antibacterial properties against both Gram-positive (Staphylococcus aure-
us) and Gram-negative (Escherichia coli) pathogens The products were employed in solution form
at doses of 25, 50, 75, and 100 mg using the agar diffusion method. After applying all concentra-
tions to the surface of the culture dishes, they were incubated for an entire day at 37°C with the lid
on. Following the identification of the compounds' inhibitory effects, it was discovered that the do-
mains of bacterial growth inhibition generated by chemical and green silver nanoparticles were dis-
tinct from one another. The ability of nanoparticles to inhibit bacteria is a size-dependent character-
istic that gets better as the particle size gets smaller; yet, compared to chemical silver nanoparticles,
green silver nanoparticles exhibit a larger zone of inhibition .and Tables 2 and 3 contain tabular da-
ta for the Inhibition zone measurements. Because they have larger surface areas and smaller particle
sizes than chemical silver nanoparticles, green silver nanoparticles have greater antibacterial poten-
tial.

Table:(1). Antibacterial measurements of green nanoparticles

Sample Bacteria Weight of the sample Bacteria type Zone inhibition
Green Silver Nano- Staphylococcus 25 Gram positive 13
particles Aureus 50 10
75 9
100 8
Escherichia Coli 25 Gram negative 15
50 12
75 10
100 7

Table:(3). Antibacterial measurements of chemical nanoparticles

Sample Bacteria Weight of the sample Bacteria type Zone inhibition
25 10
Green Silver Nano- Staphylococcus 50 Gram positive 9
particles Aureus 75 9
100 6
25 12
Escherichia 50 Gram negative 10
Coli 75 8

100 6
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Figure: (10). The antibacterial effect of green nanoparticles with four different concentrations on Escherichia Coli and
Staphylococcus aureus

Figure: (11). The antibacterial effect of chemical nanoparticles with four different concentrations on Escherichia Coli
and Staphylococcus aureus

CONCLUSION

In this study, Agno3 NPs synthesized by green and chemical synthesis methods were characterized
by different techniques to calculate crystallite size, particle size, morphology, spectrophotometry,
and antibacterial activity. Different concentrations of silver nanoparticles were studied to inhibit the
bacterial activity of two types of bacteria. It was found that green silver nanoparticles were inhibito-
ry to bacterial growth. The average size of the green silver nanoparticles was 19.5 nm, smaller than
the chemical silver nanoparticles (30.38 nm), and their optical band gaps were identical. Approxi-
mately, spectrophotometry of green silver nanoparticles and chemically synthesized silver nanopar-
ticles shows through spectroscopic data that they stabilize and synthesize silver nanoparticles. Ac-
cordingly, green synthesis is more successful, safer and less expensive than chemical synthesis.
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INTRODUCTION

Abstract

Environmental contamination with toxic heavy metals is a global
concerne. Cleaning up heavy metals from contaminated aquatic sys-
tems forces a lot of challenges. Phytoremediation processes are the
interesting safe techniques that were focused by scientists and gov-
ernments during the last decades for the up-taking of toxic heavy
metals from ecosystems. Consequently, phytoadsorption approach
was applied in this research using dry empty pods of fava beans (Vi-
cia faba L.) to evaluate their potential for the removal of toxic lead
heavy metal from its aqueous solutions. We have developed a green
and simple method to remove lead ions (Pb?") from their aquatic sys-
tem. The obtained results have showed that the 350-1000-um bio-
mass particles of fava beans pods were able to take up lead ions at
highly rated removal percentages and high adsorption capacity using
100-ml, 100-ppm solutions at room temperature and neutral pH. For
example, the highest removal percentage of lead ions was 66.8%
with an absorption capacity of 3.34 mg/g using 2.0 g at a shaking
rate of 200 OSC/min after 30 min. On the other hand, the removal
percentage of lead ions using 0.1 g of fava beans pods biomass was
36.8 % with the highest absorption capacity of 36.8 mg/g at a shak-
ing rate of 800 OSC/min at the same period of time. Therefore, the
empty fava beans (Vicia faba L.) pods can be used as potential phy-
toadsorbents for the removal of lead and other heavy metals from the
contaminated aquatic ecosystems.

Keywords: Phytosorption; Dry Empty Fava Beans Pods; Lead
Heavy Metal; Aqueous Solutions.

Environmental pollution refers to any negative changes in the ecological balance of the earth’s
components; land, water and air. These changes can lead to serious phenomena such as climate
change which causes major difficulties to the life of all creatures. For example, it can end up with
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health risks to humans, animals, and plants. The anthropogenic activities and natural sources are
among the main reasons for this contamination. Chemicals, in particular toxic heavy metals, are the
most dangerous contaminants to ecosystems, living organisms and therefore to humans (Prasad &
Freitas, 2000; Briggs, 2003; Rajakaruna et al., 2006; Zaynab et al., 2022). Heavy metals are ele-
ments that have high atomic weights with densities greater than 5 g/cm3. They are non-
biodegradable materials in the environment. Generally, they are found in two groups; essential met-
als, which have important roles for the biological systems, such as iron (Fe), zinc (Zn), manganese
(Mn), cobalt (Co), and copper (Cu). The second type is non-essential metals; which do not have any
biological roles but also have toxic effects even at low concentrations, such as arsenic (As), lead
(Pb), cadmium (Cd), mercury (Hg) (Chen, 2012; Appenroth, 2010). VVolcanic eruptions, forest fires,
rock weathering, wind-borne soil particles, and sea-salt sprays represent the natural sources of
heavy metals that can be released into the ecosystems. On the other hand, human activities such as
domestic wastewater, industrial processes, paints, batteries and textile industry, industrial discharg-
es, agricultural processes, pesticides, fertilizing, mining, and vehicle emissions are the second
source of heavy metals (Briggs, 2003; Xiong et al., 2016). The release of heavy metals into the
lands and water is a serious threat to agricultural processes and pure groundwater. Exposure to toxic
metals can cause a wide variety of diseases and disorders in human, animals and plants. Soft tis-
sues, the brain and nervous system, liver, kidney, and lungs are the most affected organs that can be
damaged by exposure to toxic heavy metals, chronically and acutely. Additionally, Alzheimer’s
disease (AD), Parkinson's disease (PD), Huntington’s disease (HD), amyotrophic lateral sclerosis
(ALS), Minamata disease, and ataxias are the most well-known neurodegenerative diseases and
disorders related to toxic heavy metals (Jaishankar et al., 2014; Breydo & Uversky, 2011).

Generally, the type of heavy metal, its chemical form, dosage, duration and mean of metal expo-
sure, and its solubility in water are the main reasons for heavy metal toxicity. Moreover, accumula-
tion, biomagnification, and resistance to degradation or elimination in live systems are significant
factors that lead to an increase the metal toxicity (Aebeed et al., 2022; Ibrahim et al., 2021). Due to
the toxic effect of heavy metals in all ecosystems, humans, animals and plants, a lot of efforts to
diminish the contamination by heavy metals particularly in the aquatic areas have been afforded.
Looking for green solutions such as decontamination or remediation processes for the treatment of
water has become a challenge (Ibrahim et al., 2021; Sekhar et al., 2003). The removal of toxic
heavy metals from aquatic systems can be achieved using traditional methods such as mechanical,
physical or chemical processes. The traditional methods that can be used for removing heavy metals
from water are precipitation, ion exchange, membrane processes, evaporation, chemical oxidation
or reduction, solvent extraction, chemical fixation, chemical alteration/complexation, capping,
membrane filtration, electrochemical treatment technologies, floatation, coagulation, and floccula-
tion (Sekhar et al., 2003; Abdel-Halim et al., 2003; Qadeer & Akhtar, 2005). On the other hand,
there are modern methods that have received a lot of attention from governments and international
organizations. These methods are based on the functionalization of the biological material and bio-
technology. The most interesting approaches are called bioremediation processes (Prasad & Freitas,
2000; Sekhar et al., 2003; Mueller et al., 2009).

The bioremediation process is defined as a simple, innovative, effective, and potentially green tech-
nique that utilizes plants, animals or microorganisms to clean up all types of contaminated ecosys-
tems. It is well-known as phytoremediation in the case of using plants as a cleaner (plant-based en-
vironmental remediation), or zooremediation for the use of animals. If microorganisms were used in
the bioremediation process, then it is known as a microbial remediation (Mueller et al., 2009; Sharif
et al., 2023; Sharif et al., 2023). phytoremediation is a cost-effective, efficient, sustainable and
green technology that uses plant species to clean up contaminated ecosystems from pollutants to
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improve the environment and make it more sustainable (Sharif et al., 2023; Sharif et al., 2023,;
Ibeanusi et al., 2009; Erdei et al., 2005). Removal of heavy metals from ecosystems (soil or water)
by plants using the phytoremediation technology was divided into seven mechanisms depending on
the state of the plant. If the plant was alive, there are six mechanisms which are phytoextraction,
phytostabilization, phytodegradation, phytovolatilization, phytostimulation (rhizodegradation), and
phytofiltration (rhizofiltration). Whereas, it is named as a phytosorption mechanism if the plant is
dead. This technique can be further classified into two types; phytoabsorption and phytoadsorption
(Sharif et al., 2023; Waoo et al., 2014; Karman et al., 2015).

Phytoadsorption technology is a relatively new, green, simple, and efficient approach that uses the
dead cell biomass of plants for the removal of pollutants, in particular toxic heavy metals, from
aqueous solutions or industrial wastewaters. Furthermore, it is an inexpensive, sustainable, poten-
tial, and profitable process. There is a wide variety of available natural materials such as agri-food
wastes (AFW) that were used as adsorbents in the adsorption process (Redha, 2020; Amuda et al.,
2007; Hashem., 2007; Shin & Rowell, 2005). The phytoadsorption process was defined as a biolog-
ical physicochemical interaction between the biomass of plants and the pollutants to remove them
from their medium by either physical or chemical adsorption. While the plant biomass, in the phys-
ical adsorption mechanism, uses the physical attractions (hydrogen bonding or Van der Waals at-
tractions), it uses the chemical bonding (ionic bonds, and covalent bonds) in the chemical adsorp-
tion process on the surface of natural material. There are many factors that play significant roles in
the phytoadsorption efficiency. These factors are pH, temperature, contact time, biomass dosage,
initial metal concentration, presence of another cation, and chemical modifications of biosorbents.
This technique was widely used for removing heavy metals from their aquatic systems onto the sur-
face of dead plant particles (Redha, 2020; Rahman & Sathasivam, 2015; Salim et al., 2021; Dubey
et al., 2014; Etorki et al., 2014).

In this study, we aimed to assess the potential of dry empty fava bean pods as phytoadsorbent for
the removal of lead heavy metal ions from their agueous solutions using the phytoadsorption tech-
nique.

MATERIALS AND METHODS

Sample Preparation

Lead Metal (Pb?*)
A 100-ppm lead metal ions solution was prepared by dissolving lead nitrate, Pb(NO3)z2, in distilled
water. This concentration was used in all experiments thereafter.

Biomass of Empty Fava Beans Pods

Fresh fava beans were collected from the local market, in Benghazi city, Libya. The fava bean pods
were emptied from seeds, washed with water, and dried in a dark place for 2 months. Next, they
were ground and an amount of 350-1000-um particles were sieved with two sieves. The dry parti-
cles were then stored in a dark and dry place for the next steps.

