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Abstract:

The genetic algorithm plays a pivotal role in image processing, particularly in the critical
stage of image segmentation. The process of segmenting photographs is an essential method in
the field. Identifying objects, extracting features for object recognition, and classifying are
integral components of image processing. However, the effectiveness of these activities relies
on the quality of the operations performed. The work at hand in the domain of image processing
is notably arduous and intricate. The segmentation of photos cannot be consistently achieved
through the utilization of a singular approach. Nevertheless, it is not possible to consistently
classify photos into extensive categories. The complexity inherent in the image segmentation
task necessitates careful consideration when determining a suitable set of parameters to employ.
The arduous task of selecting picture parameters the picture segmentation problem
encompasses various factors that contribute to the complexity of the selection process. An
optimization problem is employed to efficiently locate the global maximum inside a given
search space, with the problem being formulated as a Genetic Algorithm. Subsequently, the
task of determining the most suitable segmentation criteria for an image is successfully
overcome. The primary objective of this study was to investigate the viability of employing

genetic algorithms within the domain of image segmentation.

Keywords: Segmentation, Genetic Algorithm, Artificial intelligence, Artificial Neural
Network, Image Processing.
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1. INTRODUCTION:

Image segmentation is a technique utilized to partition a digital image into multiple sections
composed of pixels [1]. Please note that picture segmentation should not be mistaken for image
partitioning both edge detection and region extraction techniques were employed to generate
these regions. Upon undergoing division, the distinct elements comprising an image maintain
their original color and texture properties. The outcome comprises several discrete segments
that, when integrated, form the entirety of the visual representation. Identifying a reliable
approach capable of accurately segmenting all photographs can pose a significant challenge.
The task of determining the most suitable strategy for segmentation is also complex and
demanding. The applicability of these technologies, originally designed for a certain image
type, is limited when applied to different types of photographs. The categorization of
segmentation techniques can be classified into three groups, as outlined in reference [2]:

A- Traditional algorithms refer to algorithms that are based on mathematical or
methodological principles.
B- Approaches about artificial intelligence .
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C- Methods for achieving optimal performance.

The conventional procedures encompass several techniques such as utilization thresholds to
identify unique histograms, performing region expansion or extraction, detecting edges and
boundaries, and employing relaxation methods. The utilization of segmentation is derived from
the discipline of artificial intelligence, wherein methodologies including Artificial Neural
Networks are employed. This paper discusses the utilization of a Genetic Algorithm (GA) in
optimization tactics. The parameters of segmentation algorithms and pixel-level segmentation
have been modified due to the substantial impact of genetic algorithms on picture segmentation
[3]. In the context of segmentation analysis, the utilization of genetic algorithms (GA) can
facilitate the determination of an optimal number of segments to consider for attribute selection,

including heuristic thresholds.

2. Related Works

Image segmentation can be done using a variety of algorithms. However, owing to various
constraints, finding the best solution is difficult. [4] classifies the pixels' belonging and then
uses area expansion to obtain the piece. [5] suggested linking the region details and color
histogram for creating video databases based on artifacts. A genetic algorithm-based
segmentation method was proposed in [6] to alter image characteristics triggered by variable
environmental conditions. [7] describes a two-step approach to image segmentation. The

authors suggested a graph-based approach in [8].

3. Image Segmentation

In the process of segmentation, the input image is divided into regions that do not overlap
with one another [9]. Every region is the same and is linked together. When all the pixels
conform to the homogeneity criterion, the areas are the same.

If there is a path between any two pixels that are located within the zone, then the zone is
said to be connected. Using this method, an image can be divided into sections that have
consistent and consistent features. The goal of picture segmentation is to reduce the complexity
of an image's representation by converting it into a form of meaning that can be easily analyzed
[10, 11].

3.1.Image Segmentation Using Gas

A proposed approach for estimating the solution area involves the utilization of a distance
function that incorporates both local and global compute segments. This approach employs a
genetic algorithm (GA).
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To develop a proficient genetic algorithm (GA) for picture segmentation, it is imperative to

focus on two main considerations as highlighted in previous research [12,13].

1- Identify the optimal symbol to symbolize each solution.

2- Establishing an optimal fitness posture depending on weight and health. Image
segmentation algorithms typically include customizable parameters, which enable users
to exert more precise control over the resulting output. The gas method can be broadly
characterized as outlined in reference [14].

At the point when the seed supply is prepared for utilization, three factors come into play.
The initial stage of the genetic cycle, as seen in Fig.1.

Inifial Population
{ Genetic Reproduction )

and Fecombination ,_NE“'- Population = Image Segmentation
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Figl. Flow Chart of the Based Segmentation Method

The evaluation process assesses the quality of the result for each category of factors. If the
maximal efficiency for the present population exceeds the previously indicated value, it is
recommended to discontinue the method [15].

If the performance standards are not satisfied, the purpose of the genetic operators will be
altered. Individuals who possess a significant degree of physical strength are considered
suitable candidates for this endeavor. Within a given population, this phenomenon leads to the
emergence of a subsequent generation of offspring that exhibits enhanced performance.
Following the application of a revised population for the second iteration to divide the image,
the cycle recommences. The term "generation™ encompasses various stages within the iterative
process, namely "Crossover," "Segmentation-Fitness," and "Mutation." Fig. 1 illustrates the
ongoing process will persist until all requisite requirements have been fulfilled [16,17].

The measurement of distance position in this context is contingent upon the number of pixels
and is influenced by both distress and spatial location. This interplay of factors contributes to

the generation of similarity, as depicted in Fig. 2.
P,
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Fig2. The graph and the distance function

3.2.Genetic Algorithm Methodology

During a genetic algorithm, a collection of strings, often referred to as chromosomes, which
represent potential solutions to an optimization problem, undergoes a progressive evolution
towards improved solutions. In many cases, the phenomenon of evolution commences with a
cohort of individuals that have arisen through autonomous reproductive actions, thereafter,
progressing across successive generations. The generation of a new population is achieved
through a process of random selection of individuals from the existing population, with the
likelihood of selection influenced by their respective fitness levels. These selected individuals
are then subjected to modifications, specifically through crossover and mutation techniques
[18]. Each successive cohort assesses the overall adaptability of everyone within the populace.
Subsequently, the algorithm integrates the revised population in the future iteration. Typically,
the termination of the process occurs when either the maximum number of generations has been
attained or when the population has attained a satisfactory level of health. If the algorithm
terminates when reaching a specific cumulative number of generations [19-21], it is uncertain

whether a feasible solution has been obtained at that stage.

4. Segmentation Of the Image Using Genetic Algorithm
Farmer and Sugars [22] split the genetic algorithms used to segment images into two key
groups for image segmentation.

1. Selection of parameters, where genetic algorithms are used to change the parameters of
an existing system of image segmentation to maximize its performance.

2. Segmentation at the pixel level, using genetic algorithms to perform area marking.

Most methods of image segmentation have several parameters that need to be refined, and

the first approach is therefore used more frequently|[23,24].
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5. Different Soft Computing Techniques Used for Image Segmentation

5.1. Fuzzy Clustering

Data points are divided into homogenous classes or clusters using clustering, which aims to
make the items in the same cluster as similar as feasible and the items in separate classes as
unlike as possible. Distance, connection, and intensity are a few variables that may be utilized
as similarity indicators. In non-fuzzy or hard clustering, information is separated into distinct
clusters, each of which contains exactly one data point. In fuzzy clustering, the data points may
belong to many clusters, and for each point, membership grades that describe the degree to
which the data points are a part of each cluster are assigned. An item can belong to many classes
in variable degrees (referred to as memberships) according to the primary principle of fuzzy
clustering. Numerous benefits may be seen in the membership produced by the fuzzy clustering
method [25].

5.2. Possibility Fuzzy C Mean

The partition should exhibit two key characteristics: intra-cluster homogeneity, which
implies that the data within each cluster should be as similar as possible, and inter-cluster
heterogeneity, which implies that the data across different clusters should be as diverse as
possible.

The assumption is made that the degree of typicality of a point within a fuzzy set (or cluster)
is absolute. This degree is defined by the membership values assigned to that point among the
other clusters existing in the domain under consideration [26]. The process of grouping is
referred to as a probabilistic approach. In contrast, several clustering techniques employ a
probabilistic constraint that mandates the summation of membership values for a given point to
equal one. According to this constraint, it is stipulated that a given point can exclusively be
assigned to a single cluster at any given moment. The PCM methodology diverges from other
methods by not assuming probabilistic constraints. The Probabilistic Constraint Model (PCM)
is founded on the concept of relaxing the probabilistic constraint [27], enabling the
interpretation of the membership function or degree of typicality in a probabilistic fashion.

5.3. Artificial Neural Network

An artificial neural network (ANN) is a kind of information processing that emulates the
operations of biological neural systems, such as the human brain. The narrative structure of the
data processing system assumes a vital role within this paradigm. The system has numerous
interconnected processing units, commonly referred to as neurons, which collaborate to address
a diverse range of problems. An artificial neural network (ANN) can be tailored to suit specific

applications, such as pattern recognition or data categorization, by undergoing a process of
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learning [28]. Neural networks possess the ability to acquire novel talents through the process

of monitoring and assimilating pre-existing ones. Autonomous systems lack the capacity for
programming, rendering them impervious to instruction. It is imperative to use caution and
thoughtful deliberation while choosing samples to prevent time wastage and, more
significantly, to avert potential network malfunctions resulting from subpar input. The presence
of a disadvantage compels the network to independently seek a resolution to the issue,
potentially yielding unanticipated outcomes.

5.3.1 Supervised approach

For segmentation, supervised methods require expert human input. As a result, human
professionals carefully choose the training data that will be utilized to segment the photos. Su-
prevised approaches are based on the manual selection of training pictures by operators or
people with competence.

Divide them up into n regions. Using the chosen photos as training images, the suggested
architecture is trained by assigning labels to each area. After that, the technique may segment
comparable pictures. Regions are given labels based on the knowledge contained in the neural
network architecture that is being.

5. 3.2. Unsupervised procedures

Semi- or completely automated unsupervised approaches are available. The findings should
be independent of humans; however, user intervention may be required at some point in the
process to enhance the effectiveness of the approach. Without the help of an operator, an
unsupervised approach mechanically divides the pictures. The technique divides the picture into

k smaller parts, and then automatically labels each of those sections [29].

6. Technique Of Genetic Algorithm

The objective of a Genetic Algorithm is to identify the optimal solution to an optimization
problem through the iterative improvement of a population of strings (chromosomes) that
represent potential solutions to the problem. Evolution generally initiates with the formation of
novel social collectives and proceeds across subsequent generations [30]. The process of
determining the fitness of everyone in a population involves randomly selecting multiple
individuals from the current population, applying crossover and mutation operations to these
individuals to generate a new population in each generation, and subsequently calculating the
average fitness of these individuals. The algorithm's future iterations incorporate the newly
obtained demographic data. The termination of the method occurs when either a specific

threshold for population fitness is attained or a predetermined number of generations have been
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generated [31] The determination of whether a viable solution has been obtained is contingent

upon the algorithm's termination due to reaching its maximum number of generations.

Genetic or evolutionary algorithms employ the fundamental principles of natural evolution
to effectively choose the optimal resolution for a Solver problem. In the context of a genetic
algorithm, the problem at hand is typically represented as a series of bit strings. However, in an
evolutionary algorithm, the problem is approached by directly utilizing the choice variables and
problem functions to find a solution. Both algorithms are classified as "algorithms.” On
evolutionary algorithms, many commercial Solver products are built. There are a few ways in
which "evolutionary™ optimization techniques differ from "classical™ methods [25]. Operations
That Are Random vs. Deterministic Population Compared to Single Ideal Response Utilizing
"Survival of the Fittest” to choose the best solutions, creating new solutions through mutation,
combining solutions through crossover, and so on. Five phases comprise basic GA (Fig. 3):

Start with a population of N chromosomes that was produced at random, where N represents
the population’s size and | represents the chromosome X's length. Find the fitness value of each
chromosome x in the population by calculating its function (x). Continue doing this until N
progeny are produced: Using the value of the fitness function, choose a pair of chromosomes
at random from the current population. Create an offspring with the crossover and mutation
operations, where i =1, 2, ..., Fresh population should replace the existing one. Move on to step

2 in 5. As shown in Fig. 3, a straightforward GA process.

Population GA Operators

Mutation

Y i
Evaluation

v

Filness value

Evolution Environment

Fig 3: Genetic Algorithm process
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a. Mutation

Periodically, an evolutionary algorithm will introduce random mutations or other
modifications to a subset of the population. Consequently, a new set of alternatives for resolving
the issue will arise. The formulation of this technique was derived from the examination of how
DNA mutations contribute to the natural evolution of organisms. This phenomenon may be
perceived positively or negatively about the existing population. There exist numerous potential
approaches for implementing a "mutation,” and the Evolutionary Solver utilizes three separate
mutation protocols. The Evolutionary Solver employs a strategy known as "repair" to address
issues by iteratively incorporating minor modifications into the algorithm. In instances where
the probable outcome of a mutation appears unlikely, there exists a method that may, on
occasion (but not consistently), render it conceivable. There exist numerous potential mutation
operators, a few of which are outlined below:

1. Flipping.

2. Exchanging.

3. Reversing.

b. Crossover

An evolutionary algorithm attempts to combine components of existing solutions to generate
a new solution with some of the traits of each "parent"; this attempt is motivated by the function
of sexual reproduction in the development of biological organisms. In a "crossover" procedure
that is motivated by the crossover of DNA strands that takes place during the reproduction of
biological organisms, the components of current solutions are mixed. The Evolutionary Solver
uses various variants of two separate crossover techniques since there are numerous alternative
ways to do a crossover operation, much like with mutation, some of which are significantly

better than others. The numerous crossing methods include:

e .Crossover at a single point,

e Crossover at two points.

e Multipoint/N-point crossover.

e Consistent crossover.

e Three-point crossover

The word "crossover probability” denotes a statistical measure employed to ascertain the
frequency at which crossover operations are performed. In the absence of genetic recombination
between parental sets, offspring can be seen as exact replicas of their parents in terms of genetic
composition. If there is a genetic exchange between two individuals, the resulting progeny will
possess chromosomes derived from both parental sets. If the probability of genetic

recombination is 100%, then the offspring will exhibit identical traits. If the population size
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reaches zero, all the chromosomes present will be utilized to generate a new generation. The

process of chromosome crossing over is undertaken with the anticipation that the resultant
chromosome will exhibit superiority over its parental counterparts, owing to the incorporation
of beneficial segments from the original chromosomes [26].

c. Selection

The evolutionary algorithm undergoes a selection process wherein individuals deemed to
possess higher fitness levels are retained within the population, while those with lower fitness
levels are eliminated. The influence exerted by natural selection on the process of evolution
served as a source of inspiration for the development of this technique. In the context of
addressing a constrained optimization issue, the efficacy of a solution is contingent upon its
adherence to the problem's constraints, as well as its alignment with the value of the problem's
objective function. The process of selection guides the evolutionary algorithm towards
progressively enhanced solutions as it traverses the search space. The subsequent examples
illustrate prevalent techniques employed in the process of selection.

Tournament entry.

Randomly choosing.
Boltzmann selection
Stochastic unbiased sampling
Picking a rank.

Choice of the roulette wheel.

Using a competitive neural network is a superior approach to fuzzy clustering approaches
when comparing the aforementioned 5 ways of picture segmentation. The use of genetic
algorithms is another alternative method for segmenting images. The complexity of the problem
is decreased using genetic algorithms. of image segmentation, genetic algorithms are employed
as function optimizers to change the parameters of already-existing segmentation algorithms.
GA s are probabilistic and casualty tools, but they may not evolve in the same way when used
on the same issue. More system knowledge and more fuzzy logic and ANN approaches were
required. More mathematics as compared to GAs [27].

Therefore, based on a comparison of all available soft computing techniques, genetic
algorithms are the most accurate way to segment a picture since they can handle complicated
color images, which is extremely helpful nowadays as most photographs are colorful.

d. Randomness

First, it uses some random sampling. It is therefore nondeterministic, and even if your model
hasn't changed, different executions of the procedure may have slightly different results. The

linear, nonlinear, and integer Solvers, which are also part of the Premium Solver, are
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deterministic techniques; they consistently provide the same answer if you begin with the same

values in the decision variable cells.

e. Population

Moreover, in contrast to conventional optimization methods that often retain only the best
solution obtained thus far, an evolutionary algorithm maintains a population of viable solutions.
While it is possible to identify a single or a limited number of options as the "best," the rest of
the population serves as "sample points” in different areas of the search space. These points
may contribute to the emergence of a more optimal solution in the future. The utilization of a
population of solutions in the evolutionary algorithm serves the purpose of circumventing the
potential entrapment at the present local optimum, enabling the algorithm to explore the

possibility of a superior optimum that may lie beyond the scope of the current solution.

7. Method of Genetic Algorithm

The Genetic Algorithm consists of the steps below [32]:

Step 1: Pick an initial population of people.

Step 2: Assess everyone's health in that population.

Step 3: Repeat before termination of this generation (time limit, satisfactory fitness
attained, etc.):

a-Select the best-fit reproductive individuals.

b-Breeding new individuals to give birth to offspring via crossover and mutation
operations.

c-Evaluating the individual health of new people.

d-Substitute new people into the least-fit population.

The fact that GA tries to solve problems through evolution is both a benefit and a drawback.
Natural life moves away from unfavorable situations rather than toward a good solution,
therefore evolution is not unidirectional. It can lead to a species' evolution reaching a stalemate.
We may be unaware that GA is providing a sub-optimal answer. A big phenomenon is the
convergence principle. in GA For example, to begin a GA search by providing user input and
receiving results, certain values are retrieved that are the best answer at the time. This proved
to be a significant setback as well [33]. However, the produced result may not be optimum, and
better outcomes in real life may be achievable. circumstance the reason for this is that there
may be a local optimal point in a GA search process, and if you descend to that point, you won't
be able to search for the global optimal. Which is exactly what we need. Convergence is the
property of descent inside the local optimum space. This is a flaw in the GA search mechanism.

[34-36].
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8. Conclusion

The utilization of the Genetic Algorithm offers numerous advantages when seeking the
optimal solution. This essay aims to elucidate the advantages associated with the
implementation of hybrid algorithms. Numerous studies have consistently demonstrated that
this strategy is the most effective method for optimizing a wide range of variables. The
evolutionary algorithm streamlines the process of conducting a comprehensive search for the
optimal solution across a multitude of criteria. Besides the fitness function, other parameters
like as the chromosomal encoding scheme and the incorporation of genetic operators may
influence the outcome of the optimization process. Conversely, by selecting the parameters
judiciously, it is possible to enhance the quality of the image segmentation. Considerable
discourse has transpired over the comparative advantages of non-conventional image
segmentation algorithms, such as fuzzy, competitive neural networks, and evolutionary
algorithms, in contrast to their more established counterparts. When comparing fuzzy and
competitive neural networks, it becomes evident that fuzzy neural networks demonstrate
superiority in the context of picture segmentation, whereas competitive neural networks are
more effective for fuzzy clustering. Another viable option for image segmentation is the
utilization of genetic algorithms. Genetic algorithms are employed to mitigate the intricacy of
an issue that might otherwise pose significant challenges in its resolution. Genetic algorithms
are widely recognized as function optimizers due to their application in refining the parameters
of pre-existing segmentation algorithms, hence playing a crucial role in the image segmentation
procedure. Furthermore, this study proposes the utilization of hybrid algorithms, such as genetic
algorithms (GAs) and artificial neural networks (ANNSs), to enhance the aesthetic quality of

segmentation results and reduce processing durations.
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Abstract:

A systematic series of binary Phosphor tellurite glasses in the form [(90-X%)TeO2-
(X%)V205] in mol%, where X = (10,20,25,30,35) have been successfully prepared in standard
method (melt quenching), The effect of adding (V205) have been discussed. The X-Ray
diffraction spectrum shows that the glass composite had no sharp peaks, The absence of abroad
hump at (260=25-300) indicates the presence of (L.R.O) long-range structural was disorder. The
glass network structure was discussed through IR and Raman spectroscope and that showed the
glass network is built of (TeO3 and TeO4) units. From the UV-visible spectrum, the edge of
absorption the optical energy gap (Eopt) Urbach energy (Eo), and refractive index (n), have
been determined. The results show that (Eopt) decreased with the increase of (V205)
concentration, and Urbach energy (Eo) decreased with the increase of (V205) content, the
refractive index (n) increased with the increase of (V205) concentration. The thermal
parameters such as transition temperature (Tg), thermal stability (S), and thermodynamic
fragility (F) are calculated by differential scanning calorimetry (DSC). Structural analysis of

the glass system was identified by scanning electron microscopy (SEM).

Keywords: Optical energy gap. Urbach energy, X-Ray, SEM, Glass system, DSC.
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1. INTRODUCTION:

Specific optical properties make this glass particularly suitable for equipment in different
laboratories [1]. Tellurium-containing glass melts quickly and is therefore considered a
promising material due to its optical properties [2]. Transition materials have been used because
they have more than two valence states that affect the optical parameters of the glass [3,4].
Vanadium pentoxide (V205) doped with a divalent ratio of {V+4/V+5} is an n-type
semiconductor [5]. Tellurite glasses have gained importance in the optical instrumentation
industry due to their high transparency in the visible and infrared spectrum [6]. The topology of
tellurium-containing glasses is based on the presence of different types of TeO4 and TeO3 units
[7]. The structural and optical properties of tellurite glasses have been studied [9,10,11,]. Glasses
can be formed when tellurium dioxide (TeO2) is mixed with many different oxides from groups
I, 1V, and V of the periodic table. The triangular bipyramid (TeO4) transforms into (TeO3)

and forms an alkali metal oxide [8]. Tellurium dioxide-based glasses have weak Te-O bonds
e —

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

17



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
mailto:rasha.talib@coeng.uobaghdad.edu.iq
file:///D:/مجلة%20الكتاب/المجلد%20السابع/العدد%20الثاني/البحث%20الثاني/hazharkhalid515@gmail.com

Omer HKH, Hassan MA. / Al-Kitab Journal for Pure Sciences (2023); 7(2):16-29.
EE,———

that are easily broken and are therefore suitable for accommodating metal oxide ions [9]. This

study aimed to investigate the effect of (V205) on the optical, thermal, and structural properties

of tellurite glass systems.
2. Experimental work
Ternary glasses of the type [(90-X%)TeO2-(X%)V205] were prepared from (V205-TeO2)

by use of the standard (melt-quenching) technique. The appropriate amounts of reagents were
mixed in alumina crucibles in an electric furnace kept at (850-950C0). then the series of melts
was poured on the stainless plate at 450 Co The glass samples had a thickness (Imm). The
structure of the glasses was checked by X-ray diffraction (XRD) using (PANalytical) radiation.
Scanning electron microscopy (SEM) measured by (KYKYEMS3200) images were acquired
from the surfaces of glass samples. The IR and Raman spectroscopy of the glass system was
recorded at room temperature in the 400-4000 cm-1 wave number range. The optical properties
measurements by (UV-Visible-Biomte5) with wavelength range from 100-900nm. Thermal
parameters investigated by (DSC) were glass transition temperature (Tg), thermal stability (S)
and thermodynamic fragility (F) have been calculated.
3. Results and discussion
3.1 X-ray diffraction
X-ray diffraction spectra of (TeO2-V20s) glass samples were recorded at an angle of 2° in
the range of 80° > © > 10°. Figure (1) shows that the XRD spectrum has no discrete or
continuous peaks. The absence of sharp peaks and hillocks at (~270) indicates the presence of
long-range structural faults [10]. Since no sharp line spectrum was obtained in the XRD
spectrum, it can be assumed that there is no evidence of a crystalline phase in the glass sample.

The broad hump pattern indicates that the as-prepared glass samples are amorphous.

350 +
300 -
250 -
200 -
150 -
100 -
50 -
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0 20 40 60 80 100
20 (deg)

Intensity (a.u)

Figure 1: XRD pattern of TeO2-V20s
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3.2 Infrared Absorption Spectra

TeO,-V20s glasses were used to study the infrared absorption spectra, which are displayed

in Figure (2).
0.5 90%Te02-10%V205
—80%Te02-20%V205
04 —75%Te02-25%V205
= ——70%Te02-30%\/205
D
% 0.3 —65%Te02-35%\205
C
©
‘g 0.2
[77]
O
<
0.1 SR
0

350 850 1350 1850 2350 2850 3350 3850
Wavenumber(cm-1)

Figure 2: IR spectra of all the studied glass samples

We notice from Table (1) that there are many bands in different regions of the infrared range
with an increase in the percentage of (V2Os), The presence of a band at (541-531) cm-1 could
indicate a bend in the Te-O-Te bonds and the triangular expansion of TeO4 with oxygen bonds,
while the bands at (925-928) cm-1 could be due to such vibrations in the bonds V-O where
V205 has strong vibrations in this spectral range [11], while the presence of bands at (1013-
1037)cm-1 indicates the vibrations of isolated vanadium groups V=0 in (VOs) trigonal, and the
presence of bands at (1582-1642)cm-1 Refers to vibrations in the hydroxyl groups (OH) in the
sample, where the bends of the O-H vibrations appear at this spectral range in the form of
broadband, while the beams at (3662) cm-1 are due to the retention of water molecules within
the structure of the sample [12].

Table 1: Band positions of IR spectra of the studied glass sample

V205 Band Position (cm™)

Content 500 900 1000 1500 3000
10 531 1013 1582 3662
20 532 1014 1585 3662
25 541 925 1030 1642 3662
30 540 925 1035 3661
35 541 928 1037 3662
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3.3 Raman spectroscopy

Raman spectra were measured for the glass compound (TeO2-V20s) and all percentages
(V20s) at room temperature. Figure (3.3) shows the locations of the absorption bands for the
Raman spectra. Table (3) also shows the values of the absorption bands for the Raman spectra
for the glassy compound (TeO2-V20s).

TeO2-VZ05(% 55)
TeO2-V205(% 30)
100 TeO2-V205(% 25)

TeO2-V205(% 20)
TeO2-v2O5(% 10)

80 -
60 —/\/\/\J\,\/\/\/\/\/\d\/\/\/\/
40 _/\/\/\’J\/\M
20 —/\/\/\,\/\N\/\/\/\/W\/\/\/\/
o _/\/\/\_A/\/M/\/\/\/\A/\/\/\/

T T T T
0 1000 2000 3000 4000
Raman Shift (cm-1)

Intensity(a.u)

Figure 3: Raman spectra for the glassy compound (TeO2-V20s)

Table (2) shows the values of the Raman bands for all ratios of (V20s), as we note that there
is aband at (433-425) cm-1, which is due to the vibrations in the Te-O-Te bonds in the structural
units of Teos, and this band represents the peak of the Te-O bonds and V-O vibrations [12],
while the bands at (781-768) cm-1 can indicate vibrations in the O-V-O and V=0 bonds. When
the concentration of V2Os increases, we notice an overlap in the Te-O, V-O bonds, and finally
the bands at (1322-1319)cm-1 It indicates the increase of O-V-O and V-O-V groups and the
breaking of TeO> chains to be replaced by V20s as the basic network in the glassy group [13].

Table 2: The values of the absorption bands of the Raman spectra for all ratios (V20s) in

the glassy compound (Te02-V20s)

V205 Content Raman Shift (cm-1)
10 433 768 1319
20 430 775 1317
25 428 781 1319
30 428 778 1322
35 425 778 1322

3.4 Optical absorption edge
Ultraviolet and visible absorbance measurements were made for the semiconductor glass

(TeO2-V20s) and all percentages (V20s) as a function of wavelength as shown in Figure (4).
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Figure 4: Absorption spectra for all the studied samples

The value of the optical energy gap (Eopt) Was calculated from the Figure (5). The energy of
the tail beam (Eo) was calculated from the graph Figure (6) between the logarithm of the
absorption coefficient (Lna) with the energy of the incident photon (h). the refractive index
(n), of the semiconductor glass (TeO2-V20s) and the absence of sharp absorption edges from

the UV-visible absorption spectra confirm the amorphous nature of the glass samples [14].

5000 -
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Figure 5: Quantity of (wha)*? as a function of photon energy in the glassy compound (TeO2-V20s)
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Figure 6: The quantity (Ina) as a function of the photon energy in the glassy compound (TeO2-V20s)

L
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

EE,———
21



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Omer HKH, Hassan MA. / Al-Kitab Journal for Pure Sciences (2023); 7(2):16-29.
e —

With the increase in the concentration of (V20s), we notice a decrease in the optical gap

energy (Eopt) values (4.23-3.93 eV) through the transformation of TeO. units into TeO3 and
TeO4 units, and the establishment of bridging bonds of oxygen as shown in Figure (7) [15], as
well as with an increase The concentration of (V20s) in the glass compound, we notice a
decrease in the value of the energy of the tail of the band (Eo) (1.5-0.84 Ev), causing a sharp
decrease in the long-term arrangement of atoms through the presence of the Te-O-V bridge
bonds, which leads to an increase in the number of oxygen bonds, as indicated by The
amorphous nature of the glass is consistent with the (XRD) results, which indicate the presence
of a periodic three-dimensional network in the glass samples as shown in Figure (8) [16].

4.3
4.25 -
4.2 - ¢

4.15 -
41 - L 2

4.05 *
4 *

3.95

3.9 - *

3.85 -

3.8 T T T 1
0 10 20 30 40

V,0; Content

Eop(eV)

Figure 7: Optical gap energy as a function of (V20s) content in the glass compound (TeO2-V20s)
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Figure 8: The tail energy of the beam as a function of (V20s) content in the glassy
compound (TeO2-V20s)

Figure (9) shows the increase in the refractive index with an increase in the concentration
of (V20s) from (1.80-1.83), as this can be linked to a decrease in unbridged oxygen bonds and
an increase in the density of glass samples Table (3) shows all Parameters was calculated from
UV-Visible spectrum [17].
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Figure 9: Refractive index as a function of the (V20s) content in the glass compound
(TeO2-V20s)

Table (3) The values of the optical gap energy, band tail energy, and refractive index

for all (V20s) content in the glassy compound (TeO2-V20s)

Refractive
V205
Eop(Ev) Eo(Ev) Index (n)
Content
10 4.23 1.5 1.804
20 411 1.25 1.816
25 4.04 1.1 1.823
30 3.99 0.96 1.829
35 3.93 0.84 1.835

3.5 Differential scanning calorimetry (DSC)
DSC measurements were made for the glassy semiconductor compound (TeO2-V20s) and
all percentages of (V20s) in the compound as shown in Figure (10), where the heat coefficients

shown in Table (4) were found from the (DSC) curves.

TeO2 90% V205 10% TeO2 75% V205 25%

TeO2 80% -V205 20%|

TeOQ2 70% -V205 30%| TeO2 65% -V205 35%)

E
E G 100 200 300 400 500 600 700 G 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
—
=
=

0 200 200 400 500 600 70O 0 100 200 300 400 500 600 70O

Temperature (°C)

Figure 10: DSC curves for the glass compound (TeO2-V20s)
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Table (4) shows the value of glass transition temperature (Tg), crystallization (Tc), melting temperature
(Tp), thermal stability coefficient (AT), thermal stability (S), and thermodynamic brittleness (F) for the
glass compound (TeO2-V20s)

V205 Content Tg Tc Tp AT F S
10 240 355 | 440 115 0.266247379 40.72916667
20 247 356 | 442 109 0.237109641 37.951417
25 252 360 | 444 108 0.226455231 36
30 258 363 | 448 105 0.199482743 34.59302326
35 266 368 | 450 | 102 0.161437701 31.44360902

Table (4) shows an increase in the value of the glass transition temperature (Tg) from 240C°
to 266C° with an increase in the percentage of (V20s) in the glass compound from 10mol% to
35mol% as shown in Figure (11) where it can be attributed to the increase in (Tg) The V-O
bonds contain a higher heat content (644Kj/mol) compared to the heat content of the Te-O
bonds (376Kj/mol) and also the arrangement of V205 atoms inside the glass lattice [18], causing
a decrease in the lattice hardness., the increase in (Tc) (368-355)C° with the increase in the
concentration of (V20s) is due to the decrease in the spacing between the V05 atoms, and the
values of the thermal stability coefficient (AT) range between (102-115)C°, Figure (12), which
indicates The prepared glass is good for uses in optical technigues and devices, as the higher

(AT) the better the quality of the formed glass [19].
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Figure 11: The change in the value of (Tg) as a function of (V20s) content in the glass
compound (TeO2-V20)
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Figure 12: The change in the value of (AT) as a function of (V205) content in (TeO2-V20s) composite

The values of the thermal stability coefficient (S) decrease from 40.72 to 31.44 with the
increase in the concentration of (V20s) as shown in Figure (13), and the thermodynamic
fragility also decreases from 0.266 to 0.161 with the increase in the concentration of (V20s) as
shown in the Figure (14) due to the formation of bonds of bridging oxygen, which causes more

openness in the vitreous lattice with less disturbances [20].
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Figure 13: Variation of (S) values as a function of (V20s) content in the glass compound (TeO2-V20s)
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Figure 14: Variation of (F) values as a function of (V20s) content in the glass compound
(TeO2-V20s)
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3.6 Scanning electron microscopy (SEM)

Scanning electron microscope measurements were made for the semi-conductive glass
compound (TeO2-V20s) and all ratios (V20s) and with different scales. The samples were
measured individually for all scales, but we will suffice in our study with one image for each
sample, as shown in Figure (15).
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SEM HV: 20.0 kV WD: 7.39 mm 1 SEM HV: 20.0 kV | SEM HV: 20.0 kV WD: 7.34 mm
View field: 2.77 pm Det: InBeam 500 ni View field: 2.77 ym 500 nm View field: 2.77 pm Det: InBeam
SEM MAG: 50.0 kx | Date(m/dly): 04/08/23 SEM MAG: 50.0 kx | Date(midly): 04/08/23 SEM MAG: 50.0 kx | Date(midly): 04/08/23
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Figure 15: SEM images of all ratios of (V20s) in the glass compound (TeO2-V20s)

(SEM) images show the glass samples in different shapes and sizes, including nanoparticles,
which are shown in a network-shaped structure with ramified structures that extend over the
surface of the sample [21]. It is well integrated after heat treatment and melting of the material
and its fusion is ideal, forming a three-dimensional porous structure that extends over the entire
sample distance, and The nanostructure consists of granules well connected and randomly
arranged inside the sample, which confirms the amorphous nature of the banned glass [22,23].

4-Conclusion

The X-Ray phase shows that the glass system (TeO.-V20s) was non-crystalline which mean
it is amorphous. The DSC spectra show that the (Tg), and (Tc), increase with rising content of
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V05 from (5% to 25%), thermal stability and thermodynamic fragility decrease with rising

content of V20s, and the results of UV-Visible measurements show the following:

1-The (Eopt) decreased from (4.23 - 3.93) eV with increasing of V.Os content.

2-The Urbach energy (Eo) decreased from (1.5 - 0.84) eV with increasing of V20s content.
3-The refractive index (n) is increasing from (1.804 - 1.835) with increasing of V2Os content.
Raman and IR spectrum considered the amorphous structure of glass system (TeO2-V20s) from

the band position and peaks.
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Abstract:

This article delves into the area of thin films, which are ultrathin layers that challenge
traditional boundaries and serve as pioneers in technological advancements. In this study, we
utilize the Vienna Ab initio Simulation Package (VASP) to investigate the behavior of thin
films from a quantum perspective. In this discourse, we undertake the task of elucidating the
complex interplay of electrons, visualizing the topography of energy, and unraveling the
fundamental nature of material phenomena that extend beyond direct observation. Through the
utilization of intricate visual representations, we establish a connection between intricate
qguantum events and tangible visuals, facilitating the integration of the microscopic and
macroscopic realms. This process contributes to the development of novel frameworks within
the fields of materials science and technology. This study explores the synergistic relationship
between VASP and thin films, providing valuable insights that have implications for
innovation. It encourages us to reconsider the untapped potential of these extraordinary

structures.

Keywords: Thin films, Vienna Ab initio Simulation Package (VASP), quantum
simulations, material behavior, electronic properties.
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1. INTRODUCTION:

In the dynamic field of material science, characterized by continuous advancements and
breakthroughs, thin films serve as pivotal conduits to an undiscovered horizon [1]. The
utilization of atomically precise [2] ultrathin layers, which possess unique features [3,4],
signifies the advent of a novel era characterized by expanded technological prospects. The
perplexing activities that defy easy observation exist outside the physical dimensions of the
subject [5]. Conventional experimental approaches, although reliable, frequently fail to fully
capture the complexities inherent in these films [6]. The present discussion highlights the
significant contribution of computational quantum simulations in elucidating the enigmatic
aspects Including the study presented by Francesco Paesani, because the behavior of water under
different conditions and in different environments remains mysterious and often surprising, The
unique role played by the hydrogen-bond network was examined, first in liquid water, then in
the solvation of model biological compounds, and finally in ice, especially highlighting the
important effects related to the quantization of the nuclear motion [7]. A study by Karthikeyan
Vijayan, S.P. Vijayachamundeeswari b, and others discusses the innovations in thin-film-based
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solar cells, which have gained attention as a sustainable energy source. The review discusses the

exceptional physicochemical properties of thin-film materials and their effective use in solar cell
applications. It covers various generations of solar cells, copper and non-copper thin film-based
advancements, pros and cons, and recent proceedings and future research.[8].In the context of
this endeavor, the Vienna Ab initio Simulation Package (VASP) emerges as a facilitator of
unparalleled understanding [9]. The utilization of quantum mechanics enables us to explore the
intricacies of thin film behavior that exist beyond the surface [10]. The intricate arrangement of
atoms and electrons present in these films can be accurately analyzed using the VASP
computational tool. The arrangement of film thickness, composition, and mechanical strain
reveals a domain in which material behavior is governed by quantum dynamics. The intricate
nature, shaped by interactions occurring at the subatomic scale, becomes attainable through the
computational sophistication of the Vienna Ab initio Simulation Package (VASP). As we go
through the realm of quantum physics, we not only reveal the paths of electrons and the
landscapes of energy but also get insights into the underlying mechanisms governing material
behavior that extend beyond what is directly apparent. The incorporation of thin films into
several fields such as electronics[11], optics[12], energy[13], and other areas has significantly
broadened the scope of innovation. This development has opened new opportunities and
possibilities for advancements in these domains. This article explores a captivating journey in
which the integration of VASP and thin films resonates with the harmonious interplay of
scientific and technological advancements, driving us toward uncharted territories.

2. Theory:

Our methodology is rooted in the application of the Vienna Ab initio Simulation Package
(VASP), a sophisticated quantum simulation platform. VASP is governed by the principles of
density functional theory (DFT), providing an accurate framework to investigate the electronic
structure and properties of materials at the quantum level. Central to our exploration is the
utilization of film thickness (d), composition (C), and mechanical strain (¢) as adjustable

parameters to delve into the world of thin films.
The Schrédinger equation lies at the heart of our quantum simulations:
Y =YHY = EY (1.1)

Where H is the Hamiltonian operator, ¥ represents the wave function of the system, and E

signifies the energy of the quantum state.

Incorporating the concepts of DFT, the Kohn-Sham equation further refines our understanding:
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)
% V24 Veff)¥ =EY¥ (1.2)

Here, f is the reduced Planck constant, m represents the electron mass, V ., denotes the

effective potential, and 72 signifies the Laplacian operator.

To explore thin film behavior, we manipulate film thickness (d), composition (C), and

mechanical strain (¢) as follows:

1-Film Thickness (d): By varying d, we control the number of atomic layers within the thin

film, exploring the impact of quantum confinement on electronic properties.

2-Composition (C): Manipulating C allows us to probe the behavior of different elemental
compositions within the thin film, shedding light on how electronic behavior is modulated by

varying atomic constituents.

3-Mechanical Strain (g): Introducing mechanical strain to the thin film alters interatomic
distances, influencing electronic interactions and revealing the intricate relationship between
strain and electronic structure.

3. Results and Calculations:

We are investigating the behavior of thin films, conducted using VASP simulations, has
provided. The electronic band structures reveal complex energy landscapes, which exhibit band
gaps that dictate the electrical properties. Density of states highlighting regions that are densely
populated with electronic possibilities. This study investigates the impact of differences in
electronic band structures and Density of States (DOS) levels on understanding thin film
behavior. The discrepancies in the electronic band structures of the three samples suggest
differences in their electrical characteristics. Sample 1 may exhibit insulating characteristics,
while Sample 3's dynamic band structure suggests the potential for manipulating electrical
properties to suit specific needs. The study highlights the importance of film composition and
structure in determining electrical conductivity and optical characteristics. The manipulation of
electronic band structure presents opportunities for creating thin films with tailored electronic
properties, which is crucial in the development of materials for various purposes, including
semiconductors in electronic devices and photonic devices with distinct optical characteristics.
The study also focuses on the analysis of Density of States (DOS) profiles, which provide
insights into the electrical arrangements within thin films and the manifestation of quantum

phenomena in thin films. Understanding and utilizing these phenomena is essential for the
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advancement of sophisticated nanomaterials. Overall, the study highlights the potential for

customizing materials to possess desired electrical and optical attributes, enhancing our

understanding of thin film behavior and driving innovation in various technological
applications.

Sample 1: Electronic Band Structure

0.5 +

Band Gap (eV)\

o
o

-6 -4 -2 o] 2 4 6
Energy (eV)

Fig. 1 : Electronic Band Structure
The provided figure illustrates the electronic band structure of a thin film, showcasing the
distribution of energy levels and the positioning of points within the Brillouin zone. The vertical
separation of the band gap serves as a visual representation of the intrinsic band gap. The
complex movement of electrons between different energy levels provides insight into the
electrical properties of the material.
Sample 1: Density of States (DOS)
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Fig. 2: Density of States (DOS)
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Fig. (2) provides further details regarding the density of states (DOS) within the thin film. When

plotted as a function of energy levels, the density of states exhibits distinct peaks and troughs
that correspond to different energy states. Peaks within a given context signify energy levels
that are highly populated, hence providing a comprehensive perspective on the various
electronic configurations that are accessible.

Sample 2: Electronic Band Structure
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Band Gap (eV)\
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8
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Fig. 3: Electronic Band Structure

This figure explores the electronic band structure of a distinct thin film sample. The energy
levels and the Brillouin zone exhibit a mutual interdependence within the plot. The features of
the band gap exhibit variations that provide insights into the alterations occurring in the
electrical properties of the material. The presented depiction effectively demonstrates the
continuously changing characteristics of thin film behavior.

Sample 2: Density of States (DOS)
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Fig. 4: Density of States (DOS)
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Fig. (4) presents the density of states (DOS) observed in the second thin film sample. The
DOS profile, which is associated with energy levels, exhibits peaks and troughs that reflect the
quantum landscape of the material. These arrangements provide insights into the fundamental
electrical structure and introduce a novel approach to material investigation.

Sample 3: Electronic Band Structure

0.6 Band Gap (eV)\
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0.1 T T T T T
-4 -2 o] 2 4 6
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Fig. 5: Electronic Band Structure

The electrical band structure of a third thin film is depicted in Fig. (5), which provides an
enlarged view of the energy levels and the Brillouin zone. The band structure exhibits dynamic
shifts that present potential for the customization of electrical properties. The visualization of

electron movement within the bands offers valuable insights into the potential applications of
the material.

Sample 3: Density of States (DOS)
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Fig. 6:Density of States (DOS)
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Fig. (6) illustrates the density of states (DOS) within the third thin film specimen. The

relationship between energy levels and density of states (DOS) is intricately connected,
revealing the intricate structure of quantum energy states. The presence of peaks and valleys in
a material's electronic landscape is indicative of its various electronic arrangements.

Firstly, the Comparison between Electronic Band Structures

The energy levels and Brillouin zones for three independent samples are depicted in Fig.
(1), (3), and (5), which represent Electronic Band Structure plots. The first sample (Fig. (1))
demonstrates the presence of an inherent band gap that regulates its electrical characteristics,
whereas the second sample (Fig. (3)) indicates dynamic changes in its band structure,
suggesting the possibility of changing electrical properties. On the other hand, Sample 3 (Fig.
(5)) exhibits an amplified representation of its electronic band structure, thereby highlighting
the possible prospects for customized electronic characteristics, which might be advantageous
in several fields such as electronics or optics.

Secondly Comparison between the Density of States (DOS) :

The Density of States (DOS) diagrams, as depicted in Fig. (2), (4), and (6), provide valuable
insights into the quantum energy states present in the three examined samples. The DOS profile
depicted in Sample 1 (Fig. (2)) exhibits distinct peaks and valleys, offering a comprehensive
depiction of its electrical structures. In the case of Sample 2 (Fig. (4)), the density of states
(DOS) profile exhibits peaks and troughs that correspond to its quantum landscape. However,
it is expected that there would be some differences in these features compared to Sample 1.
Sample 3 (Fig. (6)) exhibits a discernible density of states (DOS) profile characterized by
prominent peaks and valleys, indicating distinctive electronic configurations that deviate from
those observed in Samples 1 and 2. The aforementioned comparisons highlight the
discrepancies in electronic band structures and density of states (DOS) profiles observed in the
three samples, thereby demonstrating the significant impact that modifications in film
composition or structure can have on their electronic properties. These insights have immense
value in customizing materials for specific purposes within disciplines such as electronics or
optics.

4. Conclusions

In the passionate endeavor to comprehend the complexities of material behavior, we direct
our attention toward the captivating domain of thin film simulations. The mutually beneficial
relationship between VASP's computational capabilities and Origin's visualization expertise
enhances our understanding of the intricate nature of thin film complexity. By utilizing these

communication pathways, we navigate the extensive realm of atomic and electronic
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interactions, acquiring valuable knowledge that spans from the minuscule to the grand scale.

This process facilitates significant advancements in the field of materials science and

technology, leading to transformational advances.
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Abstract:

COVID-19 exhibits a systemic inflammatory response to heightened blood levels of
complete blood count (CBC) and C-reactive protein (CRP) that are indicative of severe illness
in microbial (bacteria and viruses) infections. We aimed to investigate the correlation between
CBC and CRP levels during the first hospitalization and clinical outcomes in COVID-19
patients with fungal co-infection. This research involved 100 post-COVID-19 patients referred
to Al-Shafaa Hospital in Al-Ramadi, Anbar province, from October 2022 to May 2023. Each
patient had blood drawn to determine their total blood count and C-reactive protein titer. Even
though only nine patients had high CRP levels, the current study found that patients had
insignificantly (P< 0.05) higher CRP levels than controls. It was revealed that 39 out of 100
patients developed an elevated white blood cell count. In contrast, five patients acquired a high
RBC count. Neutrophilia was found in 39 of the patients. Five patients developed
lymphocytopenia. In contrast, 12 patients had a high lymphocyte count. CRP and N/L ratio
significantly discriminate patients from control. In conclusion, the results of CBC and CRP
were variable among COVID-19 patients co-infected with fungi. Nevertheless, CRP and N/L

markers are reliable and sensitive predictors of clinical outcomes in patients with COVID-19.

Keywords: CBC, N/L, CRP, COVID-19, Fungi.
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1. INTRODUCTION:

SARS-CoV-2 is an enveloped virus with a diameter of 100 nm and a mass of approximately
one femtogram. Its genome consists of a linear single-stranded RNA, positive-sense with a
length of about 29,800 base pairs, with % encoding non-structural proteins and one-third
encoding structural proteins, including membrane (M), envelope (E), nucleocapsid (N), and
spike (S) proteins [1].

The liver produces C-reactive protein (CRP) upon the action of IL-6, and it is commonly
used as a bioindicator of inflammation [2-4]. Multiple studies have established a link between
elevated CRP levels and increased disease severity in COVID-19 patients, as well as in

individuals with HIN1 influenza pneumonia [5]. COVID-19 is known to cause noticeable
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demonstrations in the hematopoietic system, with common hematological abnormalities

recognized in affected individuals. Platelets, lymphocytes, hemoglobin, eosinophils, and
basophils have all exhibited marked decreases from the disease's initial stages, and these
changes have been associated with disease severity and clinical outcomes. The growth and
division of monocytes throughout the infection course of COVID-19 remain indeterminate,
given that the SARS-CoV-2 infection appears to directly weaken adaptive immune responses
against viruses. Moreover, an elevation in the level of neutrophils and the neutrophil-to-
lymphocyte ratio (NLR) has been linked to progressive disease. The assessment of laboratory
data at baseline and throughout the infection process may aid scientists in developing custom-
made treatment approaches as well as providing thorough care to those who require it the most
[6].

In this study, we aim to investigate the relationship between CRP concentrations at hospital
admission and pathological findings in COVID-19 patients in Ramadi, Irag, in a healthcare
system of considerable size.

2. Materials and Methods:

2.1. Study group
A total of 100 post-COVID-19 patients coinfected with fungi (Aspergillus and Candida)
referring to Al-Shafaa Hospital in Al-Ramadi, Anbar province were enrolled in this study for
the period October 2022 to May 2023. Blood specimens were collected from each patient to
assay the complete blood count and C-reactive protein titer.
2.2. Blood assays
2.2.1. Complete Blood Count
XN 350 Sysmex hematology analyzer was used to perform this test.
2.2.2. C-Reactive Protein
C-reactive protein titer was estimated as instructed by the manufacturer company (Fine
Care, UK).
3. Statistical analysis
All experiments were performed in triplicate and data are expressed as mean and standard
deviation. Kolmogorov-Smirnov and Shapiro-Wilk tests were performed to test the normality
distribution of data. Categorical data were demonstrated as numbers (percentage); whereas the
nonparametric data were demonstrated as median. Mann-Whitney and Kruskal-Wallis tests
were employed to evaluate the differences among study groups medians. Chi-square was used

to test the demographic parameters. Regarding CRP, the receiver operating curve (ROC)
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analysis was performed to calculate the cut-off value, sensitivity, and specificity. The

differences were considered significant when the P value < 0.05. These statistical analyses were

done using GraphPad Prism 9.5.0 software.
4. Results and Discussion:

4.1. Frequency of CRP by co-infection with fungi

Even though only nine patients demonstrated high levels of CRP (>10 mg/L), the current
study showed that patients developed insignificantly (P< 0.05) higher (6.624 + 3.914 mg/L)
CRP levels than controls (4.544 + 1.9 mg/L), as it is presented in Fig.1.

15+
P =0.0025

104

CRP titer (mg/L)

1
control patients

Fig. 1: Level of CRP in control vs. patients of COVID-19 presented with fungal infection.
Mann-Whitney test P < 0.05.

Although the area under the curve (AUC) is 0.691 + 0.051 (CI195% = 0.59 - 0.79, P=0.03),
CRP cannot discriminate the infection with Aspergillus or Candida with a cut-off value = 6.95
mg/L, due to the low sensitivity (0.384) but it can detect the negative cases very accurately
(specificity = 0.96) as it is depicted in Fig. 2.

ROC curve: ROC of CRP

1.0

Sensitivity
o
a
|

0.0 ————————— .
0.0 0.5 1.0

1 - Specificity

Fig. 2: Receiver operating characteristic (ROC) curve of CRP, AUC =0.693, C195% =
0.59-0.79, P=0.028, Cut off value = 6.95, sensitivity = 0.384, specificity = 0.96
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The CRP level significantly increased (P<0.05) compared to controls. Additionally, the CRP

level exhibited a greater increase in the infection initial phase among the patient group (p<0.01).
Nevertheless, CRP concentration in bacterial infections insignificantly differed (p > 0.05) from
the fungal infection during the infection acute phase [7].

CRP has been shown to stimulate phagocytosis by phagocytes through a specific CRP
receptor, which aids in the removal of various pathogenic microorganisms. A cytokine storm
may be induced in COVID-19 pneumonia, which is linked with a significant death risk.
Cytokines including IL-6 and TNF-o may drive the liver to create CRP, a biomarker that closely
correlates with COVID-19 development and is highly increased during the early phases of
inflammation. Systemic inflammation, in terms of CRP, is highly linked to venous
thromboembolism, acute kidney injury, serious diseases, and hospital-related death rates in
COVID-19 patients. Hence, evaluating inflammatory bioindicator-based methods for risk
classification and treatment could improve patient outcomes [8, 9]. Regarding baseline
laboratory data, the fungal positive group exhibited statistically significant differences in CRP,
D-dimer, and serum ferritin levels (P< 0.05) compared to the fungal negative group, on the
contrary, the CBC indices differed insignificantly (P> 0.05) [10].

4.2. Complete blood count according to co-infection with fungi
The result of CBC is grouped in Table 1.

Table 1: Frequencies of WBC total and differential count, RBC, hemoglobin, and
platelets in patients of COVID-19 according to fungal isolates

Criterion C. albicans || C. tropicalis || A.flavus || A.niger || Total
WBC (< 4 x 10° cell/L) 0 0 0 0 0
WBC (> 11 x 10° cell/L) 20 8 6 3 39
Neutrophil (< 1.6 x 10° cell/L) 0 0 0 0 0
Neutrophil (> 7 x 10° cell/L) 21 7 7 4 39
Eosinophil (< 0.001 x 10° cell/L) 0 0 0 0 0
Eosinophil (> 0.4 x 10° cell/L) 0 2 0 0 2
Basophil (< 0.001 x 10° cell/L) 0 0 0 0 0
Basophil (> 0.8 x 10° cell/L) 0 0 0 0 0
Lymphocytes (< 0.8 x 10° cell/L) 5 0 0 0 5
Lymphocytes (> 4 x 10° cell/L) 6 4 2 0 12
Neutrophil/lymphocyte ratio 16 3 5 3 27
Monocytes (< 0.24 x 10° cell/L) 1 0 0 0 1
| Monocytes (> 0.7 x 10%cell/L) || 43 I 11 |9 || & | 69 |
RBC (< 4 x 102 cell/L) 8 0 0 1 9
RBC (> 5.5 x 10 cell/L) 2 2 0 1 5
Haemoglobin (< 11 g/dL) 15 2 3 1 21
| Haemoglobin (> 16 g/dL) I 3 I 0 | o || 2 | 5 |
Platelets (< 1.5 x 10%* cell/L) 5 0 1 0 6
Platelets (> 4.5 x 10%* cell/L) 3 1 2 0 6
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4.3. WBC total and differential count
The findings of the current work illustrated in Fig. 3 revealed that a total of 39 out of 100

patients developed high white blood cell count (> 11 x 10° cell/L); 20, 8, 6, and 3 of them were
infected with C. albicans, C. tropicalis, A. flavus, and A. Niger, respectively. WBC levels in
the fungal-infected group dropped during the beginning infection and acute phases when

compared to the control group (p < 0.01) [7].

301

20

Number of cells

Fig. 3: Scatter plot of the frequencies of WBC total and differential count, RBC,
hemoglobin, and platelets in patients of COVID-19 co-infected with Aspergillus or
Candida. Horizontal bars represent mean * standard deviation.

Neutrophilia was observed in 39 patients; 21, 7, 7, and 4 were co-infected with C. albicans,
C. tropicalis, A. flavus, and A. Niger, respectively. Two of the patients who developed
eosinophilia were co-infected with C. tropicalis. None of the patients developed basophilia.

Neutrophils play a crucial role in defending against fungal pathogens by migrating toward
the invading microorganisms and eliminating them through phagocytosis, oxidative burst, and
the release of neutrophil extracellular traps [11]. Meanwhile, there have been varying reports
on eosinophil counts during COVID-19, and it remains unclear whether these changes are
related to the primary disease process or a result of treatment-induced immunomodulation [12].
The microbial (bacteria, fungi, and viruses) cytoplasmic membrane contains phospholipids,
which interact with the CD300a receptor on eosinophils [13].