Phytoadsorption Experiments and Analysis of Samples

All experiment procedures and samples analyses were carried out according to standard methods
(Sharif et al., 2023; Sharif et al., 2023). Different amounts of empty fava beanspod particles, 2.0,
1.0, 0.50, or 0.10 g, were separately added to 100 mL of the 100-ppm lead nitrate solution of each
sample in a 500-mL container (polyethylene bottle). Then, they were shaken well using an instru-
mental shaker (Flask Shaker SF1) at various shaking rates of 200, 400, 600, and 800 OSC/min for
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30 minutes. All experiments were conducted at room temperature and a neutral pH. All bottles of
the lead-fava beans powder mixtures were left for 24 hours to allow the solid matter to precipitate.
Next, the precipitated mixtures were filtered using the Whatman filter papers No 1. The filtrates
were then diluted to 1 ppm and acidified with nitric acid (0.5 mL of 60% HNOs3) at a rough pH of 3,
and stored in the refrigerator for the next steps. Concentrations of the remained lead metal ions in
all filtrates were detected using the flame atomic absorption spectroscopic (FAAS) instrument
(Model: Perkin Elemer 500) at a room temperature of 24 °C and a pH of solutions at 2.5-3.6. Even-
tually, the removal percentage (%) of lead ions and the adsorption capacity ge (mg/g) were calculat-
ed. The adsorption capacity of each sample after equilibrium was calculated by the mass balance
relationship equation as follows
ge = (Ci— Ca) VIW

where C; is the initial concentration of lead ion solution (mg/L), Cq is the detected concentration of
filtrate solutions (mg/L), V is the volume of the solution (L) and W is the mass of adsorbate (g).

RESULTS AND DISCUSSION

All investigated samples showed that the empty fava bean pods, which are used as bioadsorbent,
with a size of 350-1000 um were efficiently able to remove significant amounts of lead ions from
their aqueous solutions. This depends on many studied factors such as loaded biomass, and shaking
rate at a contact time of 30 minutes. These observations were due to the high affinity of biomass
surface to adsorb the lead ions.

Shaking Rate: 200 OSC/min

Various amounts of biomass loading (2.0, 1.0, 0.5, and 0.1 g) were investigated during 30 minutes
of shaking. Generally, there was a fluctuation in the observed removal percentages of lead ions
(Table 1, Figure 1). For example, the removal percentage of lead ions using 2.0 g of fava bean pods
was 66.8% after 30 minutes of shaking (entry 1). This result represents the highest removal per-
centage within all samples. The adsorption capacity of this experiment was 3.34 mg/g. Next, the
removal percentage decreased to 21.4% with an adsorption capacity of 2.14 mg/g due to the use of
1.0 g of biomass at the same period of time (entry 2). This represents the least adsorption capacity
of all conducted samples. Unexpectedly, although the loading of the dry fava beans pods was de-
creased to 0.5 g the removal percentage of lead ions was raised to 44.9% with a significant increase
in the adsorption capacity with 9.98 mg/g (entry 3). Eventually, by decreasing the biomass loading
to 0.1 g, the removal percentage of lead ions decreased to 18.8% with a remarkable increase in the
adsorption capacity of dry fava bean particles to 18.8 mg/g (entry 4).

Shaking Rate: 400 OSC/min

Similarly, different amounts of biomass (2.0, 1.0, 0.5, and 0.1 g) were investigated during the same
interval time of shaking (30 minutes). The observed results of these experiments showed the same
pattern of the removal percentages (Table 1, Figure 1). For instance, the removal percentage of lead
ions by using 2.0 g of the dry fava beans pods was 56.6% after 30 minutes of shaking (entry 5).
This result represents the highest removal percentage within this group. The adsorption capacity of
this experiment was 2.83 mg/g. Next, the removal percentage decreased to 38.6% with an adsorp-
tion capacity of 3.86 mg/g due to the use of 1.0 g of biomass at the same period of time (entry 6).
Afterward, when the loading of the dry fava beans pods was decreased to 0.5 g, the removal per-
centage of lead ions was raised to 47.1% with a significant increase in the adsorption capacity to
9.42 mg/g (entry 7). At the lowest amount of biomass loading with 0.1 g, the removal percentage of
lead ions decreased to 26.3% with a remarkable increase in the adsorption capacity of dry fava
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beans particles into 26.3 mg/g (entry 8). These results were consistence with the previous observa-
tions of the 200 OSC/min shaking-experiments.

Shaking Rate: 600 OSC/min

Using the same amounts of dry fava bean particles (2.0, 1.0, 0.5, and 0.1 g), four experiments were
conducted at the same period of time (30 minutes). The observed results in these experiments
showed a gradual decrease in the removal percentages of lead ions with the decreased load of dead
biomass (Table 1, Figure 1). For example, the Pb-removal percentage using 2.0 g of the dry fava
beans pods was 54.9% after 30 minutes of shaking (entry 9). This result represents the highest re-
moval percentage within this group as expected. The adsorption capacity of this experiment was
2.75 mg/g. Next, the removal percentage decreased to 37.6% with an adsorption capacity of 3.76
mg/g due to the use of 1.0 g of biomass at the same period of time (entry 10). Interestingly, when
the loading of the dry fava beans pods was decreased to 0.5g the removal percentage of lead ions
was decreased to 29.6% with a significant increase in the adsorption capacity of 5.92 mg/g (entry
11). Consistently, at the lowest loading of biomass (0.1 g), the removal percentage of lead ions de-
creased to 28.7% with a remarkable increase in the adsorption capacity of dry fava bean particles
into 28.7 mg/g (entry 12).

Shaking Rate: 800 OSC/min

Similarly, the same amounts of biomass (2.0, 1.0, 0.5, and 0.1 g) were also investigated for the
highest shaking rate during the same contact time (30 minutes). The observed results of these sam-
ples showed the same pattern of the removal percentages of all the previous experiments (Table 1,
Figure 1). For example, the removal percentage of lead ions using 2.0 g of the dry fava beans pods
was 53.1% after 30 minutes of shaking (entry 13). The adsorption capacity of this experiment was
2.66 mg/g. Next, the removal percentage decreased to 40.8% with an adsorption capacity of 4.08
mg/g due to the use of 1.0 g of the biomass at the same period of time (entry 14). Next, with 0.5 g
loading of the dry fava beans pods the removal percentage of lead ions increased to 48.6% with an
increase in the adsorption capacity of 9.72 mg/g (entry 15). Finally, at the lowest loading of fava
beans biomass, 0.1 g, the Pb-removal percentage decreased to 36.8% (entry 16). The calculated ad-
sorption capacity of dry fava bean particles using this amount of material was 36.8 mg/g. This result
represents the highest adsorption capacity within all conducted experiments.

Table: (1). The removal percentage of Pb?* (%) and adsorption capacity, de, (mg/g) after shaking using dry empty fava
beans pods.

Entry Biomass (g) Shaking Rate(OSC/min) Pb Detected (ppm) Pb Detected(%) Pb Removal Adsorption Capacity

(%) (mg/g)
1 2.0 200 33.2 33.2 66.8 3.34
2 1.0 200 78.6 78.6 21.4 2.14
3 0.5 200 55.1 55.1 44.9 8.98
4 0.1 200 81.2 81.2 18.8 18.8
5 2.0 400 434 434 56.6 2.83
6 1.0 400 61.4 61.4 38.6 3.86
7 0.5 400 52.9 52.9 47.1 9.42
8 0.1 400 73.7 73.7 26.3 26.3
9 2.0 600 45.1 45.1 54.9 2.75
10 1.0 600 62.4 62.4 37.6 3.76
11 05 600 70.4 70.4 29.6 5.92
12 0.1 600 71.3 71.3 28.7 28.7
13 2.0 800 46.9 46.9 53.1 2.66
14 1.0 800 59.2 59.2 40.8 4.08
15 0.5 800 51.4 51.4 48.6 9.72
16 0.1 800 63.2 63.2 36.8 36.8

Conditions: Pb?* concentration = 100 ppm. Particle size of dry empty fava beans pods: 350-1000 um. Contact time: 30 min. Bottle volume: 500 mL.
Sample volume: 100 mL.
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Figure: (1). The removal percentage of Pb?* (%) after shaking using dry empty fava beans pods.

Adsorption Capacity of Fava Beans Pods

The adsorption capacity, ge, of dry fava bean pods for the removal of lead ions from their aqueous
solutions was gradually decreased from using 0.1 to 2.0 g of the biomass (Figure 2). It was ob-
served that the shaking rate of 800 OSC/min afforded the highest adsorption capacity of the 0.1 g
ground fava bean pods. Then the adsorption was sharply decreased due to using 0.5 g of the dry bi-
omass, followed by a gradual decrease in the capacity with increasing the amount of bioadsorbent
that was used. Similarly, the applied shaking rates have shown that the pattern of adsorption capaci-
ty of the dry particles of fava bean pods was in inverse proportion with the biomass loading.

To our knowledge, this work is the third attempted report for the investigation of the dry empty fava
beans pods as bioadsorbent for the removal of lead ions from aqueous solution (Naji et al., 2019;
Sanchez-Ponce et al., 2022). According to Naji, the removal percentage of lead ions from their 100
mL synthetic wastewater solution using 1 g of the dry fava bean pods (<1000 pm) was around 68,
70, and 80% after 1, 2, and 4 hours of shaking (125 OSC/min), respectively, at pH 5. [30] Recently,
it was reported that the removal percentage of Pb?* using 0.5 g of empty broad beans pods (<125
um) was 91.5% with an adsorption capacity of 15.62 mg/g from50 mL, 1 ppm of lead ions solution
after 24 hours of shaking using an orbital laboratory shaker (200 rpm). However, these observations
were not optimized during that study (Sanchez-Ponce et al., 2022).
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----- 200 == =400 — - 600 — 800
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S
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Figure: (2). The adsorption capacity, ge, (mg/g) of dry empty fava beans pods for the removal of Pb?*.
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CONCLUSION

Contamination of aquatic systems with heavy metals has become a dangerous threat to humans, an-
imals and plants. Removal of these pollutants required continuous developments of green technolo-
gies. Recently, the phytoadsorption process has been proved as a well-known, green, potential and
sustainable approach for the removal of heavy metals using a wide variety of natural materials
plants. The obtained data from the designed experiments have shown that the dead biomass of emp-
ty fava bean pods can be used as efficient phytoadsorbents for the removal of lead heavy metal ions
from their aqueous solutions at low concentrations.
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Abstract

Tannic acid as a polyphenol has biological and pharmacological activi-
ties, as well as its ability to bond to a wave of transition metals. In this
study, the protonation equilibria of the tannic acid were determined and
used for determining the stability constants of the binary complexes
formed with iron (Il) ions in the aqueous medium under the experi-
mental conditions by the potentiometric method using Irving and Ros-
sotti equation, where Stability constant was 3.205 for Fe(ll)-tannic acid
complex. In contrast, Fe(ll) formed complexes with tannic acid of vari-
ous stoichiometries, which in the 1:1 molar ratio at pH = 11.24. Fur-

thermore, the ionic strength and the influence of temperature on the sta-
Accepted: bility of the complexes are investigated, where stability constant in the
25 August 2024 presence of 0.1 M NaCl (ionic strength) of binary iron-Tan complex
equal 3.254, and at different temperatures were log K1= 3.156 at 298.15
K, log K1 =3.205 at 310.15 K, and log K1= 3.256 at 313.15 K.
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Keywords: Ferrous ions; Formation constant; Binary complexes; poten-
tiometry; tannic acid

INTRODUCTION

The majority of most living organisms depend on iron as a necessary mineral element since it is
considered essential to all life and existence. It can be found in most nutrition bases (Abbaspour et
al., 2014). The right amount of gin is produced by the body to minimize iron production; too much
or too little causes an imbalance in the body. As the protein that carries oxygen to all of the body's
cells and organs, hemoglobin needs iron to function (McGee, 2017). It also functions as a catalyst
for many other enzymes, including catalase (Kadiiska et al., 1995). A newborn child's body has 0.5
grams of iron, compared to 4-5 grams for an adult male and roughly 3 grams for a female's body
(Moustarah & Daley, 2024). The majority of this amount 65% is found in red blood cells, specifi-
cally in hemoglobin. The remaining 25% is found in iron reserves, such as ferritin or hemosiderin,
and the other 10% is found in muscles, specifically in myoglobin (McDermid & Lonnerdal, 2012,
Kaufman et al., 2024).