Five patients developed lymphocytopenia (< 0.8 x 10° cell/L) all of them were co-infected
with C. albicans. While 12 patients showed high lymphocyte count (> 4 x 10° cell/L), 6, 4, and
2 were co-infected with C. albicans, C. tropicalis, and A. flavus, respectively. Regarding

monocytes, one patient developed monocytopenia (< 0.24 x 10° cell/L) and was co-infected

L
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with C. albicans. While, 69 patients showed high monocyte count (> 7 x 10° cell/L), 43, 11, 9,

and 6 were co-infected with C. albicans, C. tropicalis, A. flavus, and A. Niger, respectively.

Both nonspecific innate and acquired immunity, including neutrophils, macrophages,
dendritic cells, lymphocytes, and monocytes, are important in host defense against congenital
mycoses. Thl lymphocytes secrete cytokines such as IFN-y, IL-2, and 1L-12, which induce
cytotoxic cells and neutrophils to abolish fungal cells. Th2 lymphocytes, on the other hand,
secrete cytokines such as IL-4, IL-6, and IL-10, which reduce cellular immunity by counter-
regulating the production of IL-2, IL-12, and IFN- y and depressing macrophage activity.
Cellular processes are also important in host responses to fungal infections, and T-lymphocyte
malfunction and reduction in number are common in individuals with mycotic illnesses [14].
Monocytes and their descendants, such as macrophages and dendritic cells, play a variety of
functions in the immune response to fungi. Monocytes detect fungus and activate signaling
pathways that cause direct actions like as phagocytosis and cytokine generation. Monocytes are
additionally able to deliver fungal antigenic components to generate adaptive immune
responses [15].

The present results revealed that 16, 3, 5, and 3 patients co-infected with C. albicans, C.
tropicalis, A. flavus, and A. Niger, respectively developed an N/L ratio above the control mean

(4.435). C. albicans patients significantly outnumbered other patients.

Receiver operating analysis demonstrated a cut-off of 3.135 (AUC = 0.671, CI95% = 0.569-
0.773, P=0.008, sensitivity = 0.59, specificity = 0.76) for neutrophil/lymphocytes ratio (NLR)
as depicted in Fig. 4.

N/L
157 B
I& mm Control
= Patients
o 104 _
s
=
Z
0= T

Control Patients

Fig. 4: N/L ratio in control vs. patients of COVID-19 presented with fungal infection.
Mann-Whitney test P < 0.05.
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Combining the NLR with the age variable can aid in risk stratification and guide the

establishment of diagnostic and therapeutic procedures for COVID-19 patients. A high
neutrophil-to-lymphocyte ratio indicates a poorer chance of survival, making risk
categorization and management crucial for alleviating medical resource shortages and reducing

the mortality rate of critically ill patients [16].

ROC curve: ROC of N/L

1.0 =
7
P
= |
% 0.5
j
(b}
(2]
0.0fF+—Tr+r+TT T T 1
0.0 0.5 1.0

1 - Specificity

Fig. 5: Receiver operating characteristic (ROC) curve of N/L ratio, AUC = 0.671, CI195%
=0.569-0.773, P=0.008, Cut off value = 3.135, sensitivity = 0.59, specificity =0.76

4.4. RBC and hemoglobin

Regarding RBC, it was found that 9 patients had low RBC count (< 4 x 10*2 cell/L), 8 of
them infected with C. albicans and one patient with A. Niger. On the other hand, 5 patients
developed high RBC count (> 5.5 x 102 cell/L), 2, 2, and 1 patient were co-infected with C.
albicans, C. tropicalis, and A. Niger, respectively. Concerning the hemoglobin results, it was
found that 21 and 5 patients developed anemia (< 11 g/dL) and high (> 16 g/dL) hemoglobin
concentration. Furthermore, 15, 2, 3, and 1 of those who developed low hemoglobin were co-
infected with C. albicans, C. tropicalis, A. flavus, and A. Niger; whereas 3 and 2 of those
presented with high hemoglobin levels were co-infected with C. albicans and A. Niger.

4.5. Platelets

The present findings revealed that 6 patients developed low platelet counts and another 6
developed high counts (Fig. 5). Out of the thrombocytopenia patients, 5 and 1 of them were co-
infected with C. albicans and A. flavus, respectively. Nevertheless, 3, 1, and 2 patients with
increased platelets were co-infected with C. albicans, A. flavus, and A. Niger, respectively.

Platelet count was reduced in the fungal-infected group in comparison to the control in the

initial and acute phases of infection (P< 0.01). Platelet count was reduced in the bacterial-
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infected group during the infection's initial and acute phases (p <0.01). Furthermore, the fungal

infection group had a greater decline in platelets number than the bacterial infected group

(P<0.01); nevertheless, in the infection acute phase, platelets count differs insignificantly

between bacterial- and fungal-infected groups (P > 0.05) [7].

5. Conclusions

CBC and CRP levels varied among COVID-19 patients who were also afflicted with

pulmonary aspergillosis and candidiasis. CRP and N/L indicators are similarly accurate and

sensitive for predicting COVID-19 in-hospital outcomes.
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Abstract:

O

Graph G has two sets of information: the vertices, V(G), and the edges, E(G). The definitions

for the Connectivity, Geometric Arithmetic, Atomic Bond, and Sum Connectivity Indices of G:

1

e The Connectivity index:X(G) = Zu,veE(G)W

e The Geometric Arithmetic Index: GA(G) = Xy, ver(c)

e The Atom bond connectivity index:ABC(G) = X, vek(c) \/

2,/ deg(u).deg(v)

deg(u)+deg(v)

deg(u)+deg(v)—2
deg(u).deg(v)

e The Sum connectivity index: X(G) = X, vegc) 1/ (V(deg (w) +deg (v)) )

were deg(u), deg(Vv) are a degree of vertices. Dendrimers are synthetic, man-made molecules

that are composed of monomers organized in a branching structure. in this article, we calculate

Connectivity, Geometric Arithmetic, Atom Bond Connectivity, and Sum Connectivity Index

for the PAMAM, POPAM, and HACN1J dendrimers.

Keywords: Index, Dendrimers, Core, Stage, PAMAM, Graph.
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(Salail) < gal) aladialy o2 ol gashall ydisal) (ailad Julas
cijle cpallie dus <Cgelis Olgha J g

Ghall ¢ cu)Ss daals ¢ Albabylly Gaulall agle LIS Slualyll ad
Batoolsatwan@gmail.com

-

DAl
e E(G) Glsallde saae s V(G) el led 3o (A (o300 A same ¢ gana o (5 sian Al s )l

s =3 Al 5 Connectivity, Geometric Arithmetic, Atomic Bond, and Sum Connectivity Indices
jSulls

_ 1 _ 2 /deg(u).deg(v)
X(@) = Zu,veE(G) deg(uw).deg(v) GA(G) = Zu,veE(G) deg(uw)+deg(v)

deg(u)+deg(v)-2
deg(u).deg(v)

e ABC(G) = Suverco) J
e X(6) = Suvesce,1/(V(deg (u) +deg (1)) )

O 0S8 Glaiy) aiia (e Aelibial Gl ja e 8 jhe Gladid) | a5l a2 L deg(V) «deg(u) e
Connectivity, Geometric aala s glii (u led daa gl sl Alial) o8 & Ao j8ie Ay 8 dadaie ) ya g ga
PAMAM, J <liis e S Arithmetic, Atom Bond Connectivity, Sum Connectivity Index
el 5 g oul S8 g il dgiad) e bl o3 led il a3 s, HACNL1J s POPAM

ll am sl e PAMAM ¢ s el ¢ S all ¢ el ¢ apedl) sAzalidal) cilalsl)

1. INTRODUCTION:

A. Balaban (1982) [1], A. Graovac (2010) [2], M. Randi (1975) [3], and N. Trinajsti) (2018)
[4] all contributed significantly to the development of chemical graph theory, an essential area
of mathematical chemistry. Physical properties, chemical reactions, and biological activities
can all be better comprehended with the help of topological indices. From this vantage point,
the topological index plays a crucial part in reducing the complexity of the tested molecule to
a single real number. Moreover, we graphically present our findings. These visual
representations of topological indices highlight the reliance on a specific underlying structure,
Graphs can be used to depict chemical substances, A topological descriptor of a graph is a
number (or combination of numbers) that quantifies some aspect of the graph. The
physicochemical qualities of substances can be investigated with the use of such a descriptor,

called a topological index, if it correlates with a certain molecular feature [5]. Recent years have
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seen extensive research on the analytical and structural features of topological indices in

mathematical chemistry. Topological indices are of theoretical and practical significance
because they have become a useful tool for investigating a wide range of real-world issues in
fields like physics and computer science. In general, graph isomorphism has no effect on
topological indices, which are numerical numbers derived from the molecular graph of a
chemical compound. There is a class of indices called degree-based topological indices that can
be used to highlight and characterize specific aspects of chemical compounds; these indices are
calculated by looking at the degrees of the molecular graph. The M-polynomial also has an
important role here since it may be used to derive closed-form formulas for degree-based
topological indices. The fields of QSPR and QSAR make heavy use of topological indices.
Numerous topological indices have been described so far; these indices are crucial to the
research of QSPR/QSAR, which in turn aids in the prediction of various physiochemical
properties and bioactivity, which is useful in the drug discovery process. It's noteworthy
because of all the ways it can be used, including in nano science, biotechnology, and other
areas. This receives the attention of researcher's world [6,7]. It is helpful to know approximate
expressions when topological indices are not feasible. Mathematical characteristics of
topological indices have been studied by a Researchers as of late [8-12]. The importance of the
research from a theoretical point of view is that we find results for these indexes for infinitely
branched dendrimers, but from a practical point of view, it is to help medical and analytical

researchers in how to use these dendrimers in the field of analysis and pharmacy.
2. The basic concepts:
1

Definition of the graph: A simple graph G is vertex-transitive if, for any two vertices

of G, there is an automorphism of G that maps one to the other [13].

2- Definition distance: the distance between two vertices in a graph is the number of
edges in the shortest path connecting them [14].

3- Definition degree: The degree of a vertex v in a graph G, denoted deg(v) is the number
of proper edges incident on v plus twice the number of self-loops [15].

4- The definition topological index is the numerical result of any graph invariant [16].

5- Definition of dendrimer: dendrimers represent a unique class of branched polymers,
As the generation increases, the external free ends of the previous generation are further
branched to produce an exponentially increasing number of new monomers [17].

6- Let G be a graph the Connectivity index of G [13], signified by X(G) is:

X(G)=YuveeG)= , Where deg(u),deg(v) are degree of vertices .

1
JJdeg(u).deg(v)
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7- Let G be a graph, the Geometric Arithmetic Index of G [18], signified by GA(G) is:

2,/deg(u).deg(v)
deg(u)+deg(v)

GA(G)=YuveE@) = , Where deg(u),deg(v) are degree of vertices .

8- Let G be a graph ,the Atom bond connectivity index of G [19], signified by ABC(G)

deg(u)+deg(v)-2

deg(a)deglr) where deg(u),deg(v) are degree of vertices.

IS : ABC(G)= Zu,v € E(G)\/

9- Let G be a graph the Sum connectivity index of G [13], signified by X(G) is:

X(G) =X uveE@E)= m , Where deg(u),deg(v) are degree of vertices
3. Results:

In this section, we will calculate Connectivity, Geometric Arithmetic, Atom Bond
Connectivity, Sum Connectivity Index for some of the PAMAM, POPAM, and HACN1J
dendrimers. We simply refer to this PAMAM by PD, POMAM by POD2, and HACN 1J by
HD1, as will be seen in the shapes that will be presented, and each shape will have several
stages of growth of its own. Applications may be mentioned. Farahani MR, Kulli V, Akbari M.,
Rehman M, Nazeer W, Saleh EA-K, Hameed Jasim T, Raoof AG, Jassim TH in studying some
indexes for some manifolds in [8-12]. It is known that a graph can be described by a connection
Table (1), a series of numbers, a matrix, a polynomial, or a derived number.

1- we consider type of PAMAM dendrimer, denoted by PD3[3], Figure (1) shows that.

G4+—generation
numbers

focal point

branching termini (chemically addressable group)

points

DENDRIMER DENDRON
Figure 1. PAMAM dendrimers with 3-developmental stages PD3][3].

Remark 1: |v(PD3[n])|=16x2n+2-467
|[E(PD3[n])|= 16x2n+2-468

Table 1: values of (dij) in PD3[n], (i ,j)=(1,3), (3,3) and steps n=(0,1,2,3)

Stage
- 0 1 2 3 n
di,j
di3 3 6 12 24 3x20
dss 0 3 9 21 3x2"-3
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Theorem 1: Let PD3[n] be PAMAM dendrimers with n developmental stages and
n={0,1,2,........ }. Then the Connectivity Index of PDs[n] is given by X(G)=(1\v/3)(3x2"
)+(1\3)(3%2"-3).

Proof: for nano star PD3[n] with contributed (1,3) and (3,3) edge; the formula of Connectivity

Index is reduced to: X(G)=(1\W3)(d13 )+(1\3)(dss) Using simple calculation; one can show
that by remark 1. In each stage, the PAMAM dendrimers PD3[n] edge set can be partitioned
into four subsets. Thus, d13 and d33 are the two distinct classes of edges. Figure (1) depicts
the initial stage graph of PD3[n] (n=0) This is the core of PD3[n]. There are d13 edges and d33
edges totalling 3x2" and 3x2" -3. Table (1) displays the values of dij for the cases when

(1,j)=(1,3),(3,3) and n=0,1,2,3.,there for we obtain X(G)=(1\V3)(3x2")+(1\3)(3x2"-3).

Theorem 2: Let PD3[n] be PAMAM dendrimers with n developmental stages and n={0,1,2,...}.
Then the Geometric Arithmetic Index of PDs[n] is given by GA (G)=(v3\2) [3x2"] +[ (3%2")-
3]

Proof: The formula for the Geometric Arithmetic Index of a nano star PD3[n] with a
contributed (1,3) and (3,3) edge is reduced to GA(G)=(v'3 \2) [d1s] +[ dss] By calculation, can
show that by remark 1. In each step, the edge set of PAMAM dendrimers PD3[n] can be
partitioned into four partitions. Thus, d13 and d33 are the two distinct classes of edges. The
centre of PD3[n] corresponds to the graph of the first stage of PD3[n] (n=0) as depicted in
Figure (1). There is 3x2" and 3x2" -3 edges, respectively, of types d13 and d33. Table (1)
displays the values of dij where (1,j) = (1,3),(3,3) and n = 0,1,2,3; hence, we get
GA(G)=(V3\2) [3x2"] +[ (3x2")-3] "

Theorem 3: Let PD3[n] be PAMAM dendrimers with n developmental stages and n={0,1,2...}.
Then the Atom Bond Connectivity Index of PDs[n] is given by

ABC(G)=,/2\3 (3x2")+(2\3)(3x2"-3).

Proof: for nano star PD3[n] with contributed (1,3) and (3,3) edge; the formula for Atom Bond
Connectivity Index is reduced to ABC(G):\/Z_\?>(d13)+(2\3)(d33) Using elementary
mathematics, it is possible to demonstrate this using remark 1. The PAMAM dendrimers
PD3[n] have four distinct partitions along their edge set. Thus, d13 and d33 are the two distinct
classes of edges. The core stage of PD3[n] (n=0) is represented by the graph shown in Figure
(1). There are d13 edges and d33 edges totalling 3x2" and 3x2" -3. Table (1) displays the values
of dij for the cases when (I,))= (3,3),(3,3) and n=0,1,2,3 there for we get
ABC(G)=,/2\3 (3x2")+(2\3)(3x2"-3).
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Theorem 4: Let PD3[n] be PAMAM dendrimers with n developmental stages and n={0,1,2..}.
Then the Sum Connectivity Index of PD3[n] is X(G)=(1\2)(3%2" )+(1\W6)(3x2"-3).
Proof: for nano star PD3[n] with contributed (1,3) and (3,3) edge; the formula of the Sum

Connectivity Index is reduced to X(G)=(1\2)(d13 )+(1\W6)(d33) Using elementary mathematics,
it is possible to demonstrate this using remark 1. The PAMAM dendrimers PD3[n] have four
distinct partitions along their edge set. Thus, d13 and d33 are the two distinct classes of edges.
The initial stage of PD3[n] (n=0) is represented by the graph shown in Figure (1). There are
d13 edges and d33 edges totalling 3x2" -3and3x2" . Table (1) displays the values of dij for the
cases when (1,j)=(1,3)(3,3) and n=0,1,2,3 there for we get H(G)=1\2(d13)+1\3(ds3).

2-Now, we consider POPAM dendrimers, denoted by POD2[n]. As can be shown in Figure
(2), POPAM dendrimers POD2[n] of generation G, with three developmental stages.

Save "V\,n'./r 1
" A H A,

Figure 2: POPAM dendrimer of generations Gn with 3-developmental stages, POD2[3]

Remark 2: [v(POD2[n])|=16x2"*3-394
|[E( POD2[n])|= 16x2"*3-395

Table 2: values of ( djj) in POD2[n], (i, ) = (1,2),(2,2)and(2,3) and steps n = 1,2,3

Stage
dii 1 2 3 n
1,
di2 4 8 16 2x2"
dz,z 11 27 59 8x2"-5
da3 6 18 42 6x2"-6

Theorem 5: Let POD2[n] be POPAM dendrimers with n developmental stages and
n={0,1,2,.....}. Then the Connectivity index of POD[n] is given by X(G)=(1\V2)(2x2"
)+(1\2)(8x2"-5)+ (1\W6)(6x2"-6).
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Proof: Connectivity index formula for nano star POD2[n] with (1,2), (2,2), (2,3) edge
contributions is X(G)=(1\V2)(d23 )+(1\2) (d22)+ (1\W6)(d12). A quick calculation shows this; see
remark 2. In each stage, the POPAM dendrimers' edge set POD2[n] can be partitioned into three
subsets. So, we have d12, d22, and d23 edges. The core stage of POD2[n] (n=0) is represented
by the graph in Figure (2). The number of edges of types d12, d22, and d23 is 2x2", (8x2")-5
and (6x2")-6. Values of dij are shown in Table (2) for the cases where (1,j ) = (1,2),(2,2),(2,3),
and n = 1,2,3, respectively. then we get X(G)=(1\W2)(2x2")+(1\2)(8%2"-5)+ (1\W6)(6x2"-6).

Theorem 6: Let POD[n] be POPAM dendrimers with n developmental stages and n={0,1,2...}.
Then the Geometric Arithmetic Index of PODz[n] givento  GA (G) = (2V2\3) [2x2"] +(8x2"-
5)+(2v6 \5) [ (6x2")-6].

Proof: for nano star POD[n] with contributed (1,2),(2,2) and (2,3) edge ; the formula of
Geometric Arithmetic Index is reduced to GA(G)=(2V2 \3) [d23] +[d22]+(2V6 \5) [ di2]. A
quick calculation demonstrates this; see remark 2. In each stage, the POPAM dendrimers' edge
set POD2[n] can be partitioned into three subsets. So, we have d12, d22, and d23 edges. The
initial stage of POD2[n] (n=0) is represented by the graph in Figure (2). The number of edges
of types d12, d22, and d23 is 2x2" , (8x2")-5 and (6x2")-6. Values of dij are shown in Table
(2) for the cases where (1,j)=(1,2),(2,2),(2,3), and n=1,2,3, respectively. then we get
GA(G)=(2V2 \3) [2x2"] +(8x2"-5)+(2V6 \5) [ (6x2")-6].

Theorem 7: Let POD2[n] be POPAM dendrimers with n developmental stages and n={0,1,2,..}.
Then the Atom Bond Connectivity Index of POD2[n] is given by A B C(G )=,/1\2 (16x 2" -
11).

Proof: Atom Bond Connectivity Index formula reduced for nano star POD2[n] with contributed
(1,2), (2,2), and (2,3) edge ABC(G):\/l—\Z [dio+d22+d23]. Using simple mathematics; this is
demonstrated by remark 2. The POPAM dendrimers POD2[n] edge set can be partitioned into
three parts at each phase. Therefore, there are three varieties of edges: d12, d22, and d23. The
core of POD2[n] represents the graph of the initial stage, which is POD2[n] (n=0) as shown in
Figure (2). There are2x2" edges of type d12, (8x2")-5 edges of type d22, and (6x2")-6 edges
of type d23. Table (2) displays the values of dij when (1,j) = (1,2),(2,2), and (2,3) and n =1,2,3;
consequently, we obtain ABC(G):\/l_\Z (16x 2" -11).

Theorem 8: Let POD2[n] be POPAM dendrimers with n developmental stages and n={0,1,2...}.
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Then the Sum Connectivity index of POD2[n] is given by X(G)=(1\V3)(2x2")+(1\2)(8x2"-5)+
(1W5)(6x2"-6).

Proof: for nano star POD2[n] with contributed (1,2), (2,2) and (2,3) edge; the formula of Sum
Connectivity index is reduced to X(G)=(1\W3)[d12 ]+(1\2)[d22]+ (1\W5)[d23]. Remark 2
demonstrates this via simple calculation. In each stage, the edge set of POPAM dendrimers

POD2[n] can be partitioned into three partitions. As a result, we have three sorts of edges: d12,
d22, and d23. The core of POD2[n] represents the graph of the first stage, POD2[n] (n=0), as
seen in Figure (2). There is 2x2", (8x2")-5 and (6x2")-6 edges of types d12, d22, and d23,
respectively. Table (2) displays the values of dij where (1,j)=(1,2), (2,2), and (2,3) and n=1,2,3.
there for we get X(G)=(1\V3)(2x2")+(1\2)(8%2"-5)+ (1\W/5)(6x2"-6).

3-Lastly, we consider HACN1J dendrimers, denoted by HD[n]. Figure (3) shows that
HACN1J dendrimers HD1[n] of generation Gn with five growth stages.

N Y
. 2
- 2

Figure 3: HACN1J dendrimer of generations Gn with 5- developmental stages, HD1[5]

Remark 3: |v(HD1[n])|=16x2"*?-386
|E(HD1[n])|= 16x2M2-387

Table 3: The value of dijin HACNZ1J where (i, j)=(1, 3)and(3,3) and steps n=1,2,3,4,5

Stage
5 1 2 3 4 5 n
di,j
dis 4 8 16 32 64 2x2"
dss3 1 5 13 29 61 2x2"-3

Theorem 9: Let HDi[n] be HACN1J dendrimers with n developmental stages and
n={0,1,2....}. Then the Connectivity index of HDi[n] is given by X(G)=(1\W3)(2x2"
)+(1\3)(2x2"-3).
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Proof: for nano star HD[n] with contributed (1,3) and (3,3) edge; the formula of Connectivity
index is reduced to X(G)=(1\W3)(d13 )+(1\3)(ds3). Using easy math; this can be shown in
remark 3. In each step, the edge set of HACNZ1J dendrimers can be split into five parts. So, d13
and d33 are two kinds of edges. Figure (3) shows that the core of HACN1J is the curve of the
first stage, which is HD1[n] (n=1). There are (2x2") and (2x2")-3 edges of type d13 and d33.
Figure (3) shows the values of dij when (l,j)= (1,3) and (3,3) and n = 1,2,3 so we have
X(G)=(1\W3)(2x2")+(1\3)(2x2"-3).

Theorem 10: Let HDi[n] be HACN1J dendrimers with n developmental stages and
n={0,1,2...}. Then the Geometric Arithmetic Index of HD1[n] is given by GA(G)=(V3 \2)
[2x2"] +(2x2"-3).

Proof: fore nanosat HD[n] with contributed (1,3) and (3,3) edge; the formula of the Geometric
Arithmetic Index is reduced to GA(G)=(V3 \2) [d13] +[da3]. Using elementary calculations; this
is demonstrated by remark 3. In each stage, the edge set of HACNZ1J dendrimers can be divided
into five partitions. Therefore, there are two categories of edges: d13 and d33. Figure (3)
depicts the nucleus of HACN1J, which depicts the graph of the first stage, HD1[n] (n=1). There
are (2x2") and (2x2")-3 edges of d13 and d33, respectively Figure (3), shows the values of dij
when (1,j) = (1,3) and (3,3) and n = 1,2,3 then we have GA(G)=(V3 \2) [2x2"] +(2x2"-3).

Theorem 11: Let HDi[n] be HACN1J dendrimers with n developmental stages and
n={0,1,2...}. Then the Atom Bond Connectivity Index of HD1[n] is given by ABC(G)= JZ_V’»
(2x2")+2,/1\9(2x2"-3).

Proof: for nano star HD1[n] with contributed (1,3) and (3,3) edge ; the formula of Sombor index
is reduced to ABC(G)= ,/2\3[d13]+2,/1\9[d3s]. Using mathematical consider and by
remark3. edges of HACNZ1J dendrimers can be partitioned into five subsets at each stage. So,
there are two distinct kinds of edges: d13 and d33. Figure (3) depicts the first stage HD1[n]

(n=1) graph near the core of HACN1J(n=1). There are (2x2" ) and (2x2")-3 edges of type d13
and d33. Table (3) displays the values of dij for the cases where (1,j)=(1,3) and (3,3) and n=1,2

3, respectively. there we have ABC(G)= /2\3 (2x2")+2,/1\9(2x2"-3).

Theorem12: Let HD1[n] be HACNZ1J dendrimers with n developmental stages and n={0,1,2...}.
Then the Sum Connectivity index of HD1[n] is given by X(G)=(1\2)(2x2")+(1\W6)(2x2"-3).

Proof: for nano star HD:[n] with contributed (1,3) and (3,3) edge; the formula of Sum
Connectivity index is reduced to X(G)=(1\2)[di]+(1\W6)[dss]. A quick calculation
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demonstrates this; see remark 3. In each stage, the HACNZ1J dendrimer edge set can be

partitioned into five subsets. Thus, d13 and d33 are the two distinct classes of edges. As can be
seen in Figure (3), the core of HACN1J is represented by the graph of the initial stage, HD1[n]
(n=1). The number of edges of types d13 and d33 is (2x2") and (2x2")-3. When n=1, 2, 3, we
get the values of dij shown in Figure (3) for (1,j))=(1,3) and (3,3), then we have

X(G)=(1\2)(2x2")+(1\W6)(2x2"-3).

4. Conclusions:

In this research, we have looked at the topological index of several different types of
dendrimers, including PAMAM dendrimers, POPAM dendrimers, and HACNZ1J dendrimers.
Topological indexes for various classes of dendrimers are calculated using closed formulas.
Our long-term goal is to learn about and calculate topological indices for different classes of

dendrimers and nanostructures.

5. Recommendations and future studies :

In this paper, | presented finding new index formulas for new dendrimers, as explained as

follows:
1- Finding a new Connectivity index formula special for PD3[n] dendrimer
X(6) = (1\V3)(3 x 2") + (1\3)(3 x 2"-3).
2- Finding a new Connectivity index formula special for POD2[n]dendrimer
X(G) = (1\V2)(2 x 2") + (1\2)(8 X 2"=5) + (1\V6)(6 X 2"—6).
3

Finding a new Connectivity index formula special for HD1J dendrimer
X(6) = (1\V3)(2 x 2") + (1\3)(2 x 2"-3).

4- Finding a new Geometric Arithmetic index formula special for PD3[n] dendrimer
GA(G) = (V3\2) [3x 2" +[(3x2" —3].

5- Finding a new Geometric Arithmetic index formula special for POD2[n]dendrimer
GA(G) = (2V2\3) [2 X 2" + (8 x 2"=5) + (2V6\5) [ (6 x 2") — 6].

6- Finding a new Geometric Arithmetic index formula special for HD1J dendrimer
GA(G) = (V3\2) [2 x 2" + (2 x 2"=3).

7- Finding a new Atom bond connectivity index formula special for PD3[n] dendrimer

ABC(G) = \/2\3 (3 x 2") + (2\3)(3 X 2"-3).

8- Finding a new Atom bond connectivity index formula special for POD2[n]dendrimer
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ABC(G)=4/1\2 (16x 2" -11).

9- Finding a new Atom bond connectivity index formula special for HD1J dendrimer
ABC(G) = /2\3[d13] + 2,/1\9[d33].