Many foods include two different forms of iron: non-heme iron, which is found in grains, vegeta-
bles, fortified foods, nutritional supplements, eggs, almonds, and green vegetables, particularly
spinach; and heme iron, which is associated with hemoglobin and myoglobin (Hurrell & Egli,
2010). Heme iron is bioavailable (15-35%) and is not significantly affected by dietary variables,
but non-heme iron absorption is significantly lower (2-20%) and extensively influenced by other
food components (Piskin et al., 2022). However, in most meals, non-heme iron is far more plentiful
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in the diet than heme iron. Despite its lower bioavailability, non-heme iron makes a greater contri-
bution to iron nutrition than heme iron. The substances that inhibit iron absorption comprise poly-
phenols, calcium, and photic acid (Ems & Huecker, 2019).

Many types of plant material include tannin. Galatannin is the chemical component that makes up
most natural tannin (Cotoraci et al., 2021). It contains a complicated compound that is fundamental-
ly made up of one glucose molecule bound to up to five digallic acid molecules, as seen in Figure 1
(Fu & Chen, 2019). The tannin molecule hydrolyzes in a water solution to produce glucose and
digallic acid. Tannic acid's acidic qualities are derived from the carboxyl hydrogen found inside the
digallic acid molecule. One particular kind of tannin, a kind of polyphenol, is tannic acid. The vari-
ous phenol sets in the molecule are the source of its low acidity (pKa of about 6). This formula is
equivalent to decagalloyl glucose. The above system represents the tannic acid utilized in those
tests, which has a molecular weight of 322 (Fu & Chen, 2019). To reduce bleeding, people apply
tannic acid to the area where they have been exposed, especially to cold sores and fever blisters,
diaper rash and prickly heat, poison ivy, ingrown toenails, sore throat, sore tonsils, spongy or reced-
ing gums, and skin rashes.

OH

HO._ J/L OH
[ T PO—— (f”
© . HO_A__OH
Z

T
J/J\l/() e
A
o Sy 1

Figure (1). Configuration of tannic acid (Fu & Chen, 2019)

Oral tannic acid treatment is available for bleeding, dysentery, prolonged diarrhea, bloody urine,
aching joints, persistent coughing fits, and cancer (Chen et al., 2022). Over the past ten years, there
has been a growing usage of tannic acid (Tan), an antioxidant present in plants, in biomedical re-
search.(Maharani et al., 2022). Tannic acid extracted from the galls of oak trees has been used for
ages in various important applications (Maharani et al., 2022). Tan's application in Tan is based on
its hydrogen bonding properties with proteins and other biomolecules, as well as its abundance of
hydroxyl groups, which provide it versatility (Baldwin & Booth, 2022). Huge, subdued-colored
molecules that exhibit colloidal behavior can be found in combinations of tannic acid and iron
(Ahmad, 2014).

There are some Factors affecting the stability of metal compensation such as solvent, temperature
(which has an impact on the values of stability constant) and the nature of ligands. In a prior study,
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the potentiometric approach was to estimate the stability constants of binary complexes generated
from iron (I1) ions with tannic acid as our controversial motive for exploring the behavior of metal
ions in aqueous solution (Al-abbasi A., 2023, Al-abbas1 A., 2023, Belkher, 2019 , Al-abbasi et al.,
2022, Suhud et al., 2015, Khalifa, 2018, Dnkm et al., 2024). Additionally, the exploring the effect
of temp. and ionic strength of NaCl on the formed complex and calculating thermodynamic pa-
rameters.

MATERIALS AND METHODS

Chemicals and Instrumentations

All chemicals and materials were of reagent grade or the highest quality commercially available and
were used without further purification: Tannic acid (BDH Chemicals, 99%), ferrous Chloride (Car-
lo Erba, 99.8 %), Sodium Hydroxide (Shandong China), 98.8%), Sodium Chloride (BDH Chemi-
cals, 99.7%), Hydrochloride (Scharlau chemise, 36%). The devices used are all from well-known
companies: Balance (Mettlertoledo/Al204), Thermostat Water Bath (Grant Instrument, England),
Conductivity/ pH-meter (Thermo Electron/Orion3 Star (PH Benchtop)/USA).

Preparation of Standard Solutions

Ferrous chloride (0.176 g) was dissolved in a standard beaker (100 mL), and the volume was filled
with distilled water (deionized) up to the mark to obtain a concentration of 0.01M. Other concentra-
tions of 0.001 M and 0.005 M were obtained. Tannic acid (0.176 g) was dissolved in a standard
flask with a capacity of 100 mL, and the volume was filled with distilled water up to the mark to
obtain a concentration of 0.01 M, from which other concentrations (0.005 M) were obtained. 0.001
M. A solution of (0.1 M) sodium hydroxide was prepared by dissolving the requisite quantities (2 g)
with distilled deionized water. The solution of sodium hydroxide was standardized by titrating
against the standard oxalic acid solution. The solution was used as the titrant for the pH-metric titra-
tions. Sodium chloride solution (0.1 M) was prepared by dissolving 1.461 g of NaCl in a standard
250 mL beaker and filling the volume up to the mark with distilled (deionized) water.

Effect of temperature and ionic strength on the formation of binary complex

The temperature effect on the binary and ternary complexes was studied pH-metrically at tempera-
tures of 293.15 K, 298.15 K, 303.15 K, 310.15 K and 313.15 K and 0.004 M metal ion concentra-
tion. The stability constant was determined at each temperature, and its values can be correlated
with AG (free energy), AH (enthalpy), and AS (entropy). The potential and conductivity measure-
ments were performed in the presence of a strong electrolyte of NaCl. This study was conducted to
determine the effect of adding 0.1 M sodium chloride (NaCl) on the formation of the complexes at a
temperature of 313.15 K.

RESULTS

Formation constants of the ligands
Dissociation constants of Ascorbic acid, Glutamine, and Tannic acid were investigated by titration
titrations using sodium hydroxide. The following curves were constructed using the titration data:
i.  Free Acid (HCI) Curve
ii.  the free acid+ Tannic acid (HCI+ Tan) Curve.
kY
HL 2 H 4+ 1L~
+ —
o [HIL] ,
! [HL]
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Values of na (average number of protons attached to each ligand) were determined according to
Irving and Rossotti as shown in Eqg. 3:
(V' —V")x (N — E)

(V= =VxT; 3
Where: 71, is the average number of protons bound per not complex bound ligand molecule, y is the
number of the replaceable hydrogen atoms from the ligand, V© is the initial total volume of solu-
tion, V' and V" are the volume of alkali required to attain the same pH in the acid curve and same
pH in the (acid + ligand) curve, respectively, N is the concentration of alkali, E° and 7 are the ini-
tial concentration of HCI acid and the total ligand concentration, respectively. The pH value corre-
sponding to na= 0.5, 1.5, 2.5, 3.5, and 4.5 is represented by the values of logkf, logk¥, logk¥, and
logkf (the ligands' proton dissociation constants) as shown in (Table 1).
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Figure (2). Potentiometric titration curves and Protonation constant curves of 0.01M Tannic Acid at 310.15 K

According to the Irving Rossetti equation, Figure 2 shows how the correlates' dissociation constants
can be calculated from the pH value corresponding to their na values at (0.5, 1.5, 2.5 values). For
Tannic acid, the logk®, logk¥, logk¥, and logk¥ values are given by the pH values corresponding
to 1.5, 2.5, 3.5 and 4.5 values. As for Tannic acid, it shows similarity in the recorded values, but a
difference appears in the number of protons given, in which the results recorded in this study
showed that the Tannic acid gives four protons, while the previous study showed that it gives only
two protons (Zheng et al., 2016).

Table (1). Values of dissociation constants of Tan at 310.15K

298.15 K 310.15 K 313.15K
K«a1=11.65 Ka =11.51 Ka=12.5
Ka2 =11.08 Ka =11.3 Ke=12.0
Ka =10.15 Ka= 11.08 Ka= 11.15
Ka =8.05 Kas=10.35 Kau= 9.1
Kas =6 Kas =8.2 Ks=7.0
Kae:/ Kae =24 K6: 2.3

Binary complex of ferrous Tennate

The stability of complexes of iron (Fe*?) with different bioactive Tannic acids was studied by the
potentiometric method. This study was done by forming this complex in an aqueous solution in the
presence and absence of ionic strength of sodium chloride at a body temperature of 37 °C under
certain conditions of concentration. Formation constants of Iron (Fe*2) binary complex Tannic acid
were studied by potentiometric titrations using sodium hydroxide. The following curves were con-
structed using the titration data:

1) Free acid curve
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2) free acid + Tan

3) free acid+ Tan + Fe*?

Following equations were used to compute 7 (average number of ligand molecules attached) and p.
(free ligand exponent) as revealed by Irving and Rossotti (Almbrok, 2023; Irving & Rossotti, 1954;

Irving, 1953): X (V= B9

T VR T < 4
A[H* HopKH([HYE Ve + V"
oL — togrlt PREIH*] + pKE - pKE(HHY® .5
Tp — AT Ve

Where 7, is the average number of protons bound per not complex bound ligand molecule, V° is the
initial total volume of solution, V', V" and V™' are the volume of alkali required to attain the same
pH in the acid curve, same pH in the (acid + Tan) curve and volume of alkali required to attain the
same pH in the (acid+ Fe*2 + Tan) curve respectively, N is the concentration of alkali, E° and 72 are
the initial concentration of HCI acid and the total ligand concentration, respectively, Ty is total met-
al ion concentration.

The stability constant of ferrous binary complexes with Tan ligands were investigated potentiomet-
rically. The effect of changing the concentration of ferrous ion on stability constants of binary com-
plexes were investigated by using different concentrations of 0.001 M, 0.005 M and 0.01 M of fer-
rous ion at 310.15 K. According to Irving and Rossotti calculations; the 7 and p. values at the fer-
rous ions concentration of 0.005 M and 0.001 M were all negative. As a result, the formation con-
stants at that concentration could not obtained and the 0.01M was chosen for studying the formation
constant of ferrous binary complexes of Asc, Glut and Tan ligands. The stability constants of the
ferrous tannate complex at 310.15K were found to be 3.205 at pH 11.14

—=—HCl B —=—nL
—e— HCl+Tan
—4— HCl+Tan+Fe 0.60

o o N = = 0.55 4
c e

104 | S K 0.50

T T T T 1 T T
5 10 15 20 25 0 5 10 15 2
V.NaOH 0.1M pL

Figure (3). Potentiometric titration (A), and Protonation constant Curves (B) of ferrous- Tan complex at 0.01M
The following general observations can be made: (i) The metal solutions employed in the present
investigation are dilute (1x1072 M); (ii) Proton release upon the formation of the metal ion com-
plexes with the ligand was indicated by shifting the metal ion titration curves to the right-hand side
of the ligand titration curve along the alkali volume axis (Al-Saidi et al., 2020). The Tannic acid
binary complex, only shows one formation constant at pH = 11.24. the other formation constant
might be found at pH higher than 13, which is cannot detected in our experiments pH.

Curves (Figure 3) and equations (4 & 5) were utilised to determine the values of nL, pL. The metal
ion titration curves were moved to the right-hand side of the ligand titration curve along the alkali
volume axis, referring to proton release upon formation of the metal ions complexes with the ligand
[15]. The tannic acid binary complex only displays one formation constant at pH = 11.24 and log K
= 3.205; the other formation constant may be found at pH higher than 13, which is not detected in
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our experiment’s. The values of nL, pL obtained for the iron-Tan stoichiometric system indicate the
formation of 1:1 complexes, and they were related to the following equilibrium equations 6 & 7:

M* +L*<L>_'ML
__[amrr]
YA L]

Protons attaching to Tan's hydroxide group with metal ions to create complexes is related to the log
K1 value.

lonic strength

To study the effect of ionic strength on the dissociation constant of Tan and the stability constant of
its corresponding complex; a fixed concentration of each ligand (0.01 M) was chosen, and the dis-
sociation constants were studied in the presence of a fixed concentration of sodium chloride (0.1 M)
by titrations with sodium hydroxide, where the titrations data were used to build the following
curves: Free Acid + NaCl, free acid + Tan acid + NaCl, The free acid + Tannic acid + Fe*2 + NaCl
as shown in Figure 4.

—#—HCHTantFetNa
13- —o— HCl+Tan+NaCl
1) | —+—HCl+Tan+FeNa
1] geees
101
94
8-
T 71
6
54
44
34
24
1 T T T T 1
5 10 15 20 5

Add of 0.1M NaOH ml

Figure (4). Potentiometric of Tan and its complex in the presence of 0.1M NaCl at 310.15K

Figure 4 shows the potentiometric titration curves in the presence and absence of NaCl by using
Irving Rosseti's method. The obtained values of the dissociation constants are presented in Table 2.

Table (2). Dissociation constant and stability constant of Tan and ferrous tannat at 310.15K in the presence and the
absence of NaCl

Comp. Log K, Log K, in 0.1M NaCl

ot Ka =11.45

2T Ka = 11.08

Kas= 11.08 -
Tan _ Ka =10.15

Kas=10.35 -

—_ KaS - 81

Kas =8.2 -

Ko = 2.4 Kas=6.41
Ferrous-Tan Logk; =3.205 Logk:=3.254

The Table shows the values of dissociation constant and stability constant for ligand and binary
complexes and the effect of ionic strength, which were determined according to Irving Rossotti's
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method. Figure 5 and Table 2 demonstrate how the protonation constants of Tan decrease in the
presence of ionic strength, hence decreasing the degree of ligand dissociation, by looking at the dis-
sociation and stability constants for ligand and binary complexes. Additionally, the stability con-
stants of the metal ion in complexes with ligand are larger than those of the complexes without ion-
ic strength, indicating a stronger ligands between the metal and Tan.

Effect of temperature

The effect of temperature on the binary complexes of Tan with iron ions was investigated with a
constant concentration of 0.01 M and at different temperatures, where three temperatures were cho-
sen (298.15K, 310.15K, and 313.15K ) as shown in Figure 6, where iron-Tan complexes were
formed at all temperatures due to convergence and spacing of the Tan curve and iron with Tan
curve then convergence there again.
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Figure 5: Potentiometric titration (A), and Protonation constant Curves (B) of ferrous-ASC, Glut, TA complexes at
presence 0.1M NaCl, 310.15 K and 0.01M
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Figure (6). potentiometric titration and Formation constant curves of binary ferrous complexes at 298.15K,313.10K
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Effect of temperature

The effect of temperature on the binary complexes of Tan with iron ions was investigated with a
constant concentration of 0.01 M and at different temperatures, where three temperatures were cho-
sen (298.15K, 310.15K, and 313.15K ) as shown in Figure 6, where iron-Tan complexes were
formed at all temperatures due to convergence and spacing of the Tan curve and iron with Tan
curve then convergence there again.

Analyzing Figure 6 and Table 3, it can be observed that metal ions with Tan produce a particular
type of metal-ligand complexes: 1:1, with the absence of complexity being 1: 2 and the pH being
independent at varying temperatures, The formation constant values iron-Tan complexes tend to
increase with temperature as a result of increased interference between the iron and Tan ions, lead-
ing to higher nL values.

Table (3). Formation constants of binary iron complexes at different temperature

Comp. 298.15 K 310.15 K 313.15 K
Tan Ka1=11.65 Ka1 =11.51 Ka=12.5
Ka2 =11.08 Ka2 =11.3 Ka2=12.0
Kaz = 10.15 Kaz= 11.08 Kaz= 11.15
Kas = 8.05 Kas=10.35 Ka = 9.1
Kas =6 Kas = 8.2 Ks=7.0
Kas=/ Kas =2.4 Ke= 2.3
Iron-Tan log K1=3.156 log K1=3.205 log K1=3.215

Thermodynamic functions are the true measure of the interference strength between reactants and
the nature of the studied system. This study was based on the results obtained from log K calcula-
tions at different temperatures, enthalpy values were calculated using the van't-Hoff relationship
(Almutaleb & Alabbasi, 2023; Kemp, 1987).

logK =

—-AH +f_‘|5'
2303RT R

By drawing the relation between log K and 1/T, a straight line with slope (-AH/2.303R) was given Figure 7, the inter-
ception was used to calculate the entropy (AS). Where R is the gas constant and T is the temperature.
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Figure(7). Application of Van't-Hoff relationship to iron - Tan complexes

Additionally the value of the change in free Gibbs energy (AG) was calculated through the relation-
ship 9.
AG =-2.303 RT log K] 9
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The values of thermodynamic functions AS, AH, and AG for Tan with the metal ion complexes that
were calculated are listed in Table 4.

Table (4). Values of thermodynamic functions of iron ion complexes at different temperatures and 0.01M

Thermodynamic functions Values
R? 0.9998
AH (KJ/mol) +7.1074140.0
AS (J/mol . k) +36.57852+0.0
298.15K -18.01672
AG (KJ/mol) 310.15K -19.03284
313.15K -19.27690

Table 4 shows the values of the thermodynamic functions of the binary iron complexes with the
correlates under study. From this table, the following can be noted: I) The application of the Van't-
Hoff equation gave a good linear relationship indicating that the value of the correlation coefficient
is (1 0.999 ) for ferrous Tannic acid. IT) A negative value of AG indicates that the reaction occurs
spontaneously and its value decreases with the increase in temperature. III) AH values indicate that
the reaction is endothermic. IV) positive AS values indicate that the interaction between ferrous and
ligands is a random process

CONCLUSION

In this research, the stability constant (log K) and stoichiometric of these complexes were also in-
vestigated by the Potentiometric method, where the tannic acid binary complex only shows one
formation constant at pH = 11.24 and log K = 3.205. The iron-Tan stoichiometric system indicates
the formation of complexes was kept in the ratio 1:1. The Stability constants for all binary com-
plexes increase with the increase of temperature; while they decrease in the presence of ionic
strength the experimental data for thermodynamics indicates that the value of free energies (AG) of
formation of the binary complexes becomes more negative with an increase in temperature. This
shows that the complex formation is a spontaneous process and spontaneity increases with tempera-
ture, the enthalpy (AH) values indicate the endothermic nature of the complication reaction and ex-
plain the effect of temperature on the values of formation constants, and the entropy (AS) values
indicate that the complex formation is (random process and randomized increases with temperature.
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INTRODUCTION

Every ecosystem is largely composed of microorganisms (Morris & Blackwood, 2024). [h1] In an
academic setting, service desks are frequently accessible to visitors, staff, and students for a variety
of reasons. Door handles have a very high risk of cross-contamination with bacteria since they are
not regularly cleaned. Many people use the doors frequently, which lead to the collection of viruses,
which, while entering and leaving, they pick up from somewhere else and put on the handles
(Aiello et al., 2004). According to a study conducted in (Ayuba et al., 2019). to isolate and identify
bacteria from staff office door handles in a few departments of the College of Science at Gombe
State University, the traffic, exposure, and environment play important roles in changing the levels
of contamination. The departments with the highest bacterial counts were those that contained
These offices are used by a sizable number of department employees and students. According to
(Otto, 2014), staphylococcus has been discovered on human body surfaces as part of the regular
microflora and on environmental surfaces such as classroom door handles, toilets, tissues, the

The Author(s) 2024. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 Interna-
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any medium, for non-commercial purposes only, provided you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons license, and indicate if changes were made.
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bloodstream, and the noses of pets like cats and dogs. It has been documented that nearly every
staphylococcal species can lead to opportunistic infections (Otto, 2009). Hazardous and potentially
fatal infections such as severe sepsis, pneumonia, toxic shock syndrome, and endocarditis can be
brought on by Staphylococcus aureus (Lowy, 1998). Staphylococci are harmful because they can
enter the body and release a variety of endotoxins and blood enzymes (Todar, 2004). Biofilms de-
veloped which aid in the bacterial adhesion and colonization process (Forrest & Tamura, 2010).
Furthermore, it was thought to be one of the most significant disease-causing variables that promote
Staphylococcus attachment and colonization of tissues, which results in persistent infections since
pathogens are difficult to eradicate (Darwish & Asfour, 2013). Every surface has microorganisms
on it, and there are numerous direct and indirect ways for them to get there. According to the find-
ings of the study carried out by (Umeanaeto et al., 2021), there was bacterial growth in 60.9% of the
samples, with Staphylococcus spp. accounting for the largest number of isolated bacteria (20.5%).

The aim of research

To isolate and diagnose Staphylococcus aureus which contaminates door handles and table surfaces
from some labs in the botany department at the Faculty of Science, And Screening of bacteria re-
sistance to antibiotic and their capacity to form biofilm,

MATERIALS AND METHODS

Collecting of Samples and Bacterial Isolate Diagnosis

Samples were collected in 2022/2023 during the autumn season by swabs from the surfaces and
placed on a selective media of mannitol salt agar (MSA) and were incubated at 37C° for 24-48
hours. The bacteria were purified for Identification. And then the bacteria suspicious grown colo-
nies were based on Gram staining and standard biochemical reactions; including catalase, coagu-
lase, and antibiotic susceptibility test (Habib et al., 2015; JF & Williams, 2000).

Detection of biofilm formation

To detect biofilm formation at a wavelength of 492 nm using a plate reader in accordance with
(Shukla & Rao, 2017), measurements of the bacterial biofilm composition of some isolates are
made using a microtitre plate; readings are obtained via a dish reader device (Erba Lisa Scan), and
the OD is measured.

Screening of Staphylococcus species resistance to antibiotic

Nine antibiotics—Clindamycin, Oxacillin, Ampicillin, Tetracycline, Gentamicin, Trimethoprim,
Doxycycline, Vancomycin, and Amoxicillin—were used in a sensitivity test on thirty isolates. Ac-
cording to the Clinical Laboratory Standards Institute (Wayne, 2011), the antibiotics were obtained
from the Turkish business Bioanalyse in order to assess the susceptibility of Staphylococci Kirby-
Bauer, 2016 and to explain the inhibition of diameter area using the disk diffusion method.

RESULTS

Identification of S. aureus isolates from research laboratories' door handles and table surfac-
es based on their morphological, biochemical, and biofilm-forming properties

In order to collect and identify bacteria found on table surfaces and handles in the labs of the Bota-
ny Department, College of Science, Omar Al-Mukhtar University, this study was carried out in the
autumn semester of the academic year 2022. Following their isolation from laboratory table surfac-
es and handles, 33 isolates were identified based on their morphological and biochemical features,
as listed in Table (1).
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According to the findings, the majority of the isolates (30) were Staphylococcus bacteria, with 11
out of 30 being S. aureus. These findings were based on the morphological features of the colony
on mannitol salt agar medium and Gram stain, as well as the catalase test and plasma coagulase en-
zyme test. Of these, 36.7% of the isolates were S. aureus coagulase in plasma and 63.3% were

Staphylococcus negative.