10- Finding a new Sum connectivity index formula special for PD3[n] dendrimer
S(G) = (1\2)(3 x 2") + (1\V6)(3 x 2"=3).

11- Finding a new Sum connectivity index formula special for POD2[n]dendrimer

S(G) = (1\V3)(2 X 2") 4+ (1\2)(8 X 2"=5) + (1\V5)(6 x 2"—6).
12- Finding a new Sum connectivity index formula special for HD1J dendrimer

S(G) = (1\2)(2 x 2") + (1\V6)(2 x 2"-3).
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Abstract:

Mastitis is a common phenomenon experienced by a lot of breastfeeding women. Lactational
mastitis, commonly occurs because of prolonged milk duct engorgement, which allows bacteria
to enter through breaks in the skin, resulting in an infection. Mastitis can occur at various stages
of lactation, although it is most observed within the second and third weeks following
childbirth. For isolation and identification of bacteria associated with mastitis, Blood agar
medium, MacConkey agar, and mannitol salt agar were used, whereas Sabouraud Dextrose
Agar (SDA) was used for fungal isolation. Different biochemical test has been performed for
bacterial isolates including gram stain, catalase, coagulase, and Vitec 2 compact. For fungal
isolates, KOH treatment and lactophenol cotton blue test were performed. Fungal DNA was
extracted then PCR was used for the detection ITS Gene of candida spp. Using gel
electrophoresis of PCR product on 2% agarose. The study revealed Staphylococcus aureus,
Klebsiella pneumoniae, and Candida spp. as significant bacteria that are commonly related to
mastitis in women. The prevalence of Staphylococcus aureus was seen to be high, with a notable
manifestation of lesions. Additionally, both Staphylococcus aureus and Klebsiella pneumoniae
were shown to be associated with the presence of redness. Candida albicans had a notable
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prominence, displaying a heightened prevalence in the regions of the nipple. Furthermore, it

demonstrated a correlation with the presence of lesions and redness. The presence of redness
was observed as a notable sign in cases linked with Candida tropicalis. This study provides
insights into the microbial diversity linked to mastitis mainly in breastfeeding women,
highlighting the prevalence of Staphylococcus aureus, Klebsiella pneumoniae, and Candida
spp.

Keywords: Mastitis, Breastfeeding, Staphylococcus aureus, Candida spp.
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1. INTRODUCTION:

Breastfeeding is critical in maintaining the proper development of the brain and in preventing
the simultaneous appearance of malnutrition, infectious illnesses, and mortality [1].
Furthermore, regardless of the country's economic situation, it provides long-term benefits by
lowering the chance of obesity and chronic illnesses during maturity [2]. Breastfeeding, in
addition to providing passive immunity, promotes active communication between the immune
systems of mothers and newborns [3]. Furthermore, women pass on microbial elements to their
offspring via breast milk [4].

When infants under the age of 12 months and young children between the ages of 12 and 36
months receive breast milk from their mothers through the act of breastfeeding, they have the
best chance of survival, growth, and optimal development [5]. This is partly because
breastfeeding is a dynamic intervention activity, and breast milk contains unique living qualities
that contribute to these favorable results [6,7].

Breastfeeding women often encounter a condition known as lactational mastitis, which
manifests as inflammation in the breast tissue.[8] This discomfort arises due to factors like
nipple fissures and milk stasis, which can disrupt the otherwise harmonious experience of
breastfeeding [9]. Due to a decline in their defense ability, bacteria through the milk ducts
retrograde into the mammary gland, leading to infection [10].

In the initial stage, patients commonly exhibit symptoms such as breast redness, swelling,
tenderness, and inadequate milk discharge [11]. As the condition advances, the formation of a
lump becomes more pronounced, accompanied by additional symptoms including fever, chills,
fatigue, headaches, and other manifestations [12]. Most often, S. aureus colonizes the skin and
is one of the most important causes of locational mastitis [13,14]. Methicillin-resistant
Staphylococcus aureus (MRSA) may also become a risk factor for this infection [15,16].

Mastitis is intimately associated with bacterial growth, a state where the mastitis-causing
microbiota increases while the normal mammary microbiota diminishes [13]. Also, Klebsiella
pneumonia has been reported as one of the organisms related to mastitis [16,17]. Fungal
infections affecting the nipple and breast may be experienced by breastfeeding women. It is
caused by Candida albicans, a prevalent fungal organism responsible for various thrush
infections [18,19]. Inflammatory processes and pain may be sparked by the co-existence of
Candida spp. in the lactating nipple and breast, including Staphylococcus aureus (S. aureus),

Candida albicans, and another Candida spp.
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Another possibility is that this syndrome could be caused by multiple organisms. Co-

infection with Staphylococcus aureus, Candida albicans, and other Candida spp. in the lactating
nipple and breast may lead to inflammation and pain [20].

There are many organisms involved in mastitis in breastfeeding women, so this study aimed
to isolate and identification of microorganisms related to mastitis in breastfeeding women,
determine the relation between mastitis symptoms and organisms, and assess between

microorganisms and mastitis source.
2 .Materials and Methods:

2.1 .Study Design and Sampling: It is a cross-sectional study consisting of 100 patients
with skin infections with mastitis who were recruited from AL-Ramadi Teaching Hospital in
Anbar Governorate, Irag. From the mother and her child, the sample was collected between
November 2022 and March 2023. Samples were obtained from a mother with mastitis and her
baby. The step in collecting samples is to use sterile cotton swabs, where a swab is taken from
the mother from the site of lesion or redness located on the nipple and breast, and a swab is also
taken from the mother's milk and her baby's mouth.

2.2 .Identification of Bacterial Isolates: The blood Agar media used for isolation. 4.25-
gram agar was dissolved in 100 ml dis.H20 and sterilized in an autoclave for 15 minutes at
121, cooled to 45 C then 10% V/V sterile defibrinated blood was added aseptically, plates were
inoculated and incubated at 37 C for 48 hr [21].

Mannitol salt agar medium also was used to test the ability of the organisms to ferment
mannitol, 11.1 gram of the media was dissolved in 100 ml dis H20 and sterilized in an autoclave
for 15 minutes at 121 C. Cooled, poured in Petri dishes, and plated were inoculated then
incubated for 48h at 37C [22].

Subculture on MacConkey agar was performed by dissolving 5.5 grams of medium in 100
ml dis. H20 was sterilized in an autoclave at 121C for 15 minutes poured onto plates, inoculum
was spread on the surface of the plates, and incubated for 48h at 37 C. Gram stain test was
carried out to characterize the isolates [23].

A 3% solution of hydrogen peroxide (H202) was created by diluting a stock solution (15%)
in a dark bottle, then a few drops were added to culture on the slide and on blood agar to do
catalase test [24] coagulase test was performed in a glass tube containing a few milliliters of
citrated plasma, few drops of bacterial suspension were added, then the tube was incubated for
24 hours in the oven [25] and Vitek 2 were done by using (Gram-positive Vitek-2, Gram-

negative Vitek-2) kits acquired from BioMerieux, France.
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2.3 .Identification of fungal isolates: Sabouraud Dextrose Agar (SDA) (Oxide, United

Kingdom) was prepared and inoculated by swabs and then incubated for 24 hr at 37C. For the
KOH test, 10 grams of potassium hydroxide were dissolved in 80 mL dis.H20O. Drops of KOH
solution were added to the specimen, a coverslip was placed over the specimen after 10 minutes
[26]. Lactophenol cotton blue [27] and Germ tube tests were performed for fungal isolates
[28].

2.4 .Molecular study of fungal isolates: Fungal DNA was extracted by using the
Fungi/Yeast Genomic DNA Isolation Kit Provided by Norgen Biotech, PCR was used for the
detection ITS Gene of candida spp. The primers were designed based on the National Centre
for Biotechnology Information (NCBI) and provided by the BioOneer Company Table (1) .
To detect the ITS gene of Candida spp., PCR protocol was employed in Table (2).

Table 1: Sequence of PCR primer [29]

Sequence of forward and reverse
F/TCCGTAGGTGAACCTGCGG
R/TCCTCCGCTTATTGATATGC

After PCR amplification, gel electrophoresis of PCR product was done on 2% agarose.
The investigation encompassed a statistical analysis of the data concerning the types of
microorganisms found in each sample, together with the observed variances in symptoms linked
with them. The analysis was properly carried out using SPSS Version 25.0 software. The data
underwent extensive preprocessing and validation procedures to guarantee its quality and
dependability.
Table 2: PCR amplification protocol [30]

Step Temperature Time Cycle
Initial denaturation 94 5min 1
Denaturation 94 45S
Annealing 52 1 min 35
Extension 72 1 min
Extension 72 7min 1
Hold Temperature 4 4min

3. Results and discussion:

3.1 Bacterial isolation and biochemical identification: For isolation of Staphylococcus
aureus, the differential media blood agar was used, and the colonies appeared on the plate after
24 h (Figure 1. A). Gram stain test revealed that it is gram-positive bacteria which is a main
character of Staphylococcus aureus. Also, it produced blurred edges and completely clear zones
which indicates that beta-hemolysis took place. Figure 1. B
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A)  Growth of Staphylococcus aureus. B) Beta-hemolysis of Staphylococcus

aureus on blood agar

Figure 1: Staphylococcus aureus on blood agar medium.

Small yellow colonies appeared on mannitol salt agar due to mannitol fermentation by
producing an acid that causes the red color of phenol to turn yellow and this is a character of

Staphylococcus aureus. Figure (2).

Figure 2: positive mannitol fermenter Staphylococcus aureus.

Staphylococcus aureus is characterized by being catalase positive as it transforms hydrogen
peroxide (H202) to water and oxygen this test was done on both blood agar and on the slide.
Figure (3).

A. Onblood agar B. On slide

Figure 3: Catalase test positive of staphylococcus aureus

Staphylococcus aureus cells clumped together within 10 seconds in comparison to the control
because of staphylococcus aureus being coagulase positive. Figure (4).
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Vitek 2 was done and with all results biochemical tests showed that the isolate was

Staphylococcus aureus.

Figure 4 Coagulase test positive for staphylococcus aureus

The identification of Klebsiella pneumoniae using MacConkey agar is based on the ability
of this organism to ferment lactose as Klebsiella pneumoniae is a lactose-fermenting bacterium
so pink mucoid colonies are present on the MacConkey agar plate. Figure (5). Gram stain test
of the isolate showed that it is a gram-negative bacterium, which is consistent with Klebsiella
pneumoniae. The Vitek 2 compact system confirmed the identification of the isolate as

Klebsiella pneumoniae.

Figure 5: Klebsiella pneumonia growing on MacConkey agar medium

3.2 .Biochemical identification of fungi: Candida spp. grew on SDA medium which is

differential media for pathogenic fungi including different species of Candida. Figure (6).

Figure 6: Macroscopic examination for candida spp. on SDA
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Upon microscopic examination of isolates treated with potassium hydroxide (KOH), the

result may exhibit a combination of hyphae, pseudohyphae, and budding yeast cells Figure (7).

Figure 7: Direc g 109 KOH for

diagnosIis ot candida spp
Morphology of Candida spp. become obvious after LPCB staining. LPCB staining is a
useful method for the visualization and identification of fungal structures and spores, including
those of Candida spp Figure (8).

Figure 8 Microscopic examination of fungal spores and other fungal structures
with lactophenol cotton blue (candida)

Germ tubes appeared after 3, 6, and 9 hours indicating that the Candida spp. isolates are

likely Candida albicans Figure (9).

Figure 9: Germ tube test for candida identification, it tested after 3 h,

tested again after 6 h and after 9 h.
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3.3 .Molecular study of fungi: Gel electrophoresis has been performed on genomic DNA

extracted from Candida spp and the presence of DNA bands on the gel indicates the presence

of genomic DNA in the sample Figure (10).

M123456789101112131415

Figure 10 Gel electrophoresis of genomic DNA extraction, 1% agarose gel.

PCR was used for the detection of the ITS Gene of candida spp. After PCR amplification,
gel electrophoresis of PCR product was done on 2% agarose. The target gene was found, and

its band size is 550 bp Figure (1

11101 6 8L 9SbvE T

Figure 11 Gel electrophoresis showing PCR product with a band
size of 550 bp. N: DNA ladder (1000 plus)

3.4 .The association between the type of organism and the mastitis occurrence and
symptoms in women: Percentage of various organisms (Staphylococcus aureus, Klebsiella
pneumonia, and Candida albicans) found in various sources (nipples, breast, and kid oral cavity)
among women with mastitis. The presence of Candida albicans in different sources with a

higher percentage than Staphylococcus aureus & Klebsiella pneumonia Table (4).

Table 4: Type of microorganisms and mastitis occurrence

Staphylococcus | Klebsiella Candida 2 P value
aureus pneumonia albicans
Nipples 38 % 20 % 90%
breast 50% 20% 73% 3.324 | 0.1897
Nipples 38 % 20 % 90%
Child oral cavity 37% 20% 90% 0009 | 0.995
0 20% 0
. Breast _ 50% 73% 3661 016
Child Oral Cavity 37% 20% 90%
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Different microorganisms are linked to distinct mastitis symptoms. Staphylococcus aureus

and Candida albicans appear to be linked to the symptom of lesions, whereas Staphylococcus
aureus, Klebsiella pneumonia, and Candida albicans appear to be linked to redness. Cases
involving Candida albicans alone, on the other hand, have a higher prevalence of the
combination of redness and lesions. Finally, Candida tropicalis is associated with redness as a
symptom Table (5).

Table 5: Type of microorganisms and symptoms of mastitis correlation

Symptoms
Rednes Lesi Redness&
esions .
S Lesions

Staphylococcus aureus & Candida 8% 30% 0%

albicans
Staphylococcus aureus & &

Klebsiella pneumonia & Candida 32% 0% 0%
albicans

Candida albicans 0% 0% 20%

Candida tropical 10% 0% 0%

4. Discussion:

The bacterial isolate was Staphylococcus aureus as resulted from the biochemical tests
performed which included growth on blood agar and making beta-hemolysis, and mannitol
fermentation as these are characteristics of Staphylococcus aureus as reported [31]. Also gram-
positive, catalase-positive [32], and the positive result of the coagulase test [31] support that it
is Staphylococcus aureus. Vitek 2 results align with other biochemical tests and the
demonstrated characteristics of Staphylococcus aureus [33].

For Klebsiella pneumoniae, the identification tests conducted are going with characters of
it which had mentioned in previous studies. Vitek2 [33], lactose fermentation on MacConkey
agar [34], being gram-negative [35]. According to the Clinical and Laboratory Standards
Institute (CLSI), gram stain testing is a rapid and reliable method for the preliminary
identification of bacterial isolates [36].

In the context of fungi, Candida spp. characters found in previous studies are the same results
obtained from the biochemical tests. Growing on Sabouraud Dextrose Agar (SDA) which
contains antibiotics such as chloramphenicol and cycloheximide that inhibit the growth of
bacteria and other fungi, thereby allowing for the selective growth of Candida spp. [37]. The
presence of a combination of hyphae, pseudohyphae, and budding yeast cells after KOH
treatment [38] and Morphology of Candida spp. after LPCB staining [39, 40] are recognized as
characteristic attributes frequently linked to Candida spp. Germ tube is also used for the
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Identification of a Candida as albicans or non-albicans species depending on the presence or

absence of germ tubes [41]. A molecular study was also done to detect the ITS gene of Candida
using PCR and a single band of 550 bp was found [42]. The ITS region (Internal Transcribed
Spacer) is a highly conserved region found in the rDNA gene of fungi, including Candida spp.
This region has been widely used as a target for molecular identification of fungal species using
PCR-based techniques, including PCR amplification and agarose gel electrophoresis [43].

Many studies have studied the relation between type of microorganisms and mastitis. One
study reported that Staphylococcus aureus, Streptococcus agalactiae, and Mycoplasma spp. are
the most common pathogens that cause mastitis [44]. A study in 2022 demonstrated that
Staphylococcus aureus and Klebsiella pneumonia were found at lower proportions in mastitis
cases. Staphylococcus aureus is a common pathogen in cases of mastitis, but it may not be as
common as Candida albicans [45]. In a case-control study, women with mastitis were more
likely than women in the control group to have Staphylococcus aureus in their breast milk [46].
According to research performed in Germany, the pathogens most found in mastitis instances
can differ. Coliform infections like E. coli were discovered to be the most common pathogens
in severe episodes of mastitis [47].

A lot of studies investigated the relation between the mastitis symptoms' and
microorganism's type. Staphylococcus aureus and Candida albicans: an investigation reported
that these germs are linked to lesions. Women with Staphylococcus aureus plus Candida
albicans in their breast milk may have more lesions than those with Candida albicans [46]. Both
bacteria have been linked to the symptoms of breast tissue lesions. These bacteria and their link
to the development of breast lesions emphasize the necessity of appropriate cleanliness and
efficient preventive measures during breastfeeding [48].

Staphylococcus aureus, Klebsiella pneumonia, and Candida albicans: This combination of
bacteria is linked to redness as a mastitis symptom according to a study performed in China
[49]. Redness is associated with Staphylococcus aureus, Klebsiella pneumoniae, and Candida
albicans [50].

Candida albicans: Cases involving Candida albicans alone had a higher frequency of
redness and lesions due to an investigation [51,52]. When Candida albicans causes an infection
without the presence of other microbes, it may generate a more prominent inflammatory
response, including redness [50].

Candida tropicalis: This bacterium has been related to redness as a mastitis symptom as
mentioned [53]. When Candida tropicalis infects breast tissue, it can cause mastitis or breast

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

72



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Almusawi AM. / Al-Kitab Journal for Pure Sciences (2023); 7(2):62-77.
e —

inflammation. The affected area may exhibit redness, swelling, and discomfort as part of the

inflammatory response [54].
5 .Conclusion:

This study utilized a range of microbiological and molecular methodologies to identify the
microorganisms accountable for mastitis in women. The investigation also analyzed the
correlation between bacteria and the incidence and manifestations of mastitis. Candida albicans
had a significant prevalence, namely in the nipple. The findings of the research demonstrated
that various microorganisms exhibit unique symptom profiles.
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Abstract:

OMON

(Zn0O) Zinc oxide is considered a semiconducting material from the family of transparent

conductive oxide materials. Our study aims to study the electronic properties of pure Nano-

sized hexagonal zinc oxide using the DFT method using the (GGA-PBE) approximation and

the (HSEO3) approximation, as we demonstrated through our study on the unit cell In the large

cell (3x3x3) and the small cell (1x1x1), zinc oxide has a direct energy gap in the (GGA-PBE)

approximation, and its value is (e V) 1.74) and in the (HSE03) approximation, the value of the

energy gap is (e V2.79). The difference in the two approximations is very clear, and it is

evidence that when using the (GGA-PBE) approximation for the DFT method, it reduces the

value of the energy gap for zinc oxide, and when using the (HSE03) approximation, the energy

gap increases because it is more mathematically accurate, even though it takes more time to

calculate.

Keywords: h-znO, density function theory (DFT), approximation (GGA-PBE), CASTEP
program, electronic properties of pure hexagonal Zinc Oxide, hybrid approximation (HSEO03).
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1. INTRODUCTION:

Since graphene appeared in the headlines and was rediscovered in 2004-2005, there has been
and continues to be an increase in interest in isolating and using other new two-dimensional
materials. Two-dimensional materials such as hexagonal zinc oxide (h-ZnO) and graphene
possess a set of properties that are used in a large number of scientific disciplines and on a wide
industrial scale for manufacturing across many fields in the search for significantly improved
device performance, starting with sensing [1]. Through energy storage and generation and
carbon-based molecular electronics [2] [3]semiconductors with hexagonal transition elements
[4-12] (11-V1) in the periodic table crystallize in a hexagonal close-packed (HC) system and can
Zinc oxide (ZnO) exists in nature in the form of a powder or solid crystal [13] and depending
on the conditions of preparation. It features a wide direct n-type bandgap at 300K°. The benefit
of the large bandgap is to withstand large electric fields with the added benefit of low electrical
noise. The strong correlation energy (60mev) is also distinguished by the fact that it can be used
to make an energy-based laser [6 ,14] with wonderful physical properties, which makes it one
of the most widely used materials in various fields such as photoelectrons and photovoltaic
cells. Researchers have been interested in Zinc oxide is currently used for its uses in various

electronic [15], industrial, military, medical, chemical, physical, biomedical, and other fields.
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Hexagonal zinc oxide is characterized by high electron mobility, a non-toxic nature, and

excellent photocatalytic activity by ultraviolet radiation. (Zn-O) leads to the fact that (sp?)
hybridization in the two-dimensional graphene-like honeycomb structure is stronger than (sp®)
hybridization in bulk zinc oxide crystals. In addition, hexagonal zinc oxide is highly resistant
to strong radiation and shows remarkable photoluminescence [16 ,17].

2. Method for calculating electronic properties:

The electronic properties of pure hexagonal zinc oxide were studied using First Principle
Calculations [18] wusing Density Functional Theory (DFT), Generalized Gradient
Approximation (GGA), and using the Perdew — Burke approximation. Ernzerhof (PBE) for the
possibility of exchange correlation energy and also used the hybrid HSEO3 approximation [19,
20] hybrid functional based on a screened Coulomb potential to be more mathematically
accurate for the energy gap in the program [21] (CASTAP) and it was used to describe the
electronic valence structure of Zinc Oxide Pure hexagon( Zn — 3d°4S2? ,0 — 25% 2P*).
3. Results and Calculations:

3.1. Bond length of pure nanoparticle hexagonal zinc oxide:

The calculations were carried out on the small unit cell (1x1x1), the large unit cell (3x3x3),
(3x3x1), and the large unit cell (4x4x1), and it gives the same results whether the large cell is
taken or not. The small cell was taken (1x1x1). Zinc oxide consists of 8 atoms of oxygen and
30 atoms of zinc, which are the lattice parameters (a, b, ¢). (a=b=3.525 A°) in the plane (X, Y).
As for the value of (c), which represents the distance between each two layers, it was chosen
(c=5.025 A°) (in the direction of the Z axis).) This large distance was chosen for calculation
purposes as it is possible in this case, the interaction between the layers is neglected, so that the
calculated properties of zinc oxide with one layer (layer) only and not the bulk (bulk), the length
of the bond according to practical measurements, the original length of the bond is (1.501 A°)
and after the Geometry Optimization procedure it became (1.976 A°) as shown in Figure (1-a).
The primitive cell unit consists of the original lattice constants (a=b=2.600, c=30.00 A°). The
first Berlion region is set at point k. (11x11x2) as for the angle between the atoms bonded to
each other for zinc and oxygen (Zn-O-Zn)« it is equal to (120°) as shown in Figure (1-b). Also,
the lattice parameters (a, b, c¢). (a=b= 3.525 A°) in the plane, only one, as in this case the

interaction between the classes can be neglected.
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Figure 1: Hexagonal Pure Zinc Oxide cell after Conditioning and the Value
of the angle between (Zn-O-Zn).

3.2. Electronic properties of hexagonal zinc oxide sheets:

3.2.1. Calculate energy packets using the (GGA-PBE) approximation:

The band gap is defined as the energy required to excite (transfer) electrons from the top of
the valence band to the conduction band. It is called forbidden because it is a place free of
electronic states and in which electrons do not settle in pure semiconductors. The energy gap
allows one to distinguish between insulators. Semiconductors, metals, and conductors. The
value of the energy gap for pure hexagonal zinc oxide is calculated through the values of the
difference between the two closest points in the conduction band and the valence band, and
determining whether the gap is direct or indirect .1 calculated the electronic properties of zinc
oxide, including the band structures, and determined the samples of the first Berlion region at
the k point (11x11x2) of the lattice using (GGA-PBE) calculations for a pure hexagonal zinc
oxide sheet. From the results, we notice an energy gap of 1.742 eV directly at Point (K) as
shown in Figure (2). It is known that the (GGA-PBE) approximation using DFT theory
generally underestimates the band gap in pure hexagonal zinc oxide, and the reduction of the
energy gap occurs in the (GGA) approximation in ZnO, so we used (HSE03) approximates the
hybrid, which will be explained later in detail.

Band gap is 1.742 eV

Energy (eV)
|

| D AR e - L. . .H
Figure (2) Structures of the electronic states (band gap) of pure hexagonal zinc oxide sheet
using the (GGA-PBE) approximation.
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3.2.2. Calculate energy packages using approximation (HSE03)

The hybrid (HSEO03) approximation can describe the electron self-interaction better than the
(GGA-PBE) approximation« and the calculation results are closer to the experimental values,
although it is time and computationally expensive. Figure (3) shows the beam structures using
the (HSEOQ3) approximation. The points were taken at the K point (4x4x1) using the (HSEO3)
approximation for a pure hexagonal zinc oxide plate on the small cell (1x1x1) because it gives
the same results as the large cell calculations. To calculate the band gap« we take the difference
between the two closest points in the conduction and valence bands. We notice when
performing the calculations that the energy gap is (2.794 eV) at point (K)¢< which is a direct
energy gap¢ meaning that the energy gap has changed and become wider than it was when it
was calculated. In the (GGA-PBE) approximation (GGA-PBE) and an approximation to the
results of experimental calculations [22, 23], these types of the broad bandgap of (2D ZnO)
have the potential to be implemented in nanoscale UV-optoelectronics via nonstructural
engineering. The direct and indirect band gap can be compared. If the band gap is direct, the
electron releases its energy in the form of a photon. If the band gap is indirect, it releases its
energy in the form of a phonon. The transfer of electrons between the conduction and valence
bands is useful in several applications, the most important of which are solar cell, lasers, masers,
and light diodes. Table (1) shows a comparison between the current study and previous studies

of 2D hexagonal ZnO for the lattice, energy gap, approximation, and device used.

Band gap is =2.79%4

—a—— Band gap

Energy

15 4

Figure (3) shows the structures of the electronic states (band gap) of a pure hexagonal
zinc oxide sheet using the (HSE03) approximation.
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Table (1) shows a comparison between the current study and previous studies of two-dimensional
hexagonal zinc oxide for the lattice, energy gap, approximation, and device used.

. Bandgap XC
Material Structure . Program Ref
(eV) functional
448 4.20
Hexagonal HSEO3 DFT [22 ,23]
eV eV
2D-Zn O PW91
Hexagonal 175eV CASTAP [24]
sRef. 26d
Hexagonal 1.68eV GGA DFT [25]
in this
Hexagonal 1.742 eV GGA-PBE | CASTAP
study
in this
Hexagonal 2.794 eV HSEOQ3 CASTAP
study

4. Total density of states (TDOS)
4.1. Total density of states using the GGA-PBE approximation

Density of states in materials physics. The condensed state describes the proportion of states
that the system must occupy at each energy. The total density of states is obtained by summing
the peaks of all the bands. I calculated the density of states. | took the density of states at the
point k (1 x 1 x 1) using (GGA- PBE) Figure (4) represents the energy changes in terms of
energy, where we notice the density of states in the extended field (0-18.6 (eV)) representing
the conduction band, and this means that there is a critical temperature at which the density of
states is high and a noticeable change appears at (3.5 e\eV). This was done. A high density of
states was also recorded in the extended field.

((-16.6) - 0 (eV)) which represents the valence band region and the presence of the first peak
in the extended field ((-16.8)-(-15.3 e\ eV)) which is estimated at (3.4 e \eV) after which the
density of states disappears. The second peak in the extended field ((-6.87)-(-4.63eV)), which
is estimated at ((11.6(e\eV)) and then disappears, the density of states is high for zinc for the
2p orbital) in the beam The valence band is rich in electrons with the ability to move, and at
this energy, the ability to move the electrons is for the conduction band. It can be noted that the
valence band near the Fermi level is dominated by O-2p with a small contribution from the Zn-
3d states, and the conduction band mainly contributed to the states (O-2p, Zn-4s). The third
peak in the valence band is in the extended field ((-3.94)-0.06(e\ eV)) the density is estimated
at (2.87 e\ eV) in the valence band region. The density of electronic states is symmetric for both
spin and spin. The symmetrical electron density causes the magnetic moment of this material

to be zero, which indicates that zinc oxide is a non-magnetic semiconductor material.
P,
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Figure (4) shows the electronic state structures (total density) of pure hexagonal zinc oxide

sheets using the (GGA-PBE) approximation.

4.2. Total density of states using the approximation (HSEO03)

To know the extent of the effect of the hybrid (HSEQ03) approximation on the overall density
of states of the GGA-PBE approximation, we note that the energy field extending from (0- 21
(e V)) In Figure (5) is called the conduction band. We notice a noticeable change from (0.5-18
(e V)) where the density of states varies because of the high temperatures in these areas of
energy. The highest density of states is recorded in the conduction region at energy (10.1 eV)
and reaches (5.1). The valence band is the energy field extending from (0-(-20) e V). We notice
a first peak extending from ((-20.1)-(-22.8) (e V)) after which there is no density. The states are
a result of the possibility of the electrons not being transferred. We notice in the energy range
from ((-17.1)-0.67(e V)) the occurrence of different density states in the energy values and
peaks, which means that they are rich in electrons that can move freely between energy levels.
We note that the regions near The Fermi level are where the density of states for the conduction
and valence bands decreases due to the lack of electrons in them. It becomes clear to us from
the density of states in the regions of the conduction band and the valence band that the regions
in which electrons are present, i.e., rich in electrons, have peaks of state density in which there
are no electrons, i.e., poor in electrons. We notice that there is not a significant difference in the
overall density of states for both the (GGA) approximations and the hybrid (HSEQ3)

approximation.
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Figure (5) shows a pure hexagonal zinc oxide sheet's electronic state structures (total
density) using the HSEO3 approximation.

5. Conclusions

The purpose of the research is to study the electronic properties of pure Nano-hexagonal zinc
oxide using the DFT method. We found that when calculating the electronic structures
(densities of total and partial states) using the generalized gradient approximation (GGA),
where the density of states in the extended field (0-18.6 (eV)) this region represents the
conduction band This means that there is a high temperature, meaning there are many
conductive electrons, the density of states is high, and a noticeable change appears at (3.5 e\eV).
This is due to the lack of transfer of electrons that cannot break the Coulomb potential barrier.
We found that if we modify and prepare the geometry of the zinc oxide network, the length of
the bond increases from the original length (1.501 A ° - 1.97 A °) and that the resulting increase
does not affect the structure of the network. When calculating the beam structures using the
generalized gradient approximation (GGA-PBE), we found that it is equal to (1.74e V), and it
turns out that the energy beams fall on the same values of (K) at the first Brillion point, meaning
that the energy gap is direct band gap. When calculating the beam structures, we found that the
energy gap using the hybrid (HSEO3) approximation, which is equal to (2.79 e V) at point (K),
is that the energy gap is direct. We found out through our theoretical calculations in the
CASTAP program and using DFT theory that the energy gap lies at the same values as (K),
which is a direct band gap using the two approximations, the (GGA-PBE) approximation and
the (HSEO3) hybrid approximation. Now the hybrid approximation does not reduce the value
of the band. The range of pure hexagonal zinc oxide nanoparticles, in contrast to the (GGA-
PBE) approximation, shows us that hexagonal zinc oxide has a wide bandgap. It is a

semiconductor material and is used in electronics applications and energy electron emitters.
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Abstract:

Phenolic compounds are vital plant allelochemical groups in the ecology, multiple parts of
plants contain a variety of phenolic compounds these natural compounds help plants defend
themselves against predatory plants. Plants' acetic acid and shikimic metabolic pathways
produce phenolic chemicals. Additionally, these compounds exhibit a wide variety of structural
forms. In many commercial processes, phenolic compounds are utilized to create chemicals
including insecticides, explosives, medicines, and colors. Phenolic chemicals are widely used
as herbicides for crop protection in an allelopathic approach., insecticides, and fungicides. They
are also employed in the bleaching stage of paper production. The major goal of this evaluation
is to draw attention to the ability of phenolic chemicals to allelopathic, which can offer us
solutions to a variety of ecological issues, particularly those related to the conservation of the
environmentally friendly development of forests, farms, with other alternatives to current
synthetic pesticides include bioactive plant secondary metabolites by releasing phytotoxic

substances from plant cells.

Keywords: phenolic compound, secondary compounds, allelopathy.
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1. INTRODUCTION:

Allelopathic interactions are caused in different crops or plants via phenolics. It is
necessarily important to identify the phenolic compounds and confirm their presence and
persistence in the environment throughout time in amounts sufficient to damage plant species,
to show the function of phenolic in allelopathy. Any allelopathic substance needs to have its
major mode of action determined. Only when a thorough biotic and abiotic variable that
influences phenolic toxicity is known can the allelopathic effects of phenolic be acknowledged
[1]. Due to the long-term cultivation of the same plant species on the same site, phenolic
compounds are one of the main categories of phytotoxic chemicals that induce soil sickness.
Decomposed plant residues are their source. A young apple orchard with replant disease was
found abundant in phenolic compounds [2]. The main cause of replanting issues in managed

tree ecosystems is autotoxicity.

Plant phenolic may be a significant factor in allelopathy, according to the [3] Ageratum

conyzoides contain p-coumaric, gallic, ferulic, and p-hydroxybenzoic all reported to exhibit
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phytotoxic properties [4]. The natural evergreen broad-leaf trees did not exhibit any effects

from the high soil phenolic levels when compared to leaves, bulbs' aqueous extract and volatile
chemicals were far stronger inhibitors of germination and seedling development,
seedlings of tested plants ' ability to germinate and thrive was hindered by the soil under the
Allium ursinum that contained phenolic. both unbound as well as free forms of p-coumaric,
ferulic, p-hydroxybenzoic, and vanillic acids found within allelopathic materials
in solutions of leaves and buds. Furthermore, Lantana camara contains phenolic compounds
with substantial allelopathic activity, including nopinene, eucalyptol, D-limonene, and
triterpenoids called Lantadenes A and B [5]. These findings imply that A. ursinum affects the
growth and germination of seeds in other herbaceous plants in the plant community by releasing
volatile chemicals into the soil. Twenty-five substances were extracted and identified from the
root exudates of rice, phenolic acids with the allelopathic potential of caffeic, p-coumaric,
syringic, ferulic, and sinapic are some of the substances already present in oilseed radish [6, 7].

B Benzoxazinoids

& Monoterpenes

W Sesquiterpenes
Diterpenes

W Triterpenes and Steroids

® Quinones

B Coumarins

B Alkaloids

B Flavonoids

B Simple Phenolics

Fig. 1: Total publications in allele chemicals since 2007 [ 8]

e Chemical composition

Phenolics are composed of an aromatic hydrocarbon group and a straight hydroxyl group (-
OH) relates to a benzene ring to form phenolic substances a class of chemicals that are essential
and naturally occurring allelochemicals of plants within the environment [9]. The pentose-
phosphate route is often where phenolic chemicals are produced. In the acetic acid and shikimic
process of metabolism, condensation reactions between 4-phosphate erythrose and
phosphoenolpyruvic acid, and 7-phosphate altoheptulose result in the production of phenolic
chemicals [10].
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Figure. 2: Major allelopathic compounds’ biosynthetic routes.

¢ Phenolic effect on agriculture

Allelochemicals such as vanillin and p-hydroxybenzoic, p-coumaric, ferulic, and caffeic in
Bidens pilosa, covered by bioassays. Several substances in cover plant biomass, those of a
phenolic character and produced through the malonic and shikimic acid pathways for plants,
have allelopathic effects by decomposing residues that have been deposited on the soil surface,
Secondary compounds are released due to plants towards the atmosphere. The method differs
depending on the type of plant, kind of soil., and phenological stage [11, 12]. For instance,
during the breakdown of its phytomass, rye releases a few substances with an allelopathic effect
[13], plants primarily create phenolic compounds for the goals of growth, development, and
defense. These aromatic benzene ring molecules play an important role in the interactions
between the biotic and abiotic stressors on the plant. They are an essential part of a plant's

secondary metabolites and necessary for a variety of physiologic and mechanical functions.

Phenols as growth promoters
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Fig. 3: phenols as defense compounds
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Extracts of Peganum harmala leaf included Gallic acid, vanillic acid, 4-hydroxybenzoic

acid, 3,4-dihydroxybenzoic acid, caffeic acid, syringic acid, and ferulic acid. In comparison to

stem or root extracts, leaf extracts had a higher total phenolic acid concentration [14].

Buckwheat's ability to control weed growth is attributed to a few phenolic acids and
flavonoids [15]. Additionally, tomato and maize tissues had more phenolic compounds than
buckwheat extracts [16], showing analyze the primary phenolic substances with the potential
to cause harm can be found in rye and oilseed radish shoots., The detrimental effects of such
plants on weeds should be exploited for increasing crop production. Crop plants and natural
vegetation containing phenols with detrimental effects should be screened for their capacity to
suppress weeds. When describing the same species in the same experimental location [16],
Furthermore, it was discovered that higher levels of cinnamic acid in rye are related to
lignification, the procedure that comes after plant leaching, volatilization, and dry matter

degradation by soil microbes.

[17] In the phonological stage of plants, there may be interactions between bacteria,
substances with an allelopathic potential, the nature of the soil, food for plants, pH, climate, and
other factors. an impact on the phytotoxicity of those substances. It was also noted that the
complete amount of phenols in a liquid extract of oilseed radish remains from
a plant's stems and leaves was higher [18], The main allelochemicals found in T. procumbens
were phenolic compounds, which is similar to a recent study by [19] Vanillin was shown to be
the main allelochemical in the current study's detection of phenolic acids in Tridax procumbens,
with benzoic, ferulic, and ellagic. Vanillin, a phytotoxic substance, was also discovered in

numerous other plants, including Oryza sativa [20].
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Fig. 4: High performance liquid chromatography used to identify phenolic acids in T. procumbens [20]
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Cinnamic and benzoic acids, flavonoids, and terpenes are among the most allelochemicals

and are phytotoxic. Allelochemicals harm the development of companion and succeeding crops

in a few agroecosystems [21].
2. Physiological and Ecological Mechanisms:

Phenolic allelochemicals have been found both in naturally occurring and controlled
environments, where have been shown to create a variety of ecological including losses in crop
productivity due to soil disease, failures in natural forest regeneration, and difficulties with the
orchard replanting. The biosynthesis and buildup of phenolic compounds are the results of well-
controlled processes. The routes for phenolic compounds have evolved throughout time in
several plant families. especially when these chemicals take on specific favorable activities
[22].

2.1. Impacts on the Membrane Permeability and Regulations on Plant Nutrient Uptake

Plant tissue either slowly grows or dies due to the phenolic allelochemicals effect on cell
membrane permeability, prevented from taking nutrients from their environment and have an
impact on their regular growth [23], demonstrated a correlation between increases in membrane
permeability and decreases in phenyl-B-glucosyltransferase (PGT) activity and phenol
glycosylation via Benzoic acid and cinnamic acid in cucumber (Cucumis sativus).
2.2. Impacts on the Photosynthesis and Respiration of Plants

The main effects on photosynthesis have been a decrease in the amount of chlorophyll and
photosynthesis. Cucumber seedlings were raised in benzoic and cinnamic acid derivative-
containing solutions in the study [24], demonstrating that intercellular CO2 concentration
stomatal conductance and leaf transpiration were all reduced. In seedlings, chlorogenic acid
increased stomatal while ferulic acid decreased photosynthetic rate and stomatal, low, and
intermediate chlorogenic acid concentrations reduced transpiration rate [25].
2.3. Impacts on the length, division, and structure of the cell

The ability of phenolic allelochemicals to impact the development and growth of plants by
preventing the division of cells, elongation of the roots, and cell ultra-structure [26], discovered
that coumarin decreased cellular activity and the quantity of Golgi bodies, increased cortex cell
thickness, and slowed roots expansion of lettuce (Lactuca sativa L.) seedlings, Benzoic acid
decreased the elongation of Eutrema wasabi roots after a 7-day treatment. Organelle structures
were significantly harmed, and the root cells were organized erratically. Vanillic, caffeic,
ferulic, coumaric, and chlorogenic acids are bioactive substances found in medicinal plants that

have inhibitory activity [27], The reaction of seedlings of Rhododendron delavayi demonstrated
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that biomass accumulation was restricted by three types of phenols—feru. acid, chlorogenic

acid, and protocatechuic acid a rise in total Chl, Chl a, and Chl b, and carotenoid concentrations
were stimulated. Stomatal opening, the ratio of stomatal openings, stomatal length, and stomatal
width were all considerably suppressed by low doses of feru. acid.
2.4. Impact on the Function and Activities of Different Enzymes

Thanks to the cell membrane of a plant, phenolic allelochemicals enter and alter the function
and activity of specific enzymes. At 0.1 mM, caffeine also increased reactive oxygen species
(ROS) generation and significantly altered the activities of POD, which decreased rhizogenesis
and inhibited root growth of mung bean. According to the findings of other investigations,
ferulic acid treatment for 6 days decreased the maize (Zea mays L.) root's length and weight at
the start of seedlings [21]. Additionally, there was a considerable decrease in the activity of
hydrolase, maltase, phospholipase, and protease.
2.5. Impacts on Plant Endogenous Hormone Synthesis

DNA and RNA integrity may be compromised by any phenolic [29], phenolic compounds
almost emerge as a mixture and not as a single component. Therefore, it is likely that no one

chemical ever contributed to allelopathy in the case of phenolic substances [30].

3. Conclusions

These individual plant phenolic compounds affect several environmental species in opposing
ways. It is also known that they have an impact on other plant metabolic processes. These
phenolic substances take part in both the above- and below-ground defensive mechanisms of
plants. They are created as root exudates and have an impact on the variety of the soil and the
nearby plants. An overview of the functions of plant phenolic compounds as signaling, pigment,

antibacterial, and defense agents in the plant kingdom is given in the current article.

4. References

[1] Einhellig FA. The physiology of allelochemical action: clues and views. In: Allelopathy,
from Molecules to Ecosystems (Eds. Reigosa, M.J. and Pedrol, N.) pp.1-23, Science
Publishers: Enfield, New Hampshire, 2002.

[2] Rehman F, Khan FA, Badruddin SM. Role of phenolics in plant defense against insect
herbivory. Chemistry of phytopotentials: health, energy and environmental perspectives.
2012:309-13.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

95



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Jasim IR, Yaqub HM, Ibrahim FK. / Al-Kitab Journal for Pure Sciences (2023); 7(2):89-.

P,
Cheng F, Cheng Z. Research progress on the use of plant allelopathy in agriculture and the

physiological and ecological mechanisms of allelopathy. Frontiers in plant science. 2015
Nov 17;6:1020.

Batish DR, Kaur S, Singh HP, Kohli RK. Role of root-mediated interactions in phytotoxic
interference of Ageratum conyzoides with rice (Oryza sativa). Flora-Morphology,
Distribution, Functional Ecology of Plants. 2009 Jan 1;204(5):388-95.

Gindri DM, Coelho CM, Uarrota VG. Physiological and biochemical effects of Lantana
camara L. allelochemicals on the seed germination of Avena sativa L. Pesquisa

Agropecuéria Tropical. 2020 Aug 24;50.

Rehman MU, Hussain M, Ali M, Mustafa CB, Shafi J, Igbal F. Allelopathy of Brassica. A
review. Scientia Agriculturae. 2013;8:222-9.

Papetti A, Milanese C, Zanchi C, Gazzani G. HPLC-DAD-ESI/MSn characterization of
environmentally friendly polyphenolic extract from Raphanus sativus L. var.“Cherry
Belle” skin and stability of its red components. Food research international. 2014 Nov

1:65:238-46.

Macias FA, Mejias FJ, Molinillo JM. Recent advances in allelopathy for weed control:

From knowledge to applications. Pest management science. 2019 Sep;75(9):2413-36.

Li ZH, Wang Q, Ruan X, Pan CD, Jiang DA. Phenolics and plant allelopathy. Molecules.
2010 Dec 7;15(12):8933-52.

[10] Wang Q, Ruan X, Li ZH, Pan CD. Autotoxicity of plants and research of coniferous forest

autotoxicity. Sci. Sil. Sin. 2006;43:134-142.

[11] Rueda-Ayala V, Jaeck O, Gerhards R. Investigation of biochemical and competitive effects

of cover crops on crops and weeds. Crop Protection. 2015 May 1;71:79-87.

[12] Sampaio BL, Edrada-Ebel R, Da Costa FB. Effect of the environment on the secondary

metabolic profile of Tithonia diversifolia: a model for environmental metabolomics of
plants. Scientific reports. 2016 Jul 7;6(1):29265.

[13] Tanwir F, Dionisio G, Adhikari KB, Fomsgaard 1S, Gregersen PL. Biosynthesis and

chemical transformation of benzoxazinoids in rye during seed germination and the
identification of a rye Bx6-like gene. Phytochemistry. 2017 Aug 1;140:95-107.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

96



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Jasim IR, Yaqub HM, Ibrahim FK. / Al-Kitab Journal for Pure Sciences (2023); 7(2):89-.
e —

[14] YILAR M, Bayar Y, Onaran A. Chemical composition and allelopathic effect of
Origanum onites L. essential oil. Plant Protection Bulletin. 2019 Sep 9;59(3):71-8.

[15] VRCHOTOVA N, SERA B, Dadékova E. HPLC and CE analysis of catechins, stilbens
and quercetin in flowers and stems of Polygonum cuspidatum, P. sachalinense and P. X
bohemicum. Journal of the Indian Chemical Society. 2010;87(10):1267-72.

[16] Souza M, Comin JJ, Kurtz C, Lovato PE, Lima AP, Kuhnen S. Phenolic compounds with
allelopathic potential of Secale cereale L. and Raphanus sativus L. grown under an

agroecological no-tillage system. Planta Daninha. 2019 Sep 30;37.

[17] Oliveira RA, Brunetto G, Loss A, Gatiboni LC, Kurtz C, Muller VM, Lovato PE, Oliveira
BS, Souza M, Comin JJ. Decomposicdo e liberacdo de nutrientes de plantas de cobertura e
seus efeitos em atributos quimicos do solo e produtividade da cebola. Rev Bras Cienc Solo.
2016;40:e0150105.

[18] Bergamaschi KB. Capacidade antioxidante e composicdo quimica de residuos vegetais

visando seu aproveitamento. Piracicaba: USP. 2010.

[19] Monguero PA, Amaral LR, Inacio EM, Brunhara JP, Binha DP, Silva PV, Silva AC. Effect
of green fertilizers on the suppression of different species of weeds. Planta Daninha.
2009;27:85-95.

[20] Andriana Y, Xuan TD. Contribution of phenolic acids and dimethyl sulfone to the
allelopathic effect of invasive Tridax procumbens. Pesquisa Agropecuaria Tropical. 2021
Jan 18;50:e64792.

[21] Mahugo Santana C, Sosa Ferrera Z, Esther Torres Padron M, Juan Santana Rodriguez J.
Methodologies for the extraction of phenolic compounds from environmental samples:
new approaches. Molecules. 2009 Jan 9;14(1):298-320.

[22] Politycka B. Phenolics and the activities of phenylalanine ammonia-lyase, phenol-f-
glucosyltransferase and p-glucosidase in cucumber roots as affected by phenolic
allelochemicals. Acta physiologiae plantarum. 1998 Dec;20:405-10.

[23] Li HH, Inoue M, Nishimura H, Mizutani J, Tsuzuki E. Interactions of trans-cinnamic acid,
its related phenolic allelochemicals, and abscisic acid in seedling growth and seed
germination of lettuce. Journal of Chemical Ecology. 1993 Aug;19:1775-87.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

97



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Jasim IR, Yaqub HM, Ibrahim FK. / Al-Kitab Journal for Pure Sciences (2023); 7(2):89-.
e —

[24] YuJQ, Ye SF, Zhang MF, Hu WH. Effects of root exudates and aqueous root extracts of

cucumber (Cucumis sativus) and allelochemicals, on photosynthesis and antioxidant

enzymes in cucumber. Biochemical systematics and ecology. 2003 Feb 1;31(2):129-309.

[25] Fu YH, Quan WX, Li CC, Qian CY, Tang FH, Chen XJ. Allelopathic effects of phenolic
acids on seedling growth and photosynthesis in Rhododendron delavayi Franch.
Photosynthetica. 2019 Apr 1;57(2).

[26] Li HH, Inoue M, Nishimura H, Mizutani J, Tsuzuki E. Interactions of trans-cinnamic acid,
its related phenolic allelochemicals, and abscisic acid in seedling growth and seed

germination of lettuce. Journal of Chemical Ecology. 1993 Aug;19:1775-87.

[27] Singh AA, Rajeswari G, Nirmal LA, Jacob S. Synthesis and extraction routes of
allelochemicals from plants and microbes: A review. Reviews in Analytical Chemistry.
2021 Sep 9;40(1):293-311. https://doi.org/10.1515/revac-2021-0139

[28] Devi SR, Prasad MN. Effect of ferulic acid on growth and hydrolytic enzyme activities of
germinating maize seeds. Journal of Chemical Ecology. 1992 Nov;18:1981-90.

[29] Devi SR, Prasad MN. Effect of ferulic acid on growth and hydrolytic enzyme activities of
germinating maize seeds. Journal of Chemical Ecology. 1992 Nov;18:1981-90.

[30] Ni HW. Present status and prospect of crop allelopathy in China. Rice allelopathy.
2000:41-8.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

98



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
https://doi.org/10.1515/revac-2021-0139

Al-Kitab Journal for Pure Sciences (2023); 7(2):99-114.
https://doi.org/10.32441/Kkjps.07.02.p9

KJPS AlKstab Journal for Pure Sciences [AS]
gt ISSN: 2617-1260 (print), 2617-8141(online) ﬁ
https://isnra.net/index.php/kjps O e rvvr o O

Using Universal Kriging for Spatiotemporal Data of
Soil Pollution with Metals in Al Karama Industrial
Area in Mosul City

Mai Hussein Ali *, Ghanim Mahmood Dhahir

Department of Mathematics, College of Education for Pure Sciences, University of Mosul, Mosul, Iraq.

*Corresponding Author. mustafamohamed40020@gmail.com

Citation: Ali MH, Dhahir GM. Using Universal
Kriging for Spatiotemporal Data of Soil Pollution
with Metals in Al Karama Industrial Area in Mosul
City. 2023 Oct 30;7(2):99-114. Available from:
https://doi.org/10.32441/kjps.07.02.p9.

Keywords: The Universal Kriging, the Covariance
models, Spatiotemporal data, standards of error.
Article History

Received 03 Sep. 2023

Accepted 22 Oct. 2023

Available online 30 Oct. 2023

©2023. THIS IS AN OPEN-ACCESS ARTICLE UNDER THE CC BY LICENSE
http://creativecommons.org/licenses/by/4.0/

OMON

Abstract:

The current research tackles the performance of Spatiotemporal Interpolation Techniques
using the Kriging Technique after relating it to time, which is introduced to the Prediction
Process as the reliable mathematical formula to obtain the best performance of a proposed
mathematical model. This study's main objective is to evaluate the best Unbiased Linear
Prediction Technique with the slightest variance of error through mathematical equations that
are derived and related to time.

In this study, the researcher used Spatiotemporal Data of Soil Pollution with minerals in the
industrial zone in Mosul city with the actual locations. The data consists of (192) real
observations of Arsenic (As) and Chrome (Cr) in the AL Karama Industrial Zone, and this data
represents the depth with the actual locations. The Kriging Technique and Kriging Covariance
through the mathematical formula are related to time in this research. A function for the place
was applied, namely, the variogram function that represents the difference between the
observations, as this function was determined for all the directions of the compass, and its
parameters were estimated. Through the covariance and the standards of error, it was concluded
that the ideas of the Mathematical Spatiotemporal model express the positivity of the proposed

model amongst the models of the Covariance functions, such as the Spherical model and the
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Exponential model, which are approximate models from the principal point of view to the

characteristics of the Kriging mode. We also recommend entering three-dimensional data to
obtain a proposed mathematical model or data for infectious diseases and atmospheric gas
Pollution, using other Spatiotemporal Prediction methods and linking them with artificial
intelligence and Fuzzy methods. All the calculations were conducted using the MATLAB

Language.

Keywords: The Universal Kriging, the Covariance models, Spatiotemporal data, standards
of error.
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1. Introduction:

Kriging Technique gained this name after the name of the South African mining engineer D.
G. Krige, who submitted specific ideas in his master's thesis in (1951), and these ideas were
adopted by the famous French mathematician George Matheran and called the Kriging
Technique for spatial prediction. Spatial prediction received significant attention in statistics as
the forecast can potentially affect the values in unknown locations. Despite the long history of
this subject, the uncertainty feature is related to the type of the most convenient prediction
method. Sometimes, many researchers rely on the nature of the data (samples) and the decisions
made when identifying the prediction criteria. When any vector is specified, a particular
indicator can be measured by increasing the number of Kriging applications, and it is the Best
Linear Unbiased Prediction (BLUP)m where the statistical characteristic is preferred repeatedly
so that the chance is available to determine the mean as a model in Kriging Technique. Usually,
the spatial technique is evaluated into two values: mean and residual. Here, the random data is
related to the residual, and the Universal kriging (UK) becomes related to the mean. Several
studies suggest a model estimate the level of air pollution explicitly by merging both the
temporal and spatial dependent variables; spatial interpolation methods and their applications
have been developed in various disciplines, such as mining engineering [11] and environmental
sciences [6], [1], many studies have dealt with spatial prediction [5], [15], in health, pollution
and precipitation [16], in the field of soil data, its properties and groundwater [3], [2].
2. Method

2.1 Regionalized Random Variables:

If the random variable Z(s) is a spatial variable in the location s, and if s = s, , then Z"(So)
is the variable to be predicted in the location s,. The random spatial variable (regional) is
defined as a numerical function with a spatial distribution that is different from one location to
another with the continuity of the phenomenon, but the spatial (regional) data is the information
that describes objects and events in a location of the earth surface or near it or inside the earth
or close to it. Usually, the spatial geographical data involves the information of the location (it
includes coordinates on the ground, the feature or the event information, or certain phenomena)
with the temporal information (time or age) that exists in the location, and the location is stable
on the wide range. If Z(s) is a random spatial variable in the location (s), then the distribution

data Z(s) has a prediction that is written with the following formula:

m(s) = E[Z(s)] = [, X fz9(0)dx = p ,VSED (1)
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his case is called First-Order Stationarity, but in Second-Order Stationarity, the random

variable Z(s) is a second-order stationary variable if the prediction of the random variable is
present and doesn't depend on the location (S). E[Z(s)] = u , VSseD

If the variance exists, it is defined as var [Z(s)] = 6%z, = E[{Z(s) — m(s)}?]

var [26s)] = | (x= m($))? oy (¥)dx

For each pair of spatial random variables [Z(s),Z(s + h) ] The covariance function is
known and depends on lag only.

COV (Z(s),Z(s + h)) = E[(Z(s)- m(s))(Z(s + h)- m(s + h))] = o (h)

The second-order stationarity entails the presence of the covariance function and a specific
finite variance function. The Intrinsic Stationary is more generalized than the previous
stationarity in that the mathematical prediction exists and doesn't depend on the location (s).

E[Z(s)]=n

The increase [Z(s), Z(s + h) ] has a finite variance and doesn't depend on the location ().

var[Z(s),Z(s + h)] = E[(Z(s + h)- Z(5))?] = 2y(h)

The function 2y (h) is called a variogram function, while the stochastic process is called the
random process, which is a group of random variables that depend on time. If we assume that
there is the element (s) (sample space) for a random experiment (E), then the function:

Z={Z(t,s),teT,s € S}, T c R @)

It is called the random process or the stochastic process.((t), (t, s)), where T is the parameter
time, S is the space, and the sample (the case) (states space), as T might be countable
(discontinuous values) or uncountable (continuous) ,and the same is with s [8], [13], [17].

2.2 Variogram Function:

Usually, the variogram function is defined as the function of the following probabilities:

2y(h) = E[(Z(s) — Z(s + h))?] ©)

When dealing with the real data, the variogram function is estimated by the experimental
variogram function in relation to the lag vector (h) as a set of observations that exist in the form
of pairs with spaces between them lag(h) [4], [7], [9].