Table (1) Staphylococcus and S. aureus isolates isolated from table surfaces and door handles in study laboratories

according to morphological and biochemical characteristics and biofilm formation

Isolates Colony Mannitol Gra_m Cell shape Catalase  Coagulase Definition biofilm
color stain formation
1 white - - Spherical in - - It is not Staph- +
chains ylococcus
2 white - - Spherical in - - It is not Staph- +
chains ylococcus
3 yellow + + Spherical + + S.aureus +
4 Creamy + - Spherical - + Staph. +
5 yellow + + Spherical + + S.aureus +
6 white + - Spherical - + Staph. +
7 white + - Spherical - + Staph. +
8 yellow + + Spherical + + S.aureus +
9 yellow + + Spherical + + S.aureus +
10 white + - Spherical - + Staph. +
11 yellow + + Spherical + + S.aureus ++
12 white + - Spherical - + Staph. +
13 white + - Spherical - + Staph. +
14 Creamy + - Spherical - + Staph. +
15 Creamy + - Spherical - + Staph. +
16 yellow + + Spherical + + S.aureus -
17 Creamy + - Spherical - + Staph. -
18 Creamy + - Spherical - + Staph. -
19 Creamy + - Spherical - + Staph. +
20 white + - Spherical - + Staph. ++
21 white + - Spherical - + Staph. ++
22 white - - Spherical in - - It is not de- +
chains fined
23 white + - Spherical - + Staph. +
24 white + - Spherical - + Staph. +
25 yellow + + Spherical + + S.aureus +
26 white + - Spherical - + Staph. ++
27 yellow + + Spherical + + S.aureus ++
28 white + - Spherical - + Staph. +
29 white + - Spherical - + Staph. +
30 white + - Spherical - + Staph. +
31 yellow + + Spherical + + S.aureus -
32 yellow + + Spherical + + S.aureus -
33 yellow + + Spherical + + S. aureus -

+ Poor biofilm formation ++ Moderate biofilm formation -- No biofilm formation

Staphylococcus spp. screening for antibiotic resistance

Assessing the antibiotic sensitivity of S. aureus (Clindamycin, Oxacillin, Ampicillin, Tetracycline,
Gentamicin, Trimethoprim, Doxycycline, Vancomycin, Amoxicillin) are the nine antibiotics that
were used. In hospitals and clinics, these antibiotics are thought to be the most frequently utilized
for treating bacterial infections. The results of the antibiotic sensitivity tests and the percentage of
antibiotic resistance of the bacterial isolates are displayed in Table (2). The percentage of antibiotic
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resistance varies from 0% to 100% for each isolate. The findings show that isolates No.
5,6,10,12,13, and 15 were sensitive to all tested antibiotics, while isolates No. 9,19,21, and 22
showed strong resistance at a rate of 88.9% and were susceptible to all tested antibiotics. Isolates
No. 3,8,16,17,18,23, and 30 exhibited complete resistance to the antibiotics at a rate of 100%. Each
of the isolates No. 2, 24, and 27 has a resistance rate of 77.8%, while the resistance rates of the re-
maining isolates range from 55.6% to 66.7%. The percentage of resistance and sensitivity of the S.
aureus isolates tested to each antibiotic is displayed in Table (3). The results show that the antibi-
otic with the highest resistance percentage was Gentamicin, and the antibiotics with the lowest re-
sistance percentage were Tetracyclin, Doxycycline, and Amoxicillin. The antibiotics with the high-
est resistance rates were Trimethoprim (76.7%) and Oxacillin (73.33%), where the resistance to
Oxacillin is used as an indicator of MRSA bacteria.

Table (2). Susceptibility of Staphylococcus sp. and Staphylococcus aureus isolates and their resistance to antibiotics

Percentage of resistance of a

Isolates OX-10 AX-10 TE-10 VA-10 DO-30 CN-10 AM-10  SXT-25 CLN-30 single isolate to antibiotics

1 R S R S R S R R S 55.6%
2 S R R S R R R R R 77.8%
3 R R R R R R R R R 100%
4 S S S S R R R R R 55.6%
5 R S S S S S S S S 11.11%
6 R S S S S S S S R 22.2%
7 R R R R R S S S R 66.7%
8 R R R R R R R R R 100%
9 R R R R R R R R S 88.9%
10 R S S S R R S S S 33.3%
11 S R R R R S R S R 66.7%
12 S R S S R S R S S 33.3%
13 R S S R S S S R R 44.4%
14 S R R R R S R S S 55.6%
15 S S S S S S S S S 0
16 R R R R R R R R R 100%
17 R R R R R R R R R 100%
18 R R R R R R R R R 100%
19 R R R R R R S R R 88.9%
20 S S R S R R R R S 55.6%
21 R R R R R S R R R 88.9%
22 R R R R R R S R R 88.9%
23 R R R R R R R R R 100%
24 R R R R R R R S S 77.8%
25 R S R R R R R S S 66.7%
26 R S R R R S S S R 55.6%
27 R R R R R S R S R 77.8%
28 S R R S R R R R S 66.7%
29 R R R R R R R R S 88.9%
30 R R R R R R R R R 100%

S is sensitive to antibiotics R is resistant to antibiotics
Table (3). Percentage of sensitivity and resistance of Staphylococcus aureus isolates to antibiotics

Antibiotic Sensitivity resistance%
Clindamycin 33.33% 66.67%
Oxacillin 26.67% MRSA 73.33%
Ampicillin 33.33% 66.67%
Tetracyclin 40% 60%
Gentamicin 13.33% 86.67%
Trimethoprim 23.33% 76.67%
Doxycycline 40% 60%
Vancomycin 30% 70%

Amoxicillin 40% 60%
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DISCUSSION

According to a study, the microscopic diagnosis of Gram-stained slides revealed that the cells were
spherical, clustered, and positive for Gram stain. In (Chakraborty et al., 2011) All isolates had the
capacity to withstand a high concentration of mannitol salt, according to the results of biochemical
tests, which is in line with a study's findings (Ahmed et al., 2010) and that the mannitol sugar can
be fermented by S. aureus. The discoloration of the medium to a yellow hue distinguishes the strain
in question from certain staphylococci strains that lack the capacity to metabolize mannitol, thus
preserving the medium's original coloration. Furthermore, empirical evidence from biochemical
analyses has confirmed that each staphylococcal isolate exhibits catalase enzyme activity, a trait
corroborated by the results of the plasma coagulation enzyme test, which relies on this enzymatic
activity. Specifically, Staphylococcus aureus, as the producer of coagulase enzyme, contrasts with
other Staphylococci species that do not produce the enzyme essential for plasma coagulation. These
discernible distinctions align with the conventional characterization of staphylococcal bacteria.
(Baron et al., 1994; JF & Williams, 2000). 80% of the Staphylococcus isolates, according to the re-
sults of the biofilm formation test, were able to form biofilm. Of these, 29% were isolated from the
S. aureus species, of which 20.8% had a high ability to form biofilm and 79.1% had a moderate
ability. The outcomes supported the researcher's conclusions (Erfani et al., 2015): Our study's find-
ings were consistent with the researcher's, since 80% of staphylococcal isolates develop biofilm
(Tsopmene et al., 2023) All isolates of Staphylococcus spp. produced biofilms; 12.69% produced
strong biofilms, 77.77% produced moderate biofilms, 9.52% produced weak biofilms, and so on.

The percentage of resistance for Vancomycin was 70% and the lowest percentage was 66.7% for
both Clindamycin and Ampicillin. The results of our research agreed with the researcher's findings
(Yeh et al., 2011). The majority of Staphylococcus spp. isolates are resistant to Ampicillin, which
contradicts the findings of the researcher (Noel et al., 2017) who found that Gentamicin is the anti-
biotic with the lowest resistance rate, 15.3%, for the majority of Staphylococcus spp. isolates. Addi-
tionally, the results of the researcher (Dominguez et al., 2002) showed that the isolates of Staphylo-
coccus had low resistance to Clindamycin, Gentamicin, Tetracycline, and Oxacillin, with resistance
rates of 2.6%, 13%, 20.5%, and 25.6%, respectively, and high sensitivity against Vancomycin. Fur-
thermore, the results of our study converged with the researcher (Vaez et al., 2011), as the isolates
demonstrated high resistance to Ampicillin, and our findings where the Staphylococcus isolates did
not accord with the researcher's findings about the isolates' susceptibility to vancomycin and gen-
tamicin at 100% and 76%, respectively, and demonstrated resistance to amoxicillin, oxyacillin,
telacyclin, and clindamycin. The results obtained by the researcher mentioned did not align with our
findings (Nazarchuk et al., 2020). Sensitivity to gentamicin in S. aureus was noted at 42.86%,
whereas sensitivity to doxycycline stood at 65.38%. Our study's results were consistent with those
reported in Shaker's investigation from 2018, revealing that Staphylococcus isolates showcased re-
sistance to a spectrum of antibiotics, including Amoxicillin, Gentamicin, Vancomycin, Ampicillin,
Oxacillin, and Trimethoprim.

CONCLUSION

The study's findings indicate that Staphylococcus species, including S. aureus, were widely distrib-
uted on laboratory door and table handles. It demonstrated that Staphylococci were treated with an-
tibiotics in hospitals and clinics despite their various resistance. The implementation of treatment
recommendations and the establishment of a robust national action plan to address antibiotic re-
sistance are crucial for countries, as contaminated hands can spread bacteria to handles and table
surfaces within university buildings. Numerous isolates that are resistant to various antibiotics oc-
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cur as a result of the use of multiple antibiotic kinds. Because overusing antibiotics can lead to a
number of issues, including the emergence of new strains of antibiotic-resistant bacteria and the de-
velopment of antibacterial resistance, we advise only using antibiotics when absolutely necessary
and in the appropriate manner. Be cautious to prevent infection by often washing your hands and
avoiding close contact with ill persons. Door handles play a significant part in the transfer and
spread of bacteria and should therefore be given special attention during sterilization since the
transmission of bacteria from stainless steel surfaces to the hands is increased.

Duality of interest: The authors declare that they have no duality of interest associated with this
manuscript.
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INTRODUCTION

Abstract

The study aimed to present the first record of insect families in
Farwa Island. Farwa Island is the largest and most important
island in Libya; located in Northern west part of Libya in the
Mediterranean, its insect fauna is poorly studied. Short time
intensive collection of insect samples was conducted in four
areas (mouth of the valley, bay of containers, center of the Is-
land, and Ras-Attalgha) in February, March and April 2021.
Different methods were used for insect collection, sorting,
preservation and later identification to the lowest taxonomic
level and verification. 9 orders, 31 families, 40 genera and 58
insect species were collected in the study; the center of the Is-
land had the highest numerical density and diversity of insect
fauna due to its diverse vegetation compared to other areas.
Diverse suitable habitats and absent insect control measures
provided suitable environmental conditions for insects breed-
ing, feeding and hiding from enemies. This study constitutes
the first comprehensive survey of insect fauna on Farwa Island
and adds significant value to the ongoing assessment of insect
diversity in Libya. A long-term study has to be conducted to
investigate detailed information about the abundance and di-
versity of insects and other arthropods on Farwa Island.

Keywords: Collection, Biodiversity, Farwa Island, Insect fau-
na, Libya

Insects are invertebrate animals (Phylum: arthropods) that comprise the largest known and most
widely distributed group (Class: Insecta) of multicellular organisms worldwide. Although the esti-
mates of their numbers may vary, most entomologists agree that there are approximately 1.1 million
described insect species. However, estimates of their actual number vary from 1.5 to 5 million spe-
cies, and a consensus is converging on about 3.5 million species (roughly three times the number of
described species) (Grimaldi, 2023). Insects are found in almost all environments, on plants, around
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buildings and under objects such as rocks and tree trunks; aquatic insects can be found in lakes,
ponds, streams, rivers and swamps. Many insects have direct or indirect impacts on humans (pests
as those considered parasitic, disease-transmitting vectors or homes/agricultural products destroying
organisms). Moreover, insects are considered the most ecologically significant land organisms
based on their large biomass. Some insect species are very destructive to forests and crops, but they
constitute only a small percentage, and their numbers are biologically controlled by parasitoids and
predatory insects. About 80-85% of the world’s flowering plants are pollinated by insects; some
insect products (honey, silk, dyes, wax and sustainable protein) are indispensable materials for hu-
mans. The fruit fly Drosophila melanogaster (as an experimental organism) has inspired the scien-
tific society with many significant discoveries and breakthroughs in biology and other related fields
(Grimaldi and Engel, 2005; Mohamed and Shaurub, 2010; Grimaldi, 2023).

Farwa Island is the biggest and most significant Island in Libya. It is situated 150 km west of Tripo-
li in the Northwest part of Libya on the Mediterranean Sea at the border region between Libya and
Tunisia. The Island is roughly 12 km long with a maximum width of approximately 3 km, and the
total surface area is about 31 km?. Coordinates: 33°06'20.3"N 11°44'39.2"E. With its location in the
Mediterranean climate zone, Farwa Island has a temperate climatic condition with sunny days and
northern winds dominating most of the year. The mean annual temperature is 20°C and the mean
annual rainfall reaches 190 mm. The Island is characterized by a diverse collection of habitats
(beaches, drying salt lakes, trees, sand dunes, marshes, mudflats and widespread tidal areas). These
diverse environments provide a suitable habitat for many floral and faunal species (Etayeb, 2002;
Etayeb and Essghaier, 2007; EGA-RAC/SPA, 2012; Isemmann et al., 2016).