. 1 ,

2y (h) = Wz’i":@(zi —Z;)?,j=1,2...,N(h) (4)

There are three parameters for the variogram function, they are:

e The range is symbolized with (a), and it represents the distance on the x coordinate or
lag until the curve is stable.

o Sill, where the value of ¢ + ¢, Represents the variance.

P,
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e The Nugget Effect stands for the random errors in the measurement units, which is the

nugget effect of the function at h = 0, and it is also called the nugget effect or

discontinuity, as shown in Figure (1):

y(h)

sill

nugget

Figure (1): An illustration of the variogram function characteristics

Figure (1) shows the variogram drawing in general, where the x-axis is the lag(h) and the y-
axis represents the semi-variogram function y(h) with the parameters: (nugget effect) is the
lack of continuity, (still) is the variance, and (range) is the lag. The variogram function has the

following properties:

y(h) =y(-h)
y(0) =0 ,h=0
y(h)
-0 when h|| - o
| h |12 IRl
For any real group {a;,a,, .. ..... ,ap} that verifies }i%; a; = 0 we get the following

characteristics: X2, 2% a; a; y(s;-s;) < 0

Here, the process is isotropic, i.e., y(h) = y(||h||). There is a relationship that connects
the variogram and the covariance function, which y(h) = C(0)- C(h), where y(h) is Semi
variogram function and C(0) is a Variance function and C(h) represents the Covariance
function [4] ,[7].
2.3 Spatiotemporal Random Function Model

Let Z = {Z(s,t),s € S,t € T} be a group of spatiotemporal data or temporal data from a
variable with spatial coordinates (s ;, t;),i =1, ... ... , within the spatial domain S for the time
interval T. Assuming that this definition satisfies the stochastic spatiotemporal function z(s,t),
predictions can be made Z(s,, t,) For the unmeasurable spatiotemporal points [6], the model of
the random function is given as follows:

Z*(s,t) = m(s,t) + e(s,t) (5)
P,
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Where m (s, t) is the deterministic part and e (s, t) is the stochastic residual part. The stability

of the direction can be presumed in the time and place, and it can be allowed to change as a
known function of covariates, and m represents the basic variance in the spatiotemporal process.
The direction is developed by the regression-type model that connects the important variable z
with the relevant covariates. The residual e represents the difference between the observations
and predictions of the trend of the stationarity model of residuals for replication in Kriging
processes results from removing the direction component, and they are distributed normally [7],
[18], [17].
2.4 Spatiotemporal Variogram Function

The estimation of spatiotemporal direction is done by subtracting m(s) from the observations
of the spatiotemporal level e(s, t), and the residual might be differences or correlations in space
and time. The resulting residuals could be used in constructing the sample of the variogram
function in time and space. The sample of the variogram function model diagram 2y (h,u) is

calculated as follows:

1
N(hu)

2y(h,u) = Z?ﬂ"u) [e(s,t) —e(s + h,t +u)]?

(6)

Where h is the distance separating the points in space and, u is the separation in the time,
N(h, u) is the number of observations in Z that are separated by lag (h, u). The spatiotemporal
structure of the variogram function is symbolized by 2y(h,u), which is according to the
distance or lag. Once the plot samples of the spatiotemporal variogram function model are
calculated, a model with a few model variances can be modeled to estimate the spatiotemporal
covariance and variance. The variogram function can represent the spatiotemporal variables.

¥sr (s, t) in the following formula:
Ysr(s,0) = ¥s() + yr(w) +y,(VRZ + w? ) .

Where X represents the spatiotemporal variance when the spatiotemporal distances and

the spatial distance are merged, and y; Are the spatiotemporal variogram functions [19], [21].
2.5 Universal Kriging

In this type of kriging, the data Zj, i= 1, ..., n, are unknown at the points vi wherei=1, ..., n
is interpreted as outcomes of a random field that can be decomposed as the sum of the
deterministic components of a random field Z(s) is stationarity and has a mean of zero. This is
supposed to be: Z(s) = X741 Bif;(s) + R(s)

Where R is a zero mean of a random field, which is represented as a function f, which is

assumed to be known, together with the variogram function of the random field R, the
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coefficients Bj are secondary coefficients of the prediction. Under these assumptions, Universal

Kriging (UK) can be defined as If we have so, then Universal Kriging overall estimate at a point
So based on the spatial data Z(s;) where i =1, ..., n is defined as an unbiased linear estimate.
Z"(s0) = X1 q 4 Z(s)
With the most accurate squared predictive error. The Universal Kriging can be written in the
following form: Z=XB + R
Justifying the morphological similarity with the general linear estimation. The function to

be minimized can be written in the case of a Universal Kriging as follows:

@ (A1, Azy -eey Mg, M1, .oy Mp) = E[(Z(S0) - Tit g As Z(5))2] - 2% M (Tiq A; £(S0) ) Where
j=1, ..., pand m; Are Lagrangian multiples, repeating the derivation along the lines of the

above leads to a linear system. [ U AU =yU, where [U is a matrix, AU is a value, and yU is a
value. The Universal Kriging Coefficients can be determined by solving the linear system. [ U

AU = yU, therefore: AU = 5! yU.

Similarly, the squared prediction error can be calculated as in the case of Ordinary Kriging

(OK) through the following equation [9], [10], [14].

otk (Vo) =A§ YU=y§ [g" yU (10)
2.6 Spatiotemporal Kriging Technique
In a similar way to the pure spatial case in the regression Kriging (RK), separate predictions
are of the direction, and the remaining components are performed, and then they are added
together once again. The techniques of applying the steps differ in terms of satisfying the
Spatiotemporal Kriging Technigue (STK) on the random residuals through the best unbiased
linear prediction e(s,, t,).
€"(So, t,) = it Aie(sy ty) )
where; 4; Represents the weights of the spatiotemporal Kriging technique that is determined
by the spatiotemporal waste structure. Also, e(s;, t;) Are the residual of the samples in the area
that is neighboring the prediction location? The optimum weights of the spatiotemporal Kriging

technique are obtained via the following relation:

ZA] yst(si — Sj, ti — t]) + n= yst(si — Sy ti - to), V]= 1, .., n
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Where the Lagrange multiplier p is the number of observations that are confined to the

research area. The final spatiotemporal estimation in the location (s,,t,) It is given by the
components that remain together.
Z7 (S0, ) = m* (50, t,) + €7 (S0, L) (11)

The prediction covariance is estimated by:
var(Z*s,,t,) — Z(s,,t,)) = 0* (m*(so)) + (Z?:l Ai Vse(si— st —t,) + m)

The vector of the error component is given by:
a2(m*(sy)) = X, —xT ¢! ¢ )T(xT ¢ )7 (xg —xT ¢ ¢p) (12)

Where x is the sample of the covariance matrix remaining in the research locations, c is the
covariates in the research location, and x, It is the vector of the variables [12], [20], [17].
2.7 Measures of The Predictive Performance with Time

The predictive performance for each model is accomplished by verifying the (Cross
Validation) as the accuracy of prediction validity with the time factor by the mean absolute

predictive error (MAPE), which equals:

1 ) — Y (sit
MAPE:_EZ ¥(sit) — v (syt)
N £l

}’*(S,-, t)
Where N is the total number of available observations in the group, y(s;t) is the

%100 (13)

measurements of the pollution in the counter i and the unit of time in the group t, y*(s;, t)

Represents the root mean square error (RMSE) can be found [20]:

RMSE = 25,5 (¥(s) ~ ¥ (5,0’ (14

3. Data Analysis

We relied on spatiotemporal data with their actual locations from research published in the
College of Environmental Sciences by researcher Salem Rabie Zannad (2020), and the title of
the research was "Industrial Pollution and Environmental Impact Assessment of Industrial
Areas in the City of Mosul.” University of Mosul.

3.1 The area of study

The area of the study is in Mosul city in the northern west part of Iraq, which is between the
longitude 41 © - 44° to the east and latitude of (41° - 44°) to the east and latitude of (35° - 379).
The Al Karama industrial zone is in the eastern part of Mosul (the left bank of the city). The
area of the study is famous for the factories and mills in addition to the repair and maintenance
shops and garages that represent an important factor to the city. The real spatiotemporal data of

the industrial zone in Mosul city is the data adopted in this research, and it consists of (192)
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real values for Arsenic (As) and Chrome (Cr), which cause pollution to the soils of the industrial

zone with the course of time and for three seasons: (Autumn, Winter, and Spring).

Table (1): Results of the variogram functions for Arsenic and Chrome metals for all the trends

Arsenic As
Gl 0.932 1.260 1.491 2.093 3.151 3.796 5.108
G2 7.096 14.640 18.552 21.829 22.486 16.377 30.059
G3 8.373 17.082 20.769 26.197 31.531 28.323 52.590
G4 6.243 13.054 16.192 18.917 17.085 9.182 12.410
G5 4.014 7.950 10.022 11.961 12.819 10.086 17.583
G6 7.308 15.068 18.480 22.557 24.308 18.753 23.500

Chrome Cr
G1 0.364 0.322 0.270 0.380 0.602 0.481 0.656
G2 0.425 1.040 1.880 3.130 4.222 5.547 7.119
G3 0.618 1.336 2.521 4,126 5.326 6.718 7.507
G4 0.410 0.819 1.136 2.180 3.496 2.914 2.722
G5 0.848 1.340 1.968 2.957 3.888 5.075 6.580
G6 1.153 2.098 3.118 5.204 7.160 7.502 6.250

Table (1) below contains the results of the variogram function according to equation (1) for
all the directions of the compass with the basic angles of the compass (6=135°, 45°, 90°, 0°),
where G1 represents the angle 6=0°, G2 represents the results at the angle 6=90° with lag (h),
whereas G3 stands for the results at the angle 6=45° and G4 represents the results at the angle
0=135° with lag (h) of h = 1.414, 2.82, ..., 9.898 for the case of Arsenic and Chrome metals.
The results of the mean variogram function where the first row is G5 represents the mean of the
two angles 6 = 90°, 0° because the lag is equal when h =1, 2, ...,7, the second row shows the
mean of the two angles 6 = 135°, 45° because the lag is equal in the case of the Arsenie and the
Chrome metals.
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Figure (2): Curves of the variogram function for the Arsenic and Chrome metals
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Figure (2) shows the curves of the variogram functions as the curves in (a) for all the angles:

the blue curve is when 6=0°, the green curve is when 6 = 90°, the red curve is when the angle
is (0=45°) and the discontinuous dots curve is when 6 =135°. As for (b), it represents the mean
of the two variogram functions at the angles (0°and 90°) represented by the red curve, and the
black curve represents the angles (45° and 135°) for Arsenic (As). The same can be said for the
curves in figure (c) for all the angles related to Chrome, and figure (d) represents the mean

variogram function of Chrome.

Table (2): Results of the characteristics of the variogram function means for
Arsenic and Chrome metals for all the angles.

etal As Cr
Statistics (0°,90°) | (45°135°) | (0°90°) | (45°135°%)
Min 4.014 7.308 0.848 1.154
Max 17.58 325 6.58 7.503
Mean 10.63 19.85 3.237 4.641
Median 10.09 18.75 2.958 5.204
Range 6 8.485 6 8.485

Table (2) shows the results of the variogram function for all the angles, where (Min) stands

for the point of nugget effect, (Max) represents the variance, (Mean) represents the mean,
(median) represents the median, and (Range) stands for the range in the case of Arsenic and

Chrome metals.
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Figure (3): Results of variogram function of the spatiotemporal data of Arsenic and Chrome

metals in all the directions of the compass
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Figure (3) shows the variogram functions, where (a) represents the result of the variogram

function at the angle (0°) with time. Where (t =1, t=2, t=3) between the lag on the x-axis and
the variogram function on the y-axis and the same is for the rest of the angles in the figure; (b),
(c) and (d) for the angles 45, 90 and 125° respectively. In Figure (3), the curves of the functions
(@) as (t=1, t=2, t=3) between the lag on the x-axis and the variogram function on the y-axis and
the same for the rest of the angles in figures b, c and d for the angles (45°, 90°, and 135°)

respectively.

Table (3): Results of the variogram function mean of Arsenic metal at (t=1, t=2, t=3)

G5 (T=1) G6(T=2) G7(T=3)
9.667 9.224 0.828
19.753 18.248 20.070
24.566 21.415 24.895
23.881 20.355 25.404
13.380 11.818 14.965
31.483 26.882 34.139
60.007 48.866 66.623

Table (3) shows the results of the variogram function mean, where G5 represents the
results of the variogram function mean at (T=2), and G7 represents the variogram function
mean at (T=3).
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Figure (4): Results of variogram mean of the spatiotemporal data of Arsenic.

Figure (4) shows three curves of the variogram. The blue curve shows the average at (t=1),

the red curve shows the average at (t = 2), and the black curve shows the average at (t=3).
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Figure (5): of the spatiotemporal data of Chrome in all the directions of the compass

Figure (5) shows the curves of the variogram functions. Part (a) represents the Results of the
variogram function at the angle (0°) with the times (t = 1, t = 2, t = 3) between the lag on the x-axis
and the variogram function on the y-axis. The same is true for the rest of the angles in the parts
(b), (c), and (d) in the figure for the angle.

Table (4): variogram function of the mean of Chrome.

G5 (t=1) G6(t=2) G7(t=3)
0.789 0.848 0.803
1.363 1.340 1.284
2.150 1.968 1.917
3511 2.957 2.841
4.825 3.888 3.865
6.029 5.075 5.383
7.775 6.580 6.940

Table (4) represents the results of the mean variogram function at time (t = 1,2,3). G5
represents the mean of the angle (0°), G6 represents the mean of the angle (90°), and G6

represents the mean of the angle (45°).
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Figure (6): Results of an average of variogram function at (t=1, t=2, t=3) for Chrome

Figure (6) includes three curves of the mean variogram function for Chrome. The blue curve
shows the mean at (t = 1), the black curve shows the mean at (t = 2), and the black curve shows
the mean at (t = 3).

Table (5): Results of the variogram function characteristics for Arsenic and Chrome at (t=1, t=2, t=3)

,.
i As Cr
Time

Statistics t=1 | t=2 | t=3 t=1 t=2 t=3
Min 2573 | 26.64 | 20.06 | 16.01 | 1221 | 11.96

Max 4378 | 509.6 | 3789 | 257.8 | 176.7 120
Mean 173 | 1767 | 1427 | 97.73 | 66.23 | 52.14
Median 132.3 116 102.3 68.67 46.39 39.49
Range 6 | 8485 | 8485 6 8485 | 8485

Table (5) shows the results of the variogram function characteristics for all the times (t=1, t
=2, and t=3) for the average of the variogram function for Arsenic and Chrome. Min represents

the nugget effect point; Max represents the variance. Mean represents the average, Median, and

Range.
Table (6): Parameters of variogram function of the spatiotemporal data of Arsenic and Chrome
. Range
Parame Metal Model Thgta or S|I2I Nugget2 (mor
ata Time (m?) | Effect(m?)
month)
. (0°,90% | 17.58 4.014 6
SIEE As | Spherical mhcoae0 T 325 | 7.308 | 8.485
t=1 60.01 9.668 6
Spatiotemporal | As Spherical t=2 48.87 9.225 8.485
t=3 66.62 9.829 8.485
. (0°,90°) | 6.58 0.848 6
Space Cr | Bxponential 1= o5 2o 17503 | 1.154 | 8.485
t=1 7.775 0.789 6
Spatiotemporal Cr Exponential t=2 6.58 0.848 8.485
t=3 6.941 0.803 8.485
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Table (6) shows the results of the variogram function parameters for the spatiotemporal data

of Arsenic and Chrome. It demonstrates the model approximate to the covariance function
through the characteristics of the variogram functions and their means in all the angles with the
same lag as mentioned earlier, and it also shows the parameters of all the times (t =1, t =2 and
t=3) of the mean of the variogram function of Arsenic and Chrome. The table shows the main
parameters of the variogram function with the spatial pattern in the angles (0°, 90°) and
(45°,135°) as the table includes the parameters of variogram parameters as (sill) stands for the
variance, (nugget effect) represents the nugget effect, while (range) represents the range with
(meter or month). As for the spatiotemporal, it shows (t = 1,2,3) for the data related to the time

of the two metals (Arsenic and Chrome).

Table (7): Selected prediction values with the performance of prediction measures

MAPE 0.13244 0.1156 0.1002 0.3372
RMSE 0.1451 0.3219 0.2117 1.0089
Z*(s) 32.574 27.1918 18.2894 25.5074

Table (7) shows some values to be predicted as Z* represents the values to be predicted, and
Z stands for the actual values with the standards of error (MAPE and RMSE). From the results,
it is noticed that the standards of error are small in value, and this indicates the validity of the
prediction process of the data about which prediction rests compared with the original data.

4. Conclusions:

The selection of the mathematical model and the evaluation of the impartiality of the models
are necessary to improve the prediction by applying the spatiotemporal data and drawing the
curves of the spatiotemporal distribution of arsenic and chromium data in soil pollution in the
study area. From Table (6), we notice that the variogram function has the aspherical model in
the case of spatial data and spatiotemporal data for arsenic metal, while in the case of spatial
and spatiotemporal data, the variogram function has an exponential model in the case of
chromium metal. We note that there is a great similarity in the properties of the covariance
functions(spherical model and exponential model) through forecasting and taking into account
the criteria for the correctness of the prediction as well as the least variance and the conditions
of the results obtained in obtaining covariance models with convergent parameters for the best
prediction show us the property of uniform spatial distribution of data in all directions of the
compass and through the application of the kriging technique, the results showed the correctness
of the prediction and the completion methods showed similar performance between the kriging
technique. Finally, the proposed model of the spherical curve and the exponential curve
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approaches 91% of the model of covariance functions for common spatiotemporal data with

very small error rates when forecasting.

Universal kriging (UK), the method of spatial or temporal multiple regression, is a model

that divides a random function into a linear set of drift and a random element that is the

remainder.

Through this research, we recommend using infection disease data and atmospheric gas

pollution data and entering three-dimensional data to obtain a proposed mathematical model

and other spatiotemporal forecasting methods and linking them to artificial intelligence

methods and the fuzzy method.
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Abstract:

In this research, compound [1,2-Bis-(4-amino-5-mercapto-4H-[1,2,4]triazol-3-yl)-ethane-
1,2-diol] was used as the starting material for the synthesis of different Schiff's Bases
compounds. The fusion of tartaric acid with Thio carbohydrazide produced the compound (C1),
Schiff's bases (C2-C4) were created through the condensation of substances (C1) with different
substituted benzaldehydes in the presence of glacial acetic acid as a catalyst. Thin layer
chromatography (TLC) was used to confirm the compounds' purity, and spectroscopic methods
were used to infer the compounds' structures (FTIR) and magnetic nuclear resonance
spectroscopy (LH-NMR and 13C-NMR). The agar well diffusion method was used to test
synthesized compounds for their antibacterial activity against K. pneumonia and S. aureus, and
the findings were inconsistent. Target substances were tested for their ability to kill human
breast cancer at concentrations of 50 and 100 g/mL. Human muscle tissue HC normal cell line,
human cervical cancer Hela cell line, and HePG2 cell line. The results showed that the
chemicals had potential cytotoxic activity against the Hela cell line, particularly compound
(C4), which had the greatest inhibition at doses of 100 mg/mL among the examined substances.

Keywords: Schiff base, tartaric acid, Thio carbohydrazide, and Anti-cancer effects.
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1. Introduction:

Kriging Synthesizing heterocyclic organic compounds is an important class that has been
found to have many uses in medicinal chemistry. Most medicinally significant compounds with
pharmacological actions ranging from antibacterial to anticancer contain nitrogen atoms in their
heterocyclic structures [1-3]. An imine distinguishes Schiff bases. (C=N-) bond, commonly
known as an azo methine compound, is typically made by easily condensing primary amines
with carbonyl compounds, primarily aromatic aldehydes, and ketones. Schiff's bases are a great
pharmacophore and are utilized as a starting material for the synthesis of several bioactive
heterocyclic compounds. [4-8] for anti-inflammatory, anticancer, antibacterial, antifungal,

antimalarial, antiviral, and antioxidant, Therapeutics that are cytotoxic, enzyme-inhibitory, and
e —
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anti-COVID-19 [9, 10]. The azomethine group chemical is used as a synthetic intermediary in

a variety of organic syntheses, including the preparation of 1,3-oxazepine by tricyclic addition
with cyclic anhydride [11]. The 1,2,4-triazoles and their derivatives are heterocyclic
compounds having five members that include two carbon atoms and three nitrogen atoms. [12].

The 1,2,4-triazoles have a wide range of pharmacological possibilities, including
antibacterial properties. Antifungal, anti-inflammatory, antioxidant, analgesic, and anticancer
properties have garnered a great deal of interest during the past two decades, particularly. The
biological significance of 1,2,4-triazole has led to the development of several techniques for the
synthesis of this scaffold with biological activity [13- 15] and 1,2,4-triazoles have a unique

position in the fields of medical and pharmaceutical chemistry as well as industrial [16].

2. EXPERIMENTAL SECTION:
2.1 Materials

All the chemicals and solvents utilized during the synthesis of the compounds were bought
from a variety of different suppliers, including Merck, BDH, Sigma Aldrich, and Fulka They
weren't further purified; they were used as obtained. TLC sheets were used to verify the purity
of the produced compounds, and FTIR and *H NMR instruments were used to analyze their
chemical structures. The glassware laboratory was used in this investigation as well as the
uncorrected Gallen Kamp (MFB-600) melting point apparatus, which was used to determine
the melting points of compounds. Compounds' FT-IR spectra were obtained using a KBr Disc
and a Perkin Elmer Speactum-65 in the Chemistry Department of Diyala University. TMS was
applied as the internal standard for the *HNMR spectra, and deuterated DMSO was used as a
solvent on a Bruker 400 MHz spectrophotometer.

2.2 Procedure:
2.2.1 Synthesis of 1,2-Bis-(4-amino-5-mercapto-4H-[1,2,4]triazol-3-yl)-ethane-1,2-diol
(C1)

By mixing tartaric acid (0.003 mol) and Thio carbohydrazide (0.006 mol), which were
placed in a round-bottomed flask and heated in an oil bath until the contents of the flask melted,
compound (C1) was created Scheme 1. When the product was finished cooling, sodium
bicarbonate solution was applied to neutralize any carboxylic acid that may have remained
unreacted. The product was then recrystallized from (Ethanol/water) to afford the title
compounds after being rinsed with water and collected by filtration [17, 18]. Table 1. Lists the

physical characteristics of the created chemical (C1).
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Scheme 1. Synthesis of compound C1

2.2.2 Synthesis of Schiff's bases (C2-C4)

The reaction of compound (C1) (0.01 mol) with several substituted benzaldehydes (0.02
mol) in absolute ethanol and (3—4 drops) of glacial acetic acid was refluxed for 6-8 hours to
produce the Schiff bases Scheme 2. The precipitate was then cooled, filtered, and cleaned with
diethyl ether before being recrystallized with the proper solvent [19, 20]. Table 1. Lists the

synthetic compound's physicochemical characteristics (C2—C4).

N——N

A O,

Ar

Scheme 2. Synthesis of compounds C2-C4
Ar = 4-dimethyl amino benzene,4-nitrobenzene, 2,4-dichlorobenzene

Table 1: Physical properties of the prepared derivatives (C1-C4)

Compound. No M.P°C Yield Recrystal. solvent
C1 231-233 75% Ethanol + water
C2 160-162 93% Ethanol
C3 150-152 91% Ethanol
C4 189-192 92% Ethanol

2.3 Biological evaluation
2.3.1 Antimicrobial assay

On blood agar and Mannitol salt agar, Staphylococcus aureus was cultivated and identified.
On MacConkey agar and Rosin Methylene blue, an isolated K. pneumonia was grown and
identified. Because the Macfarlane turbidity standard provided by the manufacturer (Biomatrix)

yields an approximation of 1.5 x 108 cells/ml, it was utilized to calibrate the number of bacterial
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cells. The Muller Hinton agar medium was made by dissolving 38 grams in 1L of distilled

water, sterilizing it in an autoclave at 121 °C under 15 pounds of pressure for 15 minutes, letting
it cool, and then pouring it onto sterile dishes. These dishes were then maintained in the
refrigerator until they were needed.

2.3.2 Analysing synthetic chemicals' antibacterial properties using the agar diffusion
method.

To prepare the suspended bacteria and place it in tubes with brain heart infusion broth to
activate the bacteria, a few bacteria colonies were conveyed via a loop. The tubes were
incubated at 37 °C for (18—24) hours. The conventional McFarland solution (1.5 x 108) cells/ml
and the bacteria in suspension were compared. After that, the miller hinted that agar-containing
plates on which the bacteria suspension had been previously dispersed were left to dry for a
time. Using a cork borer that had been sanitized, holes with a diameter of 5 mm were created
in the culture medium. By using a micropipette, 100 pl of the substance was added to each hole
separately. After that, incubate the dishes for 24 hours at 37 °C. The diameter of the inhibition
zone surrounding each hole was measured to gauge the potency of each concentration [21]
2.3.3 Cytotoxicity Assay

The following three cell lines were used in this study: cancer of the human breast Human
cervical carcinoma and the HePG2 cell line Hela. While the human muscle tissue HC is a
normal cell line. These cell lines were acquired from the tissue culture unit at the Al-
Mustansirah University in Baghdad, Iraq's Iragi Centre for Cancer, and Medical Genetics
Research (ICC MGR). The evaluation of a compound's solubility before an in vitro cytotoxicity
test. The cytotoxicity experiment was performed using the Freshly (2012) technique and the
crystal violate stain. To prepare varied concentrations ranging from (50,100) g/mL, the organic
compounds were first dissolved in DMSO and then diluted with serum-free media (SFM). The
tumour cells were plated in 96-well microplates (1 x 105 cells/mL) and incubated for 24 hours
at 37 °C., A fresh serum-free medium (SFM) containing concentrations of each drug was then
used to replace the old media. A humidified incubator at 37 °C with (5% CO2) was used to
incubate the plate for 24 hours. Following incubation, 100 mL of crystal violate was added to
each well, and they were again incubated for 20 min at 37 °C with the culture medium removed.
The following equation was used to compute the inhibition percentage: The following three cell
lines were used in this study: cancer of the human breast Human cervical carcinoma and the
HePG2 cell line Hela. While the human muscle tissue HC is a normal cell line. These cell lines
were acquired from the tissue culture unit at the Al-Mustansirah University in Baghdad, Iraq's
Iragi Centre for Cancer, and Medical Genetics Research (ICC MGR). The evaluation of a
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compound's solubility before an in vitro cytotoxicity test. The cytotoxicity experiment was

performed using the Freshly (2012) technique [22] and the crystal violate stain. To prepare
varied concentrations ranging from (50,100) g/mL, the organic compounds were first dissolved
in DMSO and then diluted with serum-free media (SFM). The tumour cells were plated in 96-
well microplates (1 x 105 cells/mL) and incubated for 24 hours at 37 °C., A fresh serum-free
medium (SFM) containing concentrations of each drug was then used to replace the old media.
A humidified incubator at 37 °C with (5% CO) was used to incubate the plate for 24 hours.
Following incubation, 100 mL of crystal violate was added to each well, and they were again
incubated for 20 min at 37 °C with the culture medium removed. The following equation was
used to compute the inhibition percentage.

Percentage of cell inhibition = (absorbance reading of control cells - absorbance reading of

treated cells for each concentration/absorbance reading of control cells) x 100

3. RESULTS AND DISCUSSION:

3.1 Chemistry results

Thio carbohydrazide was converted into 1,2-Bis-(4-amino-5-mercapto-4H- [1,2,4] triazol-
3-yl)-ethane-1,2-diol (C1) through the cyclization of tartaric acid. Scheme 1. Schiff bases (C2-
C4) were prepared by the condensation of compound (C1) with the appropriate aromatic
aldehydes as shown in Scheme 2. The synthesized compounds' structures were established
using tHNMR and FTIR spectroscopy. The product's TLC in each case revealed the existence
of a single spot that was specific to that product.

3.2 FTIR spectroscopy for synthesis compounds [23, 24]

The compound (C1) was identified using FT IR, which displays distinctive bands in the
following range. The bands at 3291-3190 cm, which might be attributed to asymmetric and
symmetric stretching vibration of (NH.), absorption band at 3300 cm™*, which was attributed
to O-H group, 2936 cm™ (C-H aliphatic), and 1617 cm-1 owing to (C= N) of triazole ring. The
OH group was responsible for assigning the bands: (3159-33304 cm™) as the significant
diagnostic bands of chemicals (C2-C4) in the FTIR spectra. About (3118-3136 cm™) is where
the C-H aromatic stretching vibration bands of compounds (C2-C4) are found, The C-H
aliphatic stretching vibration bands of these compounds at (2947-2955), whereas stretching
vibration at 1633-1684 cm™ was due to CH=N (imine), (1613-1628 cm™) for stretching
vibration of C=N (triazole ring) and the disappearance stretching frequency of NH2 at
3291,3190 cm is a good indicated to form Schiff bases compounds. Other bands of compound
(C2-C4) are shown in Table 2.
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Table 2: Compounds' FTIR measurements (C1-C4) FTIR spectrum characteristic bands (cm-1)

Mo @k S Argr;:\tic AlﬁJ_h?tic. =N Argr:rgtic Other

Cl1 3300 2660 - 2936 1617 - NH2(3291,3190)
C2 3159 2688 3118 2947 1613  1591-1529 CH=N (1657)
C3 3271 2654 3136 2953 1618  1573-1485 CH=N (1633)
C4 3304 2680 3136 2955 1628  1584-1501 CH=N (1684)

3.3 NMR spectroscopy for the prepared compounds[25, 26]

The *H-NMR spectra were recorded in DMSO (dimethyl sulfoxide), with chemical shifts
given in ppm and TMS (tetramethyl silane) used as the reference. The 'H-NMR data for
chemical (C1) revealed two protons of (SH) at 10.25 ppm in a single signal. Four (NH.) group
protons were identified by a singlet signal at 5.52 ppm. Signals that were detected at 5.22 ppm
were attributed to protons of (2CH), while those at 4.51 ppm were related to two protons of
(20H), as shown in Fig. 1. The *H NMR data for compound (C2) in Fig. 2. Showed that two
protons of (SH) were responsible for a single signal at 10.25 ppm. Two protons of the Schiff
base group (CH=N) were identified by a singlet signal at 8.67 ppm. A signal that was detected
in the range of 7.77 to 6.67 ppm was attributed to the aromatic ring proton. Signals at 5.31 ppm
were attributed to protons of (2CH), those at 4.95 ppm to two protons of (20H), and those at
3.10 ppm to a singlet signal of (N(CHs)2). While the single signals at 10.22 ppm in the *H NMR
of compound (C3) Fig. 3. Were identified as the protons of (2SH). Two protons of the Schiff
base group (CH=N) were identified by a singlet signal at 8.60 ppm. A signal that was visible in
the range of (8.35-7.71) ppm was attributed to protons from aromatic rings. Protons of (2CH)
were attributed to the signals that showed at 5.34 ppm, while two protons (20H) were allocated
to the signals at 4.32 ppm. The *HNMR results for compound (C4). Fig. 4. displays the chemical
shifts in ppm: 10.25’s, 2H, 2SH), 8.35’s,2H,2 N=CH),8.01-7.40'm 6H,Ar),5.20 (d, 2H, 2CH),
and 4.00 (d, 2H, 20H). The *C NMR spectrum of compound (C1). Shows the following signals
of carbon: 165.3, 150.4, 64.3. Whereas the 1*C NMR spectrum of compound (C2). Shows the
following signals of carbon:166.8, 160.8, 152.3, 110.4 — 149.2, 64.9, and 60.6. The **C NMR
spectrum of compound (C3). Shows the following signals of carbon: 169.2, 160.5, 159.6, 121.9
—149.7, 64.8. Finally, the 13C NMR spectrum of compound (C4). Shows the following signals
of carbon:168.1, 160.7, 155.0, 127.3-149.8, 65.0.

3.4 Antimicrobial activity evaluation
The agar well diffusion method was used on Muller Hinton agar medium to test the

antibacterial activity of novel compounds using 10 mg/ml of dimethyl sulfoxide (DMSO) as a
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solvent, with McFarland turbidity as a reference solution. The studied drugs' zones of inhibition

were measured in millimeters (mm). The results are reported in Table 3. According to the
screening results, the compounds (C3- C4) have high activity against S. aureus bacteria at a
concentration of 300 ppm, whereas compound C1 has no activity at a concentration (100, 200)
ppm against both S. aureus and K. pneumonia. In vitro anticancer activity.

Three human cell lines—the human cervical cancer Hela cell line, the human breast cancer
HePG2 cell line, and the human—were tested to determine whether each substance had any
harmful effects in vitro. The human muscle tissue HC is a normal cell line that was exposed to
two different concentrations—50 and 100 g/mL—for 24 hours at 37 degrees Celsius. Results
showed that compound (C2) had the highest cytotoxic activity with the lowest inhibition rate
(88.70%) at a concentration of 100 g/mL on the HePG2 cell line, compound (C4) had the lowest
inhibition rate (76.16%) at the same concentration on the HePG2 cell line, and compound (C3)
had the highest inhibition rate (79.67%) at the same concentration on the Hela cell line. While
compound (C4) had the highest level of cytotoxicity on the Hela cell line, with an inhibition
rate of (89.50%) at a dose of 100 g/mL. The other results are summarized in Table 4 and Fig.
(9-15).

Table 3: The Biological activity compounds (C1-C4)

S. aureus K. .
pneumonia

300
No  100ppm 200 ppm 300 ppm 100 ppm 200 ppm

ppm
C1 - - 12 mm - - -

11 mm -

C2 - - - -
C3 11mm 14 mm 22mm - ) 12 mm
C4  l4mm 13 mm 17.mm - - 1z mm

Table 4: The in vitro cytotoxicity of produced compounds on several cell lines at 50
and 100 g/mL following a 24-hour incubation at 37 °C.

Inhibition ratio100% Inhibition ratio100% Inhibition ratio100%
Normal Cell Line Cell Line cancer Hela cell line
No. HC HepG2
Con. pg/mL Con. pg/mL Con. pg/mL
50 100 50 100 50 100
C1 18.40 19.70 69.47 78.43 78.65 89.48
Cc2 9.12 11.78 71.13 88.7 81.10 87.34
C3 8.11 13,57 57.45 78.53 67.55 79.67
C4 10.12 16.22 63.67 76.16 78.69 89.50
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Fig. 3: The *H-NMR spectrum of the compound (C3).
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Fig. 4: The *H-NMR spectrum of the compound (C4).
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Fig. 5: The *C-NMR spectrum of the compound (C1).

Fig. 6: The *C-NMR spectrum of the compound (C2).
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Fig. 7: The 3C-NMR spectrum of the compound (C3).

Fig. 9: The Inhibition of cell line (HepG2) by compounds C1-C4 in 50 pg/mL
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Fig. 13: The Inhibition of Normal cell line (HC) by compounds C1-C4 in 100 pg/mL
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Fig. 14: The HepG2 and HC cell line treated with compounds C1-C4
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Fig. 15: The Heal and HC cell line treated with compounds C1-C4

4. CONCLUSION

Schiff bases compounds (C1 and C2) were prepared by earlier method describes by
Sreenu,p.; et al [17]. while C3 and C4 Schiff bases were synthesized in the present work. Many
techniques were used to characterize these new compounds such as FTIR, IHNMR and
13CNMR. In addition to physical properties. Evaluated the produced compounds' antibacterial
properties and found that they had good to acceptable antibacterial activity against the two
species of bacteria used—K. Pneumonia, a gram-negative bacterium, and S. aureus, a gram-
positive bug. The cytotoxic potential of a few title compounds was also tested against three
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human cell lines: breast cancer in humans' cervical cancer in humans, HePG2 cell line Muscle

from humans, and Hela cells In two distinct concentrations of 50 and 100 g/mL, the HC cell
line is normal. The findings showed that chemical (C4) had the maximum level of cytotoxic
action against the Hela cell line at a dose of 100 g/mL, with an inhibition rate of (89.50%).
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Abstract:

As they include both nucleophilic and electrophilic moieties on the same skeleton,
enaminones are an important subclass of chemical compounds that contain conjugated NC=C-
C=0 fragments. These active sites aid in the production of organic molecules containing linear
or cyclic heteroatoms. Enaminones and the chemical compounds produced from them are both
biologically active against the most dangerous bacteria. As a result, they have been utilized as
starting materials for the synthesis of anti-inflammatory, antibacterial, anticonvulsant,
anticancer, anti-urease, anti-malarial, optically luminescent, corrosion inhibition, and
antitumor agents. Their synthesis has usually a terrific deal of interest and a plethora of synthetic
paths have been narrated, including Lewis’s acids, P205/Si0O2, Cu- nanoparticles, and
heteropoly acid. Enaminone metal complexes have serval applications in industry and
engineering. The definition, significance, and diverse applications of 3-enaminone ligands and

their metal complexes are presented in this review study.

Keywords: B-enaminone, diverse applications, complexes.
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1. Introduction:

Enaminones are compounds derived from —di-carbonyl compounds with the (N-C=C-C=0)
system. Enaminones are a kind of organic chemical that may be easily produced by different
processes such as condensation, adjunct, cleavage of hetero-cyclic, and acylation. -enaminon is
a chemical that is employed in the production of chemicals, bioactive substances, medicines,
anti-tumor, anti-microbial, antiepileptic, and other therapeutic activities. it is also utilized as an
intermediate step (medium step) in the synthesis of numerous chemical compounds [1-4]. In
fact, they are commonly employed as intermediates in the production of key medicinal
compounds. Because of their chemical transformations and different chemical reactivity due
to their electron amusing and electron flawed cores, these intriguing compounds are extremely
important. One advantage of compounds with an enaminones organization in their building is
that they are extremely steady molecules. They are easily created utilizing generally accessible
and little-cost starting ingredients. Enaminones are also one of the greatest beginning resources
for organic production strategies since they may be made utilizing inexpensive starting

ingredients [5-8], Scheme I.
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Scheme 1: Examples of bioactive b-enaminones

Enaminones and their complexes have some applications on a variety of grounds.
Enaminones have received a lot of attention because of their capacity to system compounds
(they are excellent poly-dentate ligands), since following complexation, the effectiveness, and
characteristics of f-enaminones are much improved. Enaminone complexes exhibit a diverse
range of living functions. A copper-based greenish-yellow complex was produced utilizing a
ferrocenyl enaminone, which is an excellent replacement for olefin polymerization catalysts.
Zinc and iron enaminone complexes with antibacterial action have also been found. Various
enaminone complexes have been found to have fungicidal and bactericidal activity critical to 8
kinds of bacteria and 3 kinds of fungi [9-12]. A review of the literature reveals the toxicity
possible of the ligand B-enaminone and its Cdll complex hostile to MCF7. Compounds of
different ions with ligands f-enaminone have also been discovered to have remarkable anti-
urease properties. Enaminones have grown in importance because they may be employed as
effective chelating ligands for transition metals, and the anions they form are isoelectronic
substitutes for cyclopentadienyl-based anions. [13-16]

Several techniques aimed at the production of B-enaminones employing Lewis acid reagents,
including Bi(TFA), Er(OTf), and Yb(OTf), have been described in the literature. Furthermore,
B-enaminones have been produced employing microwave and ultrasonic irradiation. All of
these procedures, however, have their own downsides and restrictions, such as lengthier
reaction times, the use of costly substances, the usage of hazardous solvents, and the
employment of moisture-sensitive Lewis acids. The majority of these approaches relied heavily
on secondary amines. In continuation of our ongoing research into novel synthetic

methodologies for organic synthesis and the function of transition metal catalysts in such
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synthesis, we present here the selective and efficient synthesis of f-enaminones utilizing Cu-

nano-particles. Transition metal nanoparticles have been exploited as decent catalysts in a
variety of synthesis carbon-based transformations in recent years due to their extraordinary
volume ratio to surface area coordination places, which are primarily accountable for their
catalyst activity. Copper- nano-particles are less expensive than typical catalysts and insist on

just minor reaction settings to produce a high yield in reaction time [17-20].

2. Theory: A literature review of the synthesis of p-enaminone ligands and
their metal complexes

Using enaminone-directed Rh(lll)-catalyzed CH coupling with alpha-diazo-alpha-
phosphono acetate, a C-C de-phosphorylation reaction in the presence of fluoride was explored
to form 4- hydroxy -I- naphthoates and (E) - selective alpha, Peta- unsaturated ester could be
produced by performing intermolecular C-C coupling of alpha- phosphono acetate and Benz
aldehyde [21], Scheme 2.
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Scheme 2: B-enaminone compounds

Three new ligands for enaminone derived from the chemical compound benzidine were
prepared: L3 (C1)= (z)-4-((4-amino-[1,1-bi phenyl]-4-yl)amino)pent-3-en-2-one , L3 (d1)= (2)-
5-((4’- amino-[1,1-bi-phenyl]-4-yl)amino)hept-4-en-3-one, and L3 (e1)= (2)-3-((4’-amino-[1,1-
bi-phenyl]-4-yl)amino)-1-phenylbut-2-en-1-one of the important things that make this special
lesson of B-enaminones has many important features and potential tenders that caught the
attention of researchers is the bond between the two vinyl clusters in the p-position relative to
NH: group. Also, the availability of NH2 group greeneries room for more functionalization of
our compounds. The use of a cheap, light, clean, and effective catalyst, which favors the
chemistry approach, is one of the greatest significant advantages provided by this method [22],

Scheme 3.
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Scheme 3: Structure of L1

Four enaminone compounds derived from the reaction of 5-formyl barbituric acid and
selected specific amines were prepared with high productivity and efficiency. The prepared
compounds were characterized by several spectroscopic methods, including FTIR, *H and *C
NMR, and CHN. There was great agreement between the results obtained and the results

mentioned for similar derivatives in the medical literature [23], Scheme 4.
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Scheme 4: Synthesis of Enaminone Derivatives

Prepared tetradentate ligands derived from 2 , 20- penaphthol and 2 ,20- diphenol, namely
HaL1 (1)=3, 30 - bis [(( 2,4,6- tri-methyl — phenyl ) imino ) methyl] - [1, 10] — bi- phenyl -2,20
—diol and HoL> (3)= 3,30 —bis [(( 2,4,6- tri -methyl phenyl) imino) methyl] - [1, 10] —bi-
naphthalenyl -2,20 -diol, which in turn reacted with cobalt acetate tetrahydrate to prepare Co [
3,30 — bis - ((R) — imino methyl) - (1, 10) — bi-phenyl -2,20 - dioxo] 2 (2) and Co [3, 30 -bis-
((R) — imino methyl) - (1, 10) —bi-naphthalenyl -2, 20 — dioxo ]2 (4) (where R= 2, 4, 6-
MesCe¢H2 ). The prepared compounds were characterized by several spectroscopic methods,
including CHN, Mass spectra, FTIR, UV-Vis, magnetic measurement, and single-crystal X-ray
diffraction analysis. The presence of tetrahedral structure for both 2 and 4 metal ions was
diagnosed by X-ray crystallography. Synthesis of p-enaminone from 1, 3- di-carbonyl
compounds and aliphatic amines under ambient conditions using metal complexes 2 and 4

successfully catalyzed the reaction [24], Scheme 5.
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Scheme 5: Synthesis of di-nuclear cobalt complexes (2,4) by  — enaminones.

Three derivatives of trans enaminone, namely (non-brominated (TE), tri-brominated (Brs-

TE), and mono-brominated (Br-TE), were designed and prepared with aggregation-induced

emission properties. With different fluorescence properties, two kinds of Br-TE quartzes B &G

were obtained and through halogen bond formation their state (solid) fluorescence was

improved. The higher products of Br-TE-G are due to stronger multiple intermolecular

interactions that may restrict molecular movements, causing a lower decay rate (enhanced

radioactive and non-radioactive), in addition to halogen bond interactions, and this was

concluded through theoretical calculations and careful examination of single crystal data. To

control the state (solid) production goods of luminous resources, specifically fluorescent

resources, halogen bonding is rarely relied upon, which represents the interaction between

molecules [25], Scheme 6.
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Scheme 6: Preparation of trans enaminone derivatives (TE, Brs-TE and Br-TE)
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In recent decades, there has been a surge in the chemistry of heterocycles. This has resulted

in an astounding number of molecules with at least one heterocycle in their structure. In fact,
more than two-thirds of the 65 million chemical molecules comprise a heterocyclic structure.
Heterocycles are significant not only for their richness and exceptional diversity, but also for
their biological, medical (vitamins, hormones, antibiotics, etc.), industrial, and technical
applications (corrosion inhibitors, dyes, stabilizers, pesticides, herbicides, etc.). Many natural
substances of plants, animals, or synthetic origin have nitrogenous structures among the many
families of heterocyclic compounds. The pyrazolo-enaminones are among them [26], Scheme
1.
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Scheme 7: Synthesis of pyrazole-enaminones

-Enaminone compounds were prepared through a new one-pot procedure in the presence
of the Pd-DNA catalyst, with the use of amino sources (NPr3, NEts, and NBuz). The method
comprises sequential Sonogashira carbonyl coupling of a terminal alkyne to an aryl iodide and
oxidative dealkylation of the tertiary amines. The catalyst was used in many subsequent tests
with the same results after it was successfully recovered. On the basis of the activity of

palladium nanoparticles, the reaction mechanism was proposed [27], Scheme 8.

ﬂRthHJ

% = Riaols  PADNA | Ry NN :

— h [ ]
DMF, 120°C 1. P
R' Hp H‘|

Scheme 8: Preparation of B-enaminone in the presence of palladium catalyst

By aza-Michael addition of aminoalkyl-, thio-aniline, and phenol- with ynones under metal-
free conditions with high efficiency and chemical selectivity, the selective chemical preparation
of B-enaminones was achieved with a yield of up to 99% in 31 examples. From -enaminone,

the novel dual-1,5-di-substituted tri-azole scaffold was prepared subsequently [28], Scheme 9.
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single product

Scheme 9: Synthesis of f-enaminones

Relying on enaminone or 1,2-benzenediamine and on (S)-quinenamine as a chiral tertiary
amine (as a hydrogen bond donor), twenty-four new organocatalysts were prepared. By
transferring (S)-quininamine (9 examples) with the amination of N, N-dimethylanaminone,
anemone-type catalysts were prepared., whereas the |,2-benzenediamine-type catalysts were
created in three stages using (S)-quininamine and ortho-fluoronitrobenzene derivatives. Their
interest in the Michael buildup of acetylacetone to trans nitro styrene seemed hazy. Up to 72

percent of enantioselectivities were reported [29], Fig. I.
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Fig. 1: Molecular structures of enaminones 4b (left) and 4f (right)

A transition-metal-free technique for constructing 3-sub-stituted or 3,4-di-substituted
quinolinyl from widely accessible N, N - di-methyl enaminones and o-amino benzyl alcohols
is described. The explicit oxidant cyclol condensation route stands a comprehensive range of
functional groups, admitting for the capable preparation of different quinolinyl in reasonable to
appropriate product. During the oxidative cyclization route, a C(sp®) - O bond cleavage, a C=
N bind, and a C=C bond creation arise, and a mechanism has been postulated. Finally, we
established an effortless technique for the preparation of 3- substituted or 3,4- di-substituted
quinolines with adequate to good products utilizing wide accessible N, N- di-methyl
enaminones, and o-aminobenzyl alcohols supported by Ts OH /K2S20s. This direct oxidative
cyclocondensation route improved the approach for synthesizing quinolines from o-

aminobenzy1 alcohols [30], Scheme 10.
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Scheme 10: Synthesis of quinolines from B-enaminones

This research involves synthesizing one ligand and then complicating it with metals. The
ligand (L) was created by combining the ligand (L1) with 3-aminophenol, rubbing it, and then
melting it. Complexes of cobalt, nickel, copper, zinc, and cadmium ions with (L3) and 3-
aminophenol were prepared by reacting metal salts with (L3) and 3-aminophenol in ethanol.
Physical and spectroscopic techniques of the fashioned ligands and complexes, such as
electrical conductivity, magnetic sensitivity, melting points, UV-Vis spectrum, infrared (FTIR),
and nuclear magnetic resonance spectra of the proton and carbon (HNMR), were used to
establish the structures' validity ('*C-NMR) [31], Scheme 11.
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Scheme 11: Preparation of mixed ligand (L% complexes

The aza-Michael additive and intramolecular annulation of enaminones with anthranilic
has been established as a ion - technology for the preparation of 3-acyl quinolones.
Methanesulfonic acid (MSA) and sodium iodide (Sodium iodide) are also important
components of the process. This ring-opening/reconstruction process is easy to use, wide
substrate range, offers high products, and is very efficient. Finally, under transition metal ion-
free conditions, a gentle and efficient mechanism for the preparation of a wide range of 3-acyl
quinolines has been developed. By intra-molecular annulation and aza-Michael addition, the
process made effective use of a range of enaminones and anthranils, giving a series of 3-acyl
quinolines. Investigations of the mechanism indicated that there was no radical step in the
pathway. It was noted that MSA and Nal were critical to the success of the transformation [32],
Scheme [2.
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Scheme 12: Gram-scale reaction

Via Ru " - catalyzed C—H bond stimulation and successive intra-molecular C—C cyclization
of B-enaminones and 1, 3 -di-carbonyl products, iso-coumarins were prepared. With a wide
range of materials with high functional mass tolerance, selective cleavage of the enaminone C-
C bond, and mild reaction conditions the synthetic protocol has been characterized. By reacting
with PhI(OAc)., 1,3 —di-carbonyl products can generate in situ iodinium as a carbene precursor
for the preparation of multi-cyclic scaffolds where bioactive skeletons and synthetic precursors

have been prepared useful as an application of this method [33], Scheme 13.

Scheme 13: Synthesis of isocoumarins

Complexes (Mix ligand) formula [(M)(L1)(8.h.q)] were prepared where (L1) represents a
new ligand of B-enaminone and (8. h.q) represents (8-hydroxyquinoline) and (M) represents the
ions of the following transition elements [Ni (I1), Cu (I1), Co (II), Zn (I1) and Cd (I1)]. The
prepared products were diagnosed by various Devices, including; FT/IR, *H/ 3C NMR, Uv/Vis,
and CHNS, and through the results of the measurements, it was concluded that the ligand binds

with metal ions by O and N atoms outside the ring, that is, it behaves like a bi-dentate ligand

[34] , Fig. 2. o
=

s, W

/e

Fig. 2: Structure of Zn complex
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3. Diverse applications of f-enaminone ligands and their metal complexes

3.1. Anti-cancer activity and docking studies.

Green chemistry and a stereospecific synthesis route were used to create (Z) - enaminones
(amide substituted) as potential PIsK inhibitors and breast cancer medicines. Competitive
EL1SA was used to evaluate PIsK inhibition. The anticancer potential was evaluated using a
panel of cancer cell lines including MCF-7 (breast cancer), G-361 (skin cancer), and HCT 116
(colon cancer). In the PI3K experiment, 2(c and f) were indifferent to the suggested inhibitory
activity, as shown by the obtained ICso (>1.0 M). The 1Cso range (0.05 M) revealed that
compounds 2a, 2b, and 2d have excellent activity potential, but compounds 2e and 2i have a
moderate action potential 1Cso (0.1 and 0.25) respectively. The docking study suggested that
the hydrophobic interactions in the PI3K binding small were completely overpowered by the
binding attraction of the extremely powerful ligands (2a, 2d, and 2b: Ki =18.16, 56.14 and 84.87
nM, respectively). The antiproliferative activity dominance of chosen complexes (2a, 2b, and
2d) against MCF-7 was indicated by MTT test findings. The comparative activity of 2a, 2b, and
2d were equivalent to those of the standard, doxorubicin, at 84.56, 80.87, and 90.12 percent,
respectively (82.16 percent). SAR tests revealed that (Z) - enaminones (amide substituted) are

effective inhibitors of PIsK for the treatment of breast cancer [35], Fig. 3.
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Fig. 3: The structure of (Z) - enaminones (amide substituted)

The two compounds novel enaminone (PFA) and Cadmium complex (PFA-Cd), were
prepared and the results of the measurements were very consistent with their composition
through their diagnosis with various devices: FT-IR, UV-Vis, ICP/AES, TGA, *C,'H/NMR
and MS. In addition, the ligand and its complex were examined to determine their toxicity
against (MCF-7). As an anti-cancer agent compared to PFA-Cd, it was found that PFA was
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more active. To find the dominant binding pattern of the synthesized compound in the vicinity

of the DNA double helix structure, molecular docking studies were performed. By calculating
its toxicity to (MCF-7), the anticancer potential of the new enaminone and its cadmium
compound was estimated [36], Fig. 4.

AN

=

Ci

PFA-Cd

Fig. 4: synthesis of the Enaminone complex PFA-Cd

Metal complexes were prepared through the interaction of the new ligand [3- chloro -4- ((
4-methoxy phenyl) amino) pent -3- en -2- one (PA)] with metal ions Co (I1), Cd(I1) and Mo(0),
which were diagnosis by various devices such as H, 3C / NMR, UV/Vis, FAB-MS, TGA,
ICP-OES and FTIR. The ligand binds to metal ions through the N atom of the NH. group and
O of the CO group, i.e., it behaves like a bi-dentate. Tests of cytotoxic and urease inhibition
activities were also conducted for the prepared compounds, where the metal complexes showed
an octahedral geometric shape. The Co (II) compound (PA-Co) is additionally important
compared drug thiourea as a reference, as the results of the studies showed. When studying the
cobalt complex on MCF-7, Toxicity analysis showed that the compound has a higher toxicity
result than the enaminone compound and the other complexes. To find out the putative binding
mode within the target protein, molecular docking simulations were performed [37], Fig. 5.
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Fig. 5: Synthesis of Metal Complexes

The amount of education investigating the anti-cancer actions of (NPEs) N — propargylic-
peta-enaminones is incomplete despite enaminone being a significant structural metal created

in a change of pharmacologically active compounds. On human breast cancer cells the cytotoxic
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and apoptotic properties of twenty-three diverse NPEs were studied. By MTT assay,

cytotoxicity was measured, and by flow cytometry, cell cycle distributions and apoptosis were
studied. It showed positive deliveries in cancer cell (breast) identified by ADME and NPEs
analysis which means low unfractionated values, good lipophilicity values and high
bioavailability [38], Fig. 6.

Fig. 6: Strucure of f-enaminones (NPEs 9)

3.2. Anti-urease activity

New ligands (enaminone) were synthesized: (Ac-PCA)= 3-chloro-4-(4-chloro phenyl)
aminopent — 3 - en- 2 - one and (Ac-BA)= 4- (benzyl amino) -3- chloro pent — 3 - en- 2 - one
with Cu (I1), Co (I1) and Cd (Il) complexes. The antiacetylcholinesterase (AChE) and anti-
urease actions of these recently synthesized compounds were explored further. The (Ac - BA)
- Cu(I) complex was effective against AChE, but the (Ac - BA)2 - Co(Il) complex was effective
towards urease. The compounds had slight or no enzyme inhibitory action. To assess their likely
binding mechanism, the chemicals were docked into acetylcholinesterase enzymes [39], Fig.
7.

\1\ ‘#'FF' L= .