Studies in Farwa Island on invertebrates groups generally and insect fauna particularly are poor. To
the best of our knowledge, one previous study was conducted on invertebrates on this Island; the
study by Jdeidi ef al. (2015) revealed insects as the most abundant organisms (most of which were
Coleoptera followed by Lepidoptera, Diptera, Hymenoptera and Orthoptera); it also included spi-
ders and scorpions. This research introduces the first thorough study of recorded insect families in
Farwa Island.

MATERIALS AND METHODS

The study was conducted during the months of February, March and April 2021. The Island was
divided into four areas: mouth of the valley, bay of containers, center of the Island, and Ras-
Attalgha. (Figure 1).

The following tools and equipment were used: tweezers, manual collection net, white cloths (2 x 3
meters), umbrella with a diameter of 1 meter, jars of different sizes, plastic/glass tubes and contain-
ers for collecting ground insects, magnifying glass, notebook for recording sample data (sample
number, date of collection and place of sampling). Each area was visited where samples were col-
lected using different collection methods from using forceps to methods of hitting and shaking
branches of the bushes.

The samples were collected over two periods from 10 am to 1pm and from 2 pm to 5 pm, kept alive
in jars or plastic/glass tubes, sorted and labeled in the field based on areas and deposited in the la-
boratory of the biology department, faculty of science, University of Tripoli. They were then killed
using pieces of cotton filled with 75% ethanol in sealed jars/tubes, and then pinned in tightly sealed
insect boxes for later identification and verification. Classification to the lowest possible taxonomic
level was conducted at the University of Tripoli and laboratory of biology department, faculty of
science, Omar Al-Mukhtar University (Al Bayda) using binocular microscope and special refer-
ences (Zavattari, 1934; Borror et al, 1981; Beccaloni et al, 2005; Lamas, 2008; Massa, 2009;



Al-Mukhtar Journal of Basic Sciences 22 (2): 141-147, 2024 pagel43 of7

Kirk-Spriggs and Sinclair, 2017). The data of each sample and the level of its classification were
placed on special sample cards for the purpose of permanent preservation and reference when need-
ed.
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Figure: (1). Study area (Farwa Island) in the Northwest of Libya, divided into four regions: 1. mouth of the valley, 2

bay of containers, 3. center of the Island, and 4. Ras-Attalgha
RESULTS

The study collected 58 insect species belonging to 40 genera, 31 families and 9 orders, and they
were arranged in (Table 1), followed by the scientific names for each insect. Four samples could be
identified only to the family level (Asilidae, Reduvidae, Silphidae and Tetrigidae).
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Table:(1). Orders, families and the scientific names of the collected specimens.

Order Family Scientific name
Scarites terricola Bonelli 1913
Carabidae Latreille 1802 carifes ferrico one? 1
Lophyra flexuosa Fabricius 1787
Cetoniidae Leach 1815 Oxythyrea funesta l'Joda 1761
Oxythyrea pantherina Gory and Percheron 1883
Coccinellidae Latreille 1807 Cocct.nella septem.punctata ngnaeus 1758
Coccinella undecimpunctata Linnaeus 1758
Scarabaeidae Latreille 1807  Oxythyrea tripolitana Reitter 1891
Silphidae Latreille 1806
Coleoptera Linnacus Blapistinus histricus Casey 1890

1758

Dermaptera De Geer

1773

Diptera Linnaeus 1758

Hemiptera Linnaeus
1758
Hymenoptera Linnaeus
1758

Tenebrionidae Latreille
1807

Forficulidae Stephens 1829
Labiduridae De Geer 1773
Asilidae Loew 1848
Bombyliidae Latreille 1802

Calliphoridae Robinaeu-
Desvoidy 1830

Muscidae Latreille 1802
Sarcophagidae Linnaeus
1758

Syrphidae Latreille 1802
Coreidae Leach 1815
Lygaeidae Schilling 1829
Pentatomidae Leach 1815
Reduvidae Linnaeus 1758

Apidae Linnaeus 1758

Formicidae Latreille 1809

Scoliidae Latreille 1802

Erodius zophosoides Allard 1865
Erodius bicostatus Solier 1934
Gonocephalum perplexum Lucas 1846
Himatismus villosus Haag-Rutenberg 1870
Phaleria acuminata Kiister 1852
Pimelia granulata Solier 1836
Pimelia obsoleta Solier 1836

Pimelia urticata Klug 1830

Tentyria latreillei Solier 1835
Tentyrina duplicata Reitter 1900
Forficula auricularia Linnaeus 1758
Euborellia annulipes Lucas 1847

Systoechus vulgaris Loew 1863

Calliphora vicina Robineau-Desvoidy 1830
Lucilia caesar Linnaeus 1758

Lucilia sericata Meigen 1826

Musca domestica Linnaeus 1758

Sarcophaga carnaria Linnaeus 1758

Eristalis tenax Linnaeus, 1758

Anasa tristis De Geer 1773
Spilostethus pandurus Scopoli 1763
Eurygaster hottentotta Fabricius 1775

Xylocopa ruficeps Friese 1910
Cataglyphis bicolor Fabricius 1793
Cataglyphis nigra André 1881
Cataglyphis nodus Brullé 1833
Cataglyphis oasium Menozzi 1932
Cataglyphis viatica Fabricius 1787
Messor aegyptiacus Emery 1878
Messor arenarius Fabricius 1787
Messor barbarus Linnaeus 1767
Messor minor André 1883

Scolia erythrocephala Fabricius 1798

pagel44 of7
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Order Family Scientific name
Lycaenidae Leach 1815 Aricia agestis Denis and Schiffermiiller 1775
Noctuidae Latreille 1809 Agrotis infusa Boisduval 1832
Lepidoptera  Linnaeus Pieris brassicae Linnaeus 1758

1758

Pieridae Swainson, 1820

Pterophoridae Zeller 1841
Zygaenidae Latreille 1809

Pieris rapae Linnaeus 1758

Pontia daplidice Linnaeus 1758
Gillmeria pallidactyla Haworth 1811
Zygaena felix Oberthiir 1876

Sympetrum decoloratum Selys 1884

Odonata Fabricius 1793 Libellulidae Rambur 1842

Sympetrum fonscolombii Selys 1840
Acrotylus insubricus Scopoli 1786
Oedipoda caerculescens Linnaeus 1758
Oedipoda fuscocincta Lucas 1849
Oedipoda miniata Pallas 1771
Omocestus rufipes Zetterstedt 1821
Truxalis nasuta Linnaeus 1758

Acrididae MacLeay 1819
Orthoptera Latreille 1793
Gryllotalpidae Saussure

1870
Tetrigidae Rambur 1838

Neocurtilla hexadactyla Perty 1832

Thysanura Linnaeus Lepismatidae Linnaeus . . .
1758 1758 Lepisma saccharina Linnaeus 1758
DISCUSSION

Insects are indispensable organisms for life on earth and for the functioning and sustainability
of all ecosystems (Saxena and Omkar, 2023). Based on a short-term intensive survey, this paper
constitutes the first comprehensive collection of insects on Farwa Island. Moreover, in view of
the importance of the study of insects in Libya in general and Farwa Island in particular, this
study (represented by 9 orders, 31 families, 40 genera and 58 insect species) was compared to
other similar studies; a study conducted by Yahiya (2014) included similar families (Coreidae,
Lycaenidae, Lygaeidae, Pentatomidae, Pieridae). Similarly, a study by Mifsud (2000) had Cara-
bidae, Coccinellidae, Formicidae, Sarcophagida and Tenebrionidae, and another study by EL-
Meghrabi (2009) included Lygaeidae, Pentatomidae and Reduvidae, all of which were recorded
in this survey. This study recorded the presence of families Zygaenidae, Noctuidae, Silphidae,
Scoliidae, which were not present in the aforementioned studies (Yahiya, 2014), (Mifsud,
2000), (El-Meghrabi, 2009). 77 families obtained in the aforementioned studies were not rec-
orded in this survey. This study was the first of its kind in the sampling and classification of
insects on the Island, specifically among the areas and environments in which insects were col-
lected and classified.

This insect biodiversity was due to the presence of many suitable habitats that may provide ap-
propriate environments for both insects breeding and hiding from enemies. Moreover, the ab-
sence of control measures also helped to increase the abundance and distribution of insects in
the study area

The results were obtained from samples collected only from Farwa Island and a multiplicity of
insect habitats was observed, especially in the central region of the Island because of the diver-
sity of vegetation compared to the number of visits to the study areas. On the other hand, the
rest of the study areas, such as the mouth of the valley, and Ras-Attalgha, had the least numeri-
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cal density and diversity of insect families due to the large number of waves and sea currents
that result in strong winds for the two areas and thus the inappropriateness of climatic condi-
tions, in addition to the scarcity of vegetation. The presence of insect families near plants was
more abundant, followed by sand, and the least was near dung and carrion.

CONCLUSION

The results of this short time intensive survey of insects on Farwa Island showed that the Island has
relatively abundant and diverse insect fauna. This is due to the fact that the Island provides suitable
environments for insects breading, feeding and escaping enemies; the absence of insect control
measures adds to this rich biodiversity. Based on this comprehensive collection of insects from
Farwa Island, this research adds important value to the continuously growing evaluation of the in-
sect fauna in Libya.
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INTRODUCTION

All the rings, in this case, are associated with R unity. Mapping =: R — R is an involution if
(a+b) =a"+b", (ab)" =b"a" and (a*)" = aforall a,b € R. A *-ring R is called *-zero divi-
sor, for any a = 0. If ab = ba™ = 0, for some 0 #+ b € R since R is an integral domain of involu-
tion if there are no nonzero zero divisors with involution, see [(Usama A. Aburawash and Khadija
B. Sola, 2010)]. A self-adjoint idempotent; e* = e = e, is called projection. A nonempty subset S
of a *-ring R is called self-adjoint or *-subset if $* = {s*|s € §} = §, and from (U. A. Aburawash
& Saad, 2016), defined semi-proper involution * (resp. proper) if aRa* = 0 (resp. aa® = 0) for
0=a€R,Ifa” =0 = (aa®)™ for some n,m € Z*, then a is called *-nilpotent *-ring. Moreover,
a *-ring R is said to be *-reduced if it has no nonzero *-nilpotent elements, and a *-ring R is called
*-Baer if the *-right annihilator of each nonempty subset A € R is a principal *-bi-ideal generated
by a projection; that is r*(A4) = eRe. Following (I. Kaplansky, 1968), A *-ring R is called Baer *-
ring if the right annihilator of every nonempty subset of R is a principal right ideal generated by a
projection, every Baer *-ring is a *-Baer ring with involution. From (Kim & Lee, 2003), R is semi-
commutative or has an IFP ring if for every a,b € R, if ab = 0 implies aRb = 0 or ( r(a) is an
ideal of R for any a € R. In (U. A. Aburawash & Saad, 2014) and (U. A. Aburawash & Saad,
2019), a *-ring R is called IFP with involution (resp. quasi-IFP with involution) if ab =0 (resp.
ab =0 = ab®) implies aRb* =0 (resp.; aRb =0), for all a,b € R. According to (U. A.
Aburawash & Saad, 2019), (U. A. Aburawash & Abdulhafed, 2018b), and (U. A. Aburawash &
Abdulhafed, 2018a), if ab = 0 = ab™ implies ba = 0 (resp.; ba is central) for all @, b € R is called
*-reversible (resp.; central *-reversible) *-ring. Every *-reversible *-ring has quasi-IFP with involu-
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tion, a *-ring R is called weak *-IFP (resp.; weak quasi-IFP with involution), if ab = 0 (resp.,
ab =0 = ab* forall a,b € R implies aRb" is nilpotent (resp., aRb is nilpotent), a *-ring R central
quasi IFP with involution (resp., has quasi-IFP with involution), if for all a,b € R, ab =0 = ab”
implies aRb is central (resp., aRb = 0). the ring R is called weakly *-reversible, if ab = ab* = 0,
for all @, b, r € R then Rbra is nil ideal of R.

In this article, every *-IFP is *-weak *-IFP, quasi *-IFP is *-weak quasi *-IFP and *-reversible is *-
weak *-reversible, we study some properties *-weak *-rings it above. Moreover, a *-ring R is *-
weak (*-IFP, quasi*-IFP, and *-reversible) if and only if for any n, the upper triangular matrix
equal diagonal T,,,.,,(R) is *-weak (*-IFP, quasi*-IFP and *-reversible) *-ring. Further, we studied
the extension of localization and Laurent polynomial of *-weak *-rings above.

*-weak *-1FP *-ring.
Here section, we introduce another generalization for *-IFP; namely *-weak *-1FP *-rings.

Definitionl1. The *-ring R is called *- weak *-IFP, if ab = 0 implies aRb* is *- nilpotent, for any
a,b € R.

Every *-IFP is *- weak *-1FP, and *- weak *-IFP is weak *-IFP. But the discourse is true by con-
duction semi-proper or central *- reversible.

Propositionl. If R is a weak *-1FP *-ring and semi-proper involution * then R is *- weak *-IFP.

Proof. Let ab =20 for some a,b ER.,
(arb*)R(arb*)" = arb*RbRa” = a(rb*R)bRa” € aRbRa” = 0, by semi-proper involution =.
Thus, R is *- weak *-IFP.

Proposition 2. Let R be a weak *-1FP *-ring and central *-reversible. Then R is *- weak *-IFP.

Proof. Let ab=0 for some a,b ER. Also, bab =0 and
(baRb*)? = baRb*baRb* = Rb*babaRb* =0,

(baRb*)(baRb")" = baRb*bRa*b* = Rb*babRa*b* =0 for r € R, by central *-reversible.
Therefore, R is *- weak *-IFP.

Moreover, each commutative *-ring is *-weak *-1FP. The proof is easy with the following result.

Proposition 3. The class *-ring of the *-weak IFP with involution is closed (using changeless in-
volution) by constructing *- subrings under its direct sums.

Proposition 4. Suppose that R be a commutative *-ring, then T,,,,(R) is a weak *-IFP *-ring, with
involution * define as;

@ Gy Qg3 " Oy O\ /@ Qg O@-zn 7 O Opp

0 a ay - Aym-2y  Oon 0 a Az lyp-zy G-y

00 a Az, | [0 O a o ey
0 U G’n—l{'n) 0 0 0 ﬂlz
0 0 = = g 0 0 0 = = a

(i.e., fix the two diagonals (right and left) with interchange the symmetric elements.)
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Proof. If A=(a;;) and B = (b;;) € Tpxn(R) with ab =0 = ab*, where 1 <i <j < n, then
ab = 0. By hypothesis, R is *-weak *-IFP, there exists k € N such that (ach)* =0 for any
C= (cU) € T,«n(R), since a, b and, c are the diagonal elements of 4, B and, C with respective.
Hence, there exists n,m € N such that ((ACB*)*)" =0, (((ACB*)(ACB*)*)¥)™ = 0. Therefore,
T,xn(R) is *-weak *-1FP.

Now, every *-ring having*-IFP is *- weak*-IFP. The converse is true with semi-proper involution
*, and each *- weak*-IFP *-ring is weak*-1FP *- ring while the converse is not true, as shown in
the following example.

a b ¢ a d c
Examplel. The *-ring Ts.3(Z)with the involution * given by: (0 a d) = (0 a b) is *-
0 0 a 0 0 a

0 1 0 0 1 1
weak *-IFP by Proposition 4. For A = (0 0 0) and B = (0 0 0), we have AB = 0 and
0O 0 0 0 0 0

0 0 a
ARB* = (0 0 0) # 0,a € Z, 50 T3.3(Z) has not *-1FP.
0 0 0

There is a weak semi-commutative (IFP) *-ring which is not *-weak IFP with involution, see [(U.
A. Aburawash & Abdulhafed, 2018b), Example 9].
Next, by Proposition 4, the ring T, (R) is *-weak *-1FP. Also, M, (R) with self- adjoint has not

*-weak *-IFP, since A= (3 g),B = (8 2) satisfy AB =0 while
ACB* = (é g) (g 5;) (3 g) - (g g) £0, Vx,y,2€R.

Therefore, we note that by diagram in the class of *-rings.

*IFP - [FP > quasi-*-1FP
*-weak-*-1FP weak-IFP —— weak quasi-*-IFP
7
=
weak *-IFP

Diagram (1)

*- weak quasi *-1FP *-ring.
In her section, we study the properties of the *-weak quasi-*-1FP rings with involution.

Definition 2. The *-ring R is called *- weak *-IFP, if for all a,b € R, ab = 0 = ab” implies aRb is

*- nilpotent. Consequently, aRb* is also *-nilpotent .Every commutative *-ring is *-weak quasi IFP
with involution, each *-weak quasi-IFP with involution ring with involution is weak quasi-1FP with
involution and *-weak quasi-IFP with involution ring with involution is quasi-1FP with involution,
however, the converse is proper when the *-ring is semi-proper.
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Proposition 5. Consider R is a weak quasi-*-1FP ring with involution and semi-proper involution *.
Then R is the *- weak quasi-*-1FP *-ring.

Proof. Let ab =0 = ab” for some a,b €R,
(arb)R(arb)" = arbRb*Ra” = a(rbR)b*Ra” € aRb*Ra” = 0 for a,b € R, by semi-proper invo-
lution *. Thus, R is *- weak *-IFP.

Proposition 6. Suppose that R is a central *-reversible *-ring and a weak quasi-IFP with involu-
tion. Then R is a *- weak quasi-IFP with involution.

Proof. If ab=0=ab* for some ab€R, then bab = 0 = bab® and
(baRb)? = baRbbaRb = baRbabRb = 0,

(baRb)(baRb)* = baRbb*Ra*b* = Rbbab®Ra*b* = 0, from central *-reversible. Thus, R is *-
weak quasi-*-1FP.

Now, while there is no clear connection between *-weak quasi-*-IFP and weak- IFP. However, *-
weak quasi-*-1FP R is weak- IFP if R has *-IFP.

Proposition 7. If R is *-weak quasi-*-1FP and R has IFP with involution, then R is a weak -IFP.
Proof. Since ab = 0 implies aRb* = 0, by hypothesis and R is a weak IFP.

Further, the proposition below shows that *-subrings are the direct sums of the *-weak quasi-*-IFP
*-ring.

Proposition 8. The class *-ring of the *-weak quasi-*-IFP is closed (using changeless involution)
by constructing *- subrings under its direct sums.
Now, with the proof similar to Proposition 4, we get the following.

Proposition 9. It R is a commutative *-ring, T, ., (R) is *-weak quasi-*-1FP, with involution * giv-
en in Proposition 4.
Next, is R is a commutative *-ring then

a a;; dpz Ain
0 a dass aop
Taxn(R) = a, ;g ERNn=3,

o
o
- R
2
L
=

0 0 0 0 a
is *-weak quasi-*-IFP by Proposition 9. However, T,.4(R) is not quasi-*-1FP, so in general in
case n = 4 is not quasi-*-1FP.

Moreover, as an instance, we note that the condition T,,..,, (R)of Proposition 9, cannot be weakened
to the whole matrix *-ring M,, .., (R), because n is more than 1.

Example 2. Let R be the *-ring of integer numbers (Z). Consider the *-ring is *- weak quasi-IFP
with involution, while the *-ring M, (Z) with self-adjoint is not *-weak quasi-IFP with involu-

i _ (0 0 (0 —a . o .

tion. 1 Folr A= (G a) and OB _G(O ) ).a€z, satisfy AB=0=AB" and
— — i *_ni

C= (1 1) € M, (R), thus ACB = (0 _az) is not *-nilpotent.

Theoreml. Consider the following conditions, where R is a *-ring.
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R is quasi-*-I1FP.

R is central quasi-*-IFP.
R is *-weak quasi-*-1FP.
R is weak quasi-*-1FP.

A wbdhpRE

Proof. 1 = 2: Obvious.

2 = 3:: If a,b € R satisfied ab = 0 = ab*, then arb,a®rb,arb? and a?rb? are central. Thus,
(arb)? = arbarb = a(arb)rb = r(a’rb)b = ra’rb? = ralarb)b = r(arb)ab = 0 and
((arb)(arb)*)? = (arb)b*r*a’ (arb)b*r*a* = b*r*a*(arb)(arb)b'r*a* =
b*r*a*(aarbrb)b*r*a’ = b*r*a*(a®rbrb)b*r*a* = b*r*a* (ra®rb?)b'r*a* =
b*r*a*r(a(arb)b)b*r*a” = b*r*a’r((arb)ab)b’r*a’ = 0

. Hence, arb is *-nilpotent for all » € R and R is *-weak quasi-*-1FP.

3 = 4: It’s clear.

Moreover, the discussion of Theorem 1 is invalidated by [(U. A. Aburawash & Abdulhafed, 2018a),
Proposition 1] and Propositions (5 and 6).

The outcome can be obtained from [(U. A. Aburawash & Abdulhafed, 2018a), Proposition 1]Jand
Theorem 1.

Corollary 1. Let R be *-ring and central quasi-IFP with involution, if R is a Baer ring with involu-
tion, then R is *-weak quasi-IFP with involution.

We know, every quasi-1FP with involution is *-weak quasi-IFP with involution, and by [(M. S. and
U. A. Aburawash, 2023), propositions (4.2 and 5.1) and theorem 5.6 )] the conclusion is obtained.

Corollary 2. Let R be a ring with involution and I a proper ideal a with involution of R. If I is a re-
duced with involution ring with involution (without identity) and R/I has quasi-IFP with involu-
tion, then R is also *-weak quasi-IFP with involution.

Corollary 3. Let R be a reduced with involution, ring with involution, and I an ideal with involution
of R with IFP (as a ring without identity). If R has quasi-IFP with involution, then the *-subring S
of the upper triangular matrix ring T3.3(R) over R is defined as follows:

a d c
S = KO a b)
0 0 a

Corollary 4. Let R be a *-reduced *-ring and n any positive integer. If R is *-weak quasi-*-I1FP,
then R[x]/{x™) is *-weak quasi-*-IFP.
Thus, we note that by a diagram, of *-rings.

a, b, c d€ I], Is *-weak quasi-*-1FP

*IFP IFP quasi-*-IFP - central quasi-*-IFP
*weak *-IFDP wealk-TFP *-weak quasi-*-IFD
= S
weak *-IF weak quasi-*-IFP <

Diagram (2)
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*- weak *-reversible *-ring.
Here section, we introduce another generalization for *-reversible; namely *-weakly *-reversible *-
rings.

Definition 3: A *-ring R is called *-weak *-reversible if for all a,b,r € R, ab = 0 = ab”, implies
Rbra is a *-nil left (equivalently, braR is a *-nil right) *-ideal of R. Consequently, Rb*ra is a *-
nil left (equivalently, b*raR is a *-nil right) *-ideal of R.

The commutative *-ring is *-weak *-reversible and each *-weak *-reversible *-ring is weak *-
reversible. The converse is true while the *- ring has *-1FP as proven inside the following.

Proposition 10: If R *- ring has *-IFP and *-weak *-reversible, then R is weakly reversible.
Now, each *-weak *-reversible *-ring is weak *-reversible. The converse is true while the *- ring
has semi-proper involution * and central *-reflexive, we have the subsequent proposition.

Proposition 11: If R *-ring has semi-proper involution * and weak *-reversible, then R is *-weak
*-reversible.

Proof. Let ab =0 =ab* for some a,b ER. Then,
(Rbra)R(Rbra)" = Rbra(Ra*r*)b"R € RbraRb*'R = 0, for all » € R, from semi-proper involu-
tion *. Hence, R is *-weak *-reversible.

Recall that, [(U. A. Aburawash & Saad, 2019) and (U. A. Aburawash & Abdulhafed, 2018a)],
ifab = ab™ = 0 implies bRa = 0 (resp., bRa is central) for all @, b € R is called *-reflexive (resp.,
central *-reflexive) *-ring. Every *-reversible is *-reflexive ring with involution.

Proposition 12: If R is weak *-reversible and central *-reflexive, then R is *-weak *-reversible
since R is a *-ring.

Proof. Let ab =0 = ab* for some a,b € R. Then (Rbra)? = RbraRbra = RRbrabra =0,
(Rbra)(Rbra)® = Rbraa™r*b*R = Ra*r*brab®*R = 0, for all » € R, from central *-reflexive.
Hence, R is *- weak *-reversible.

Now, prove the next result it is easy.

Proposition 13. The *-weak *-reversible ring with involution class is closed under taking subrings
with involution and under direct sums (with changeless involution).

Now, the next proposition is similar to Proposition 4.

Proposition 14. R is a commutative *-ring, T,,.,(R) is *- weak *-reversible, with involution *
from Proposition 4.

In example 6 of (U. A. Aburawash & Abdulhafed, 2018b) there exists a *-weak *-reversible and
quasi *-1FP *-ring which is not *-reversible.

Next, for example, we note that the condition T,,.,,(R) of Proposition 14, cannot be weakened to
the whole matrix *-ring M, ., (R), since n is more than 1.
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Example 3. If R is a *-weak *-reversible *-ring and n is more than 1, then M, (R), with adjoint
involution, is not *-weak *-reversible. For X = (g 1) and v = (G 1),

1 0 0
11 _ (0 2a\. .
0 1) € M., (R), we see that RYZX = (0 5 ) is not

we have XY =0 = XY"* and for Z = ( -

nil, ¥ a,c € R.

The subsequent result shows that central *-reversible*-rings lie properly between *-reversible and
*-weak*-reversible rings with involution.

Theorem 2. Consider the following conditions, where R is a *-ring.
1. R s *-reversible.

2. Ris central *-reversible.
3. Ris*-weak *-reversible.
4. R isweak *-reversible.

Proof. 1 = 2: It’s clear.

2= 3:Ifab =0 = ab", then ryab =0 = ryab* forall a,b, r; € R, and br,a is central, since R is
central *-reversible. Hence, (rbrya)? = rbryarbrya = rrbryabria =0 and
(rbria)(rbrya)” = rbriad’r,"b*r* = ra*r;"bryjab*r* =0 for all v €R and R is weak *-
reversible.

3 = 4: It’s clear.

By [(U. A. Aburawash & Abdulhafed, 2018b), Propositions 3, 4] and Propositions (11 and 12) the
converse of Theorem 2 isn't true.

Further, we get corollaries from [(U. A. Aburawash & Abdulhafed, 2018b), Proposition 4] and
Theorem 2.

Corollary 5. Every *-domain is a *-weak *-reversible*-ring.

Corollary 6. If R is a central *-reversible and *-Baer ring with involution, then R is *-weak *-
reversible.
It's important to remember that every Bear *-ring is a *-Bear *-ring. We have the following result.

Corollary 7. If R is a Baer and central *-reversible *-ring, then R is *-weak *-reversible.
Now, as shown by the next theorem, the central *-reversible*-rings properly lie between the classes
of *-reversible, weak quasi-*-IFP, and *-weak quasi-*-1FP*-rings

Theorem 3. Consider the following conditions, where R is a *-ring.
1. R is *-reversible.

2. R is central *-reversible.
3. R isweak quasi-*-1FP.
4. R is*-weak quasi-*-IFP.

Proof. 1 = 2: Obviously.

2 = 3: By [(U. A. Aburawash & Abdulhafed, 2018b), Theorem 2].
3 = 4: From Propositions (5 and 6).

The converse of Theorem 3 is not true from [(U. A. Aburawash & Abdulhafed, 2018b), Example
6].
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The following results, from [(U. A. Aburawash & Saad, 2019), Proposition 10], [(U. A.
Aburawash & Abdulhafed, 2018b), Corollaries (7, 8, 9, 10)], and Theorem 2.

Corollary 8. If R is *-ring and central reduced then T(R; R) is a *-weak *-reversible.
Corollary 9. If the *-ring R is reduced then T(R; R) is a *-weak *-reversible.

Corollary 10. If the *-ring R is *-reduced and *-reversible, then T(R; R), with
componentwise involution, is *-weak *-reversible.

Corollary 11. If the *-ring R is reduced and *-reversible, then T(R; R), with component wise invo-
lution, is *-weak *-reversible.
Thus, we note that by the diagram, of *-rings.

*_IFP = IFP - *-Abelian

*-doman ————= *-reversible ——= quasi-*-1FP - central quasi-*-1FP

central *-reversible
-

*-weak *-reversible *-weak quasi-*-IFP
\
weak *-reversible wealk quasi-*-IFP -

Diagram (3)

Extending of *-weak (*-1FP, quasi *-1FP, and *-reversible) rings with involution.

We will here focus on the properties of *-weak (*-1FP, the quasi —IFP with involution, and *-
reversible) rings with involution is proven to be extended from a *-ring to its localization and Lau-
rent polynomial, the Dorroh extension, and from Ore *-ring to its classical quotient.

If O R={u"la|u€0,a€R} then Q7 'Ris a *ring with involution ¢ defined as
(uta)’ = u ' a" = u*"ta" where R is a ring with involution, Q is a multiplicative in R consisting
of R and central regular elements, see [(U. A. Aburawash & Abdulhafed, 2018b)].

For it, we have the propositions.

Proposition 15. If e is a central projection of R since R is a *-ring, then it’s equivalent.
1. R is *-weak quasi-*-IFP.
2. eRand (1 — e)R are *-weak quasi-*-IFP.
3. O7'Ris *-weak quasi-*-1FP.

Proof. 1 & 2: It is clear that this is straightforward since subrings with involution and finite direct
products of *-weak quasi-*-1FP ring with involution is *-weak quasi-*-I1FP.
3 = 1: Itis clear since R is a subring with involution of Q71R.
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1 = 3: Since R is a *-subring of Q7!R. Let @f = 0 = af°*with @ = u ', = v 'h,u,v € Q and
a,b € R, and lety = w~c for any element of Q"'R, w € Q, c € R. Since O contained in the center
of R, we have 0= af =utav™th= (u v 1ab, and
0= af’ =uta(w1h)’ = (u t(r~1)")ab’, and hence ab=0=ab"*, but R *-weak quasi-*-IFP,
like this for some n and m in positive integers that (acb)" = 0, ((acb)(ach)*)™ = 0. Thus
(ayB)" = (u™taw tev D) = ((vwa) tach)” = ((vwa) )" (ach)" =0 and
((ayB)(ayf))" = (" taw tev 7 ID)(By a )" = ((u™taw tev T ID)(By a”))™ =

((vwa) " t(ach)(b* (v ' c* (w1 'a (™)™ H™ = ((vwa) (ach)(u'w*v*) (b*c*'a*))™ =
((vwa) "t (u*w*v*) (ach) (b*c*'a* )™ = ((vwa) " (u*w*v*) )™ ((ach) (ach)*))™

. Therefore, @71 R is *-weak quasi-*-1FP.

Proposition 16. If R is a *-ring, and e has a central projection in R, the following is its equivalent:
1. R is*-weak *-reversible.

2. eRand (1 — e)R are *-weak *-reversible.
3. Q7R is *-weak *-reversible.

Proof. It is similar to that of Proposition 15.
We get results from[(U. A. Aburawash & Abdulhafed, 2018b), Proposition 6].

Corollary 12. Let R be a *-ring, and e is a central projection of R. Then eR and (1 — e)R are *-
reversible if R is *- weak *-reversible.

Corollary 13. If R is *-reversible a *-ring and e central of e2 = e = e*in R. Then eR and (1 — e)R
are *-weak *-reversible.

Then, the ring with involution of the Laurent polynomials in x, with coefficients in the *-ring R,
consists of all formal sums f(x) = X, a;x" an involution *, f*(x) = X, a; x" with explicit ad-
dition and multiplication, where a; € R and k,n (possibly negative) integers. We denote this plate
by R[x;x"1].

Corollary 14. For a *-ring R, Q is *-weak quasi-*-I1FP iff R[x;x ] is *-weak quasi-IFP with invo-
lution.

Proof. It is sufficient to establish the necessity since R[x] is a subring with involution of R[x; x~].
Let Q = {1,x,x% x3 x*--}. Then O is a multiplicative closed subset with the involution of Q.
Where R[x;x1] = Q7*R[x], it follows that R[x; x 1] is *-weak quasi-*-IFP by Proposition 15.

Corollary 15. For R *-ring, Q is *-weak *-reversible if and if only R[x;x71] is *-weak *-
reversible.

Proof. Like Corollary 14 using Proposition 16.
Accordingly, we have the equivalence on *-weak quasi-*-1FP and *-weak *-reversibility of another
situation.

Corollary 16. If R is a *-ring the following is its equivalent:
1) R is *-weak quasi-IFP with involution.

2) R[x]is *-weak quasi-IFP with involution.
3) R[x;x~1]is *-weak quasi-IFP with involution.
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Corollary 17. For a *-ring R, the following is its equivalent:
1. R is *-weak *-reversible.

2. R[x]is *-weak *-reversible.
3. R[x;x~1]is *-weak *-reversible.

Then, for the Dorroh expansion of the *-ring D(R,Z) = {(r,n):r € R,n € Z} R is a ring whose
functions are (ry,ny) + (rp,ny) = (p+15,n+n ;) and (g, nq)(ry,n,) = (nry + nyry + nor,ning)
. The R involution can naturally extend to D(R,Z) in the form (r,n)" = (r",n) (see (U. A.
Aburawash, 1997).

Next, we get the following results by [(U. A. Aburawash & Abdulhafed, 2018b), Proposition 21]:

Corollary 18. A *-ring R is *-reversible, and the Dorroh extension D(R,Z) of R is *-weak-*-
reversible.

Corollary 19. A *-ring R is Dorroh extension D(R,Z) is *-reversible, R is *-weak-*-reversible.

We know that Let R be a ring with involution * which is a left order in a ring Q. Then R is a right
order in Q and @ has an involution given by(a™tb)* = b*(a*)™! (see [(Martindale & 3rd, 1969),
Lemma 4)], and [(U. A. Aburawash & Abdulhafed, 2018b), Theorem 4] given the following results.

Corollary 20. If R is *-reversible, then @ is *-weak-*-reversible.

Corollary 21. If Q is *-reversible, then R is *-weak-*-reversible.

CONCLUSION
weak *-IFP
*weak *-IFP T weak IFP
*IFP IFP *- Abelian
*~doman =————= *-reversible =———= quasi-*-1FP =——= central quasi-*-1IFP

central "-rv_\'ﬂ:ru-j]rlv
*oweak '-r--\'r'rnﬂsh.: ., T-weak quasi-*-IFP
wieak '-:'-|:-1.':'r:-ilh]4- '.l.'v:-a]-:--qu:::-ii-“-il-'I’-

Here, we conclude the paper's results using diagrams to explain the relations among the correspond-
ing classes, from diagrams [(1), (2)] and diagram (3).

Furthermore, we have the following conclusions:

Every *-1FP (resp., quasi *-IFP and *- reversible) are *-weak *-IFP (resp., *-weak quasi *-IFP and
*-weak-*-reversible) rings with involution, also, each *-I1FP is *-weak quasi *-IFP ring with involu-
tion. Moreover, every *-Doman is *-weak *-reversible ring with involution.
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Finally, we future studies about properties of *-weak *- rings of (*-reflexive, S. *-reversible, and S.
*-reflexive) rings with involution.
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