Where M= Co{ I Cdi{1T)
A= CH3 OO
R=-Ph-C1/Ph-CH2

Fig. 7: Proposed structure of 6-coordinated enaminone complexes

3.3. Antimicrobial activity

The compound enaminone 2, (E)-3-(dimethylamino)-1-(8-phenyl-8H-[l,2,4]triazolo [4, 3-a]
pyrimidine-10-y1) prop -2- en-l-one was synthesized, and reactions of enaminone 2 with
various kinds of hydrazine hydrate or hydrazonoyl chlorides yielded new substituted pyrazoles.
Enaminone was also reacted with 6- amino-2- thioxo pyrimidin -4- one to create 2-thioxo pyrido
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pyrimidinone derivative. Pyridotriazolopyrimidines are formed when the 1latter thione

derivative combines with hydrazonoyl chlorides. The reaction of enaminone 2 with
hydroxylamine yielded 5-(8-Pheny1-8H-[l,2,4]triazo10[4,3-a]perimidin-10-yl) isoxaz ole. The
structure of the new perimidine-derivatives was validated using spectroscopic and CHNS. The
anti-bacterial activity of enaminone and freshly synthesized compounds was examined, and the
findings indicated that certain derivatives are more effective than the reference medications
utilized [40], Scheme I4.
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Scheme 14: Synthesis of enaminone 2

Several pyrazoles generated from alternative enaminones were synthesized and tested for
antibacterial activity. The antibacterial effectiveness of the produced compounds was originally
tested against ATCC- 6538, NCTC- 10418, NCTC- 10400 and ATCC- 27853. Compounds (P1,
P11 and P6) showed considerable antibacterial activity in the disc diffusion experiment during
first screening. These compounds were tested for anti-bacterial effectiveness at various time
periods and offered considerable action for 6 hrs. Gram-positive bacteria were found to have
higher +e activity. At 24 hrs., however, the activity was only identified against (G+) bacteria,
except (P11), which demonstrated antibacterial effectiveness towards kinds of bacteria. P11
had the greatest antibacterial efficacy alongside both (G+) and (G-) bacteria [41], Scheme 15.
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Scheme 15: Synthesis of products (P1-P16)
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Complexes (mixed ligand) [M(L1)(Q)] and [M(L1)(Q)Cl2] were prepared where (L1)

represents a new ligand of B-enaminone and (Q) represents (8-Hydroxyquinoline ) and (M)

represents the ions of the following transition elements; Ni (I1), Co (1), Pt (1111), Cd (1) and Pd
(). The prepared products were diagnosed by various devices, including FT / IR, (*H / 3C
NMR, UV / Vis, and CHNS), and through the results of the measurements, it was concluded
that the complexes octahedral geometry except Pd (Il) complex was square planar. The
effectiveness of the prepared compounds was studied against specific types of microorganisms,
such as Escherichia coli, Staphylococcus aureus, and Candida albicans, where the complexes
showed higher effectiveness than the prepared ligand [42], Scheme 6.

H o 0
0 o w0 O 0 Ny
2 \3" Benzene;(3-4)drop of ﬁS OH
n 4 OH - —> 0 +H,0
0 glacial acetic acid
o NNA  reflux (Thrs) 85°C S cl ﬁ/\%j
HC  CHy H 5 v L 0

Scheme 16: Synthetic route for the ligand [H2L1]

Complexes (mixed ligand) [(M)(L1)(3ph)] were prepared where (L1) represents a new ligand
of B-enaminone and (3ph) represents (3-amino phenol) and (M) represents the ions of the
following transition elements [Co (I1), Ni (1I), Cu (I1), Zn (I1), and Cd (Il)]. The prepared
compounds were characterized by various devices, including (FT/IR, *H / 13C NMR, Uv / Vis
and CHNS), and through the results of the measurements, it was concluded that the ligand binds
to the metal ions through the oxygen and nitrogen atoms, that is, it behaves like a tetra-dentate
ligand. The prepared compounds were compared with the antibiotic ciprofloxacin after their
effectiveness towards microorganisms, as the biological activity of these compounds was good
[43], Fig. 8.

Fig. 8: Proposed structures of complexes

3.4. Anti-malarial activity
A new range of side chain-modified beta-aminaminone quinolines have been synthesized in

good to excellent yields. The geometry of all the prepared compounds was inferred through
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spectroscopic, X-ray crystallographic, and analytical data. The effectiveness of the prepared

compounds against malaria was tested against the chloroquine-sensitive strain D7 and the
chloroquine-resistant strain Ki. Using ivermectin as a positive control, the prepared products
were calculated aimed at their in vitro effect on microfilariae & adulticide towards adult

helminths and B. malayi microfilariae [44], Scheme I7.
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Scheme 17: Synthesis of quinoline f-enaminones

3.5. DFT Studies

Via thermally activated O-quinomethide, the study shows the preparation of enaminone-
resorcin. All enaminone units in the state (solid) share a uni-directional line of twelve intra-
molecular H-bonds that form about the cavity shown in the crystal structure. Control by
temperature and solvent in the solution where the enaminone-resorcin arene is present as a
mixture of substances conforming to the distribution. Using the DFTB / GFN2 —x TB method
and the fast semi-empirical DFT B3LYP/6-31G (d, p) method in different solvents, the results

of theoretical calculations were compared with experimental data [45], Fig. 9.

R'R'

Fig. 9: Enantiomers (P and M) of B-enaminone derivatives
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3.6. Optically luminescence

By the method of the condensation reaction of four aromatic amines with acetylacetone in
acidic media, f-enaminone compounds were prepared. To explore the luminescent emission on
organic solids, optically stimulated luminescence was used. B-Enaminones from the type of
organic crystals showed good sensitivity to beta radiation. Optically stimulated luminescence

was also recorded for these crystals [46], Scheme 18.
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Scheme 18: Synthesis of organic crystals-enaminones

Pyridinium ylides are widely known as cycloaddition reaction dipoles. In turn, instead of a
I,3-dipolar cycloaddition, the microwave-abetted collaboration of N - (cyanomethy1)-2-alkyl
pyridinium - salts with -enaminones incomes as a chain (domino) of cycloisomerization and
cyclocondensation processes. The reaction occurs in the existence of a base (NaC2Hs) and uses
safe solvents. The optical characteristics of the resultant pyrido [2, 3 -b] indo-lizines were
investigated, and it was discovered that they emit green light with high fluorescence quantum
yields [47], Scheme 9.
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Scheme 19: General plan of work

By luciferase assay, the activity of fifteen quinolin beta-enaminone derivatives towards
amastigotes and promastigotes (Leishmania) was studied. By Giemsa staining in hamsters and
BALB/c mice infected with L. donovani, reduction of organismal parasite burden was assessed.
By means of scintillation and fluorescence assays, the level of intracellular ATP and Ca?* was
determined in the activated 3D-treated promastigotes. The 3D compound could be nominated
as a promising therapeutic candidate for visceral leishmaniasis due to its inhibition of the L.

donovani mitochondrial complex to the extent of apoptosis [48], Fig. 10.
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Fig. 10: Structure of quinolinyl -enaminone derivatives

3.7. Corrosion inhibition

Through the reaction of (dimedone) and (1,2-phenylenediamine), the f-enaminone ligand
was prepared, which in turn reacted with the ions of the transition elements Mn (11), Cd (1), Co
(1N, Ni (1), Cu (1), and Zn(ll) to prepare complexes with the general formula M(L)]Cl.. The
prepared compounds were characterized by several spectroscopic methods, including From the
results of the measurements, it was found that the ligand is tetra dentate CHNS, TGA, FTIR,
UV-Vis, H, 3C /NMR. The study demonstrated the ability of the ligand to inhibit corrosion-
ordinary steel in tap water by losing weight. In addition, the effectiveness of the prepared
compounds against selected types of bacteria and fungi was studied by diffusion method [49],
Fig. 11.
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Fig. 11: The suggested chemical structure of the complexes

3.8. Nano Studies

B-enaminones and the compounds derived from them are among the most important
compounds with high biological activity. By treating aliphatic and aromatic amines substituted
with acyclic/cyclic 1,3-diketones over magnetically separable CoFe2OsNPs, high yields of
several B-enaminones (86-97 %) were obtained. The latter was created as a result of co-
precipitation. examination validated its purity, fine crystallinity, elemental distributions,
morphology, magnetic characteristics, and thermal stability. Thus, CoFe>O4 NPs were a superb
green heterogeneous nano-catalyst to produce -enaminones, with strong recyclability and little

activity loss [50], Scheme 20.
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Scheme 20: Synthesis of b-enaminones catalyzed by CoFe2O4 NPs

4. Conclusions

Through this article, B-enaminone ligands and their metal complexes were identified, with a
study of their different applications in terms of their role in biological activity, as antioxidants,
anticancer, urease, as catalysts for some reactions, and as corrosion inhibition for some metals
in acidic, alkaline, or neutral mediums, as fluorescence sensors, and DFT, Nano studies.
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Abstract:

Petrographic and diagenetic analysis of the Middle-Upper Jurassic successions (Sargelu,
Naokelekan, and Barsarin) formations and boundaries between them in the Sargelu area, Kurdistan
region, N.E. Irag was conducted based on the lithologic description, thin section analysis, and
scanning electron microscopy .The study aims to define the petrographic components and diagenetic
processes that affect the carbonate rocks of Jurassic succession in the studied section. Thirty-eight
thin sections have been prepared, with five samples selected using the S.E.M. technique to reveal
the petrographic components and diagenetic processes. The Jurassic succession is composed mainly
of carbonates (limestone and dolostone) interbedded with shale units. Petrographically, the Sargelu,
Naokelekan, and Barsarin formations are composed of skeletal grains (pelagic pelecypods,
radiolaria, calcispheres, planktonic and benthonic foraminifera such as miliolid, ostracods,
bioclasts, and stromatolites) which are the most common, in addition, non-skeletal grains such as
poloids, micritic groundmass, and recrystallized micro spars, Many diagenetic processes affected
the studied carbonate rocks such as micritization, dolomitization compaction and stylolite
formation, authigenic minerals (pyrite), cementation, neomorphism, dissolution and porosity
formation as represented by moldic, vuggy, channel and fracture porosity.

Keywords: Jurassic succession, Northeastern Irag, Sargelu area, Petrographic components,

Diagenesis, Dolomitization.
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1. Introduction:

The Jurassic successions of Iraq have great importance in terms of their petroleum system
characteristics [1-3]. Most of the petroleum exposed in Irag was sourced from Jurassic rocks
and trapped in the Cretaceous- and Tertiary-age reservoirs of the Mesopotamian Basin and the
Zagros Basin/Zagros Fold Belt [4]. Other Jurassic rocks have been considered essential
reservoirs, especially in the central and northern parts of Iraq [5]. These successions lack
detailed studies on their mineralogical and petrographic characteristics that are widely affected
by the reservoir properties of the Jurassic rocks. The petrographic study is one of the essential
means for determining the depositional environments of carbonate rocks based on microfacies

analysis. It is also used to investigate diagenesis and other factors affecting sedimentation, such
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as climate, tectonic setting, and the nature of the source rocks (provenance), particularly for the

clastic rocks [6].

The lithological composition of the Middle to Upper Jurassic successions, including Sargelu,
Naokelekan, and Barsarin formations from northeastern Iraq, consists of thin to medium
bedded, black, bituminous limestone, dolomitic limestone, and black papery shale, with narrow
beds of black chert in the upper part of the successions. The current study examines the
petrographic description using a traditional polarizing microscope supported by the SEM-EDS
(Scanner Electron Microscope, energy-dispersive X-ray spectroscopy) techniques for the
carbonate units in the studied succession to determine their petrographic components and the

main diagenetic events affecting on them.

2. Geological Setting

The study area is in Sargelu village near Dokan town, northeastern of Sulaymaniyah city in
the High Folded Zone of the Unstable Shelf of Iraq at the coordinates (35° 86' 75" N- 45 ° 16'
37" E) (Figures 1, 2). The Jurassic rocks existed in isolated patches at eroded cores and limbs
of anticlines [7, 8]. The studied middle-late Jurassic formations in Iraq were deposited during
the isolation of the central intra-shelf basin of Mesopotamia from the Neo-Tethyan Ocean time,
possibly due to renewed rifting along the N.E. margin of the Arabian Plate [8,9]. The Neo-
Tethys reached its maximum width of 4000 km during the Late Triassic to Middle Jurassic
periods [10]. Thinly and thick-bedded, bituminous black limestones, dolomitic black limestones,
stromatolitic limestones, and black papery shale beds with thin streaks of black chert in the top
part is primary lithology of the middle Jurassic Sargelu Formation in the studied area and the
Formation thicknesses about 103m as shown in Figure 3, Where The late Jurassic Naokelekan
Formation is about 16m composed in the lower unit of laminated argillaceous bituminous
limestone alternating with bituminous shale and fine-grained limestone, middle unit is consisting
of thin-bedded fossiliferous dolomitic limestone referred to as the (mottled beds) and an upper
unit is consists of thin-bedded, highly bituminous dolomite and limestone with beds of black
shale (coal horizons). The lower and upper contacts of the Naokelekan Formation are
conformable and gradational with the underlying Sargelu Formation and the overlying Barsarin
Formation [12]. Stomatolitic limestone and dolomitic limestone alternating shales, contorted and
brecciated beds, and some secondary gypsum and anhydrite form the main component of about
18m thickness in the Barsarin Formation of the studied section. The studied formations were
deposited in tidal flats (supratidal), restricted lagoons, and shallow marine to bathyal

depositional environments [13,8].
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3. Materials and Methods

The samples prepared for the thin section were selected from the carbonate units in the

studied Jurassic formations, which are comprised mainly of limestone, dolomitic limestone, and
dolomite. The petrographic study is carried out on 38 thin sections prepared from all the studied
formations, including 13 slides from the Sargelu Formation, ten slides from the Naokelekan
Formation, nine slides from the Barsarin Formation, four slides from the formation's contacts
of the buildings and two drops from Sehkanyian Formation. The petrographic description was
done at the Department of Geology and Petroleum, College of Science, Salahaddin University,
Erbil, Iraq.

At the same time, imaging was achieved at the Department of Applied Geology, College of
Science, Kirkuk University, Iraqg.

The Scanning electron microscopic study (S.E.M.) was performed on five selected samples
at Premier Corex Laboratories in Houston, U.S.A., using an F.E.l. Quanta FEG 650 FE-SEM
instrument equipped with two Bruker E.D.S. XFlash 5030 energy dispersive X-ray
spectroscopy (E.D.S.) detectors and an FEI R580 Everhart-Thornley (ETD) electron detector.

4. Results

4.1 Petrographic Description

Carbonate rocks consist mainly of grains and groundmass, which are essential for finding
depositional environments and texture types. The grains have been divided into skeletal grains,
which include fossils and their clasts, and no-skeletal grains, which include lithoclasts, grain
aggregates, and peloids [6].

4.2 Petrographic component

The ratio of the skeletal grains is varied between the studied formations. They dominate the
Sargelu Formation while are less abundant in the Naokelekan Formation and almost
disappeared from the Barsarin Formation.

The Jurassic carbonate rocks were highly affected by diagenetic processes such as
dolomitization, dissolution, and compaction [15-17]. The identified skeletal grains include
mainly fossils and fossil shells; below is a brief description of each of these components:

4.3 Pelagic pelecypods

These skeletal grains predominate in the middle and upper parts of the Sargelu Formation in
the study area. They commonly exist in shallow or deep marine environments [18] and are the
most abundant in the basinal facies from the Late Triassic-Middle Jurassic ages [19,20]. Two

types of pelecypods have been diagnosed: single valve (Halobia sp. (Figure 4a) and class
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Bivalvia (Posidonia Sp, Bositra Sp.) (Figure 4a, b), which is widely spread in the Sargelu

Formation.

4.4 Radiolaria

It is a single-celled marine organism with rigid structures, spherical shapes, and serrated,
spiny perforated walls containing lateral protrusion [21]. It generally presents in a small
proportion and is affected by diagenetic processes. It exists typically in less than 1 mm and
frequently between 0.1 and 0.2 mm in size. Radiolaria are recorded in the upper part of the
Sargelu Formation (Figure 4c) and in the lower and middle parts of the formation, where
calcispheres accompany them. It is also presented in the central part of the Naokelekan
Formation (Figure 4d). Radiolaria was found in pelagic limestones, and they are planktonic
organisms living in open marine environments [22,20].

4.5 Calcispheres

The calcareous balls or spheres belong to the group of Pithonella and are formed of minute
calcareous spherical shells devoid of openings; they belong to the Upper Jurassic-Cretaceous
in age [23]. The sizes of calcispheres range from 100-200 microns [24]. The walls consist of a
single layer of lamellar form consisting of homogeneous calcareous crystals [23,25].
Calcispheres are common in open marine environments; they are indicators for the environment
of marine settings from the edge of the continental shelf to the slope [21,26]. In the present
work, calcipheres have been found in the Sargelu and Naokelekan formations, which are absent
in the Barsarin Formation (Figure 4d, e). it was observed in the Naokelekan Formation as
coccolithophores, which is in shape that has been pointed out in the S.E.M. image.

4.6 Foraminifera

They are dominantly marine protozoa, mainly of microscopic size [6]. They are the most
significant type of microfossils because they are common in rocks. Therefore, they are useful
for dating and reconstructing sedimentary environments [27]. Petrographic study has revealed
different types of planktonic foraminifera in the Sargelu and Naokelekan formations, while
miliolid is common in the Barsarin Formation (Figure 4f), most of them are difficult to
distinguish due to the effect of diagenesis (Figure 4g). In the Sargelu limestones, planktonic
foraminifera are often tiny, consolidated spherical chambers that are filled with calcite or pyrite.
Most of them are affected by the recrystallization process and leaching, like the previous study
by [28].

4.7 Ostracods

They have been found in almost all sorts of aquatic environments and have been known since

the Late Cambrian [26]. Ostracods are useful for stratigraphic investigations because they can
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be found in a wide variety of depths and depositional settings, including marine, transitional,

and fresh waters [24,29]. Ostracods are recognized in the Sargelu Formation, especially in the

upper parts. They are commonly affected by diagenetic processes such as cementation and

compaction, resulting in filling chambers with spay calcite cement and elongation and distortion
of the shells (Figure 4h).

Figure 4. Photomicrograph illustrating

Figure 4 (a) Pelecypod's single valve long curved Halobia (red arrow) in the upper part of
the Sargelu Formation in sample (Sg-9B) Magnification, 4X, N.L. (b) Thin shelly class bivalve
pelagic pelecypod Bositra (blue arrow) in metamorphosed and dolomitized limestone in middle
part of the Sargelu Formation in sample (Sg-8B), Mag. 4X, N.L. (c) Calcitized radiolaria (white
arrow) affected by dissolution and filled with sparry calcite cement within a micritic matrix in
the lower part of the Sargelu Formation IN Sample (Sg-3B), Mag. 4X, N.L. (d) Radiolarian
(white arrow) affected by dissolution and filled with sparry calcite cement preserved as moldic
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porosity associated with calcispheres (red arrows) and authigenic pyrite in the middle part of
the Naokelekan Formation in Sample (Nk-4B), Mag. 4X, N.L. (e) walled and un-walled

calcispheres filled by granular cement (red arrow) with chert (white arrows) embedded in
micrite groundmass, the upper part of the Sargelu Formation in a sample (Sg-12B), Mag. 4X,
N.L. (f) Different types of foraminifera (planktonic, benthonic) (red arrows) highly affected by
diagenesis in the lower part of the Barsarin Formation in a sample (Br-1B) Mag., 4X, N.L. (9)
Miliolid shell highly affected by dissolution in the middle part of the Barsarin Formation in a
sample (Br-4B), Mag., 10X, N.L. (h) Spindle ostracoda (red arrow) filled with sparry calcite
cement and pelagic pelecypod with authentic pyrite in shape of black spots (white arrow), in
micrite ground mass in upper part of the Sargelu Formation in sample.

4.8 Bioclasts

They are remains of fossils that are created by the action of waves and currents in the
depositional basin, and they may provide information about the water energy, where the
rounded bioclasts denote a high energy level and flattened ones a low energy level [30,26]. The
varying ratios of their presence may be caused by the fluctuation of the current energy created
by changes in sea level [26]. In the current study, reworked bivalve skeletons and other
unidentified mollusks, some of which are phosphatized, are represented in the Sargelu
Formation (Figure 5a). They are also found in different intervals in the Naokelekan and
Barsarin formations.

4.9 Stromatolite

It is sedimentary carbonate structures of inorganic origin that developed because of
biological and chemical sedimentary processes associated with the growth and development of
benthic assemblies such as blue-green algae and anaerobic bacteria through the deposition of
calcium carbonate inside the ground or algal mats [31]. In the current study, stromatolites are
observed in the limestones of the lower and upper parts of the Sargelu Formation with braze
eye shapes (Figure 5b). It's more common in Barsarin Formation as parallel stromatolites
(laminated limestone) in the upper part of the formation and planer and crinkled (wavy)
stromatolitic limestone in the middle and lower parts of the formation (Figure 5b-c).
Microscopically, they are observed in the Barsarin Formation, which is filled by calcite cement
and organic maters (Figure 5d).

4.10 Non-skeletal grains

Peloids are inorganic grains of different shapes and sizes; they are characterized by their fine
carbonate grains of size (0.1-0.5) mm, spherical, cylindrical, or angular, without internal
structures and dark color [26]. They are frequently considered to be by-products of ooids or
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microscopic processes involving bioclast fragments [32,33]. In the current study, peloids were

found in the Naokelekan and Barsarin formations (Figure 5d).

4.11 Micrite

According to [34], micrite is a microcrystalline calcite crystal with grains typically
smaller than four m. Micrite is characterized by its brown to dark color, according to its content
of impurities, organic materials, clay minerals, and iron oxides, in addition to other factors such
as the nature of the transformational processes, sedimentation rate, and oxidation and reduction
factors [35,26]. The micritic groundmass is common in the Sargelu and Naokelekan formations
Figure (5e, f) Spray calcite cement of various sorts, such as drusy, granular, and blocky calcite

cement, have also been identified in the samples of the current study.

Figure 5. photomicrograph illustrating

Figure 5 (a) Bioclastic fragments (blue arrows) in the Sargelu Formation in a sample (Sg-
4B), 4X, N.L. (b) field photo of stromatolitic limestone with braze eyes observed in the upper
and lower parts of the Sargelu Formation. (¢) Field photo of the wavy (red arrow) and parallel
(blue arrow) stromatolitic limestone in the upper part of the Barsarin Formation in sample Br-

6. (d) Peloids (red arrows) highly affected by diagenesis chemical compaction (pressure
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solution) in the upper part of Naokelekan Formation in sample (Nk-5B), 4X, N.L. (e) Micrite

groundmass with organic material filled microfracture and pores in the Lower part of Sargelu
Formation in sample Sg-2B. 4X, N.L. (f) Micrite groundmass with bioclasts in the lower part
of Barsarin Formation sample (Br-2B). 4X, N.L.
5. Diagenesis

Diagenetic processes are defined as all biological, chemical, and physical changes affecting
sediments after deposition and before reaching the metamorphism stage [36]. There were some
important factors that affect the diagenesis processes on carbonate rocks, such as changes in
sea level levels associated with tectonic events and climate changes [37]. Carbonate minerals
are metastable minerals, and therefore, they are more highly affected by diagenesis than clastic
rocks [38]. Therefore, they rapidly respond to diagenetic processes such as cementation,
dissolution, porosity, and neomorphism that lead to the destruction of the sedimentary textures,
skeletal grains, and groundmass [35]. In the current study, the limestone, dolomite, and
dolomitic limestone of the studied Sargelu, Naokelekan, and Barsarin formations have suffered
from various types of diagenetic processes in different degrees, but it seems that severe effects
have occurred on the carbonates of the Naokelekan Formation. The main diagenetic processes
that affected the formations under study include.

5.1 Micritization

Micritization is an early diagenetic process that affects skeletal grains [39], Where the
micrite envelopes the skeletal grains or bioclasts. In marine diagenesis, micritization is a basic
process that takes place at the sediment-water interface [40] and under low-energy conditions.
Micritization is observed in all formations of the study area (Figure 6a, b).

5.2 Dissolution and porosity formation

Dissolution is considered one of the types of histochemically destructive diagenetic
processes. Dissolution is controlled by the stability of a particular mineral, the degree of fluid
saturation with the targeted mineral, fluid pressure, and temperature [24]. Melodic pores are
formed when grains dissolve completely to leave pores with shapes like the dissolved grains,
while vuggy pores are those that have irregular shapes and are formed by a dissolution process
that affects the components of the texture, as shown in (Figures 4g, h and 6b). Pore systems
in sedimentary carbonates are often complicated in terms of shape and origin [41]. Porosity
decreases by cementation and compaction, whereas it is acquired through solution,
dolomitization, and tectonic cracks. Porosity is controlled by a group of factors, the most
important of which are climate, fluctuation in sea level, the rate of gravity of sedimentary

accumulation, sedimentation, and compression. and cementation [42,43]. Primary and
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secondary porosity were noted in the carbonates of Jurassic succession in the study area. The

primary porosity includes only interparticle porosity, whereas secondary porosity is revealed
by moldic, vuggy, channels, and fracture porosity [26], as shown in (Figure 6b, c, d) and
(Figure 7A, B, C).

5.3 Chemical compaction and stylolite formation

Compaction is one of the destructive processes that commonly occurs in carbonate rocks.
The process reflects the compaction caused by the severe lithostatic load, leading to a reduction
in the porosity. According to [21], compaction is divided into two types: physical compaction
and chemical compaction. Dissolution surfaces and stylolites are formed because of the
pressure solution [24]. Stylolites result from increasing overburden sedimentation or tectonic
pressure, which affects the grains within the carbonate rock, promotes dissolution, and
propagates seams [44]. This process is noted in the Sargelu, Naokelekan, and Barsarin
formations in the form of low and high-amplitude peaks stylolite (Figure 6c, d) and (Figure
7E).

5.4 Cementation

Cementation is the diagenetic process by which voids and pores are filled by calcite cement.
The cementation process is one of the chemically similar structural processes. According to
[38,45], there are many factors that control the cementation process, which include temperature,
mechanical stress, pH, carbon dioxide pressure, type of dissolved elements, and their
concentration in the solution. In the current study, several types of cement were distinguished
based on the classification of [26], including granular, drusy, and blocky cement. This type of
cement dominantly fills the fossil's mold, pores, and fractures (Figure 6c, d).

5.5 Neomorphism

Neomorphism includes both recrystallization and inversion processes. The recrystallization
process is defined as a change in the size and shape of the crystal, which results in an increase
or decrease in the crystalline size without any change in the chemical composition [36]. It has
been recorded in the form of transformation of the fine micritic groundmass with a size of (4)
microns to a microsite with a size greater than (4) microns (Figure 6g) and (Figure 7F, G).
The occurrence of dissimilar parts of recrystallized dolomite crystals is evidence of
neomorphism (Figure 6h). Inversion is the transformation of an unstable mineral, such as
aragonite, into a stable mineral (calcite) without any change in the chemical composition. The
inversion process was observed in the three studied formations, as shown in (Figure 8a).
Neomorphism was also noted within the dolomites of the Sargelu and Naokelekan formations

in the form of the creation of dolomite crystals (i.e., aggrading neomorphism) (Figure 8b, c).
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Figure 6. Photomicrograph illustrating

Figure 6 (a) Micritization of skeletal grains (white arrows) in the lower part of the Naokelekan
Formation sample (Nk-2B), 4X, N.L. (b) Micrite envelop (rim) (white arrow) surrounding
Ostracoda in the middle part of the Sargelu Formation in the sample (Sg-7B), note high effect
by dissolution process leaving melodic porosity (red arrow). Authigenic pyrite in the shape of
black spots also exists, 4X, N.L. (¢) Chemical compaction led to stylolite formation in low and
high amplitude types and filled by organic material in the middle and upper parts of the Barsarin
Formation in sample (Br-3B), 4X, N.L. (d) Chemical compaction and stylolite formation of
high amplitude type filled by organic material in the upper part of the Naokelekan Formation
in the sample (Nk-5B), 4X, N.L. (e) Fracture filled by drusy calcite cement in the lower part of
the Naokelekan Formation within micrite groundmass in the sample (Nk-2B), 4X, N.L. (f)
Sparry calcite cement (blocky cement) (red arrow) filled an ostracoda within micrite
groundmass in the upper part of the Sargelu Formation in sample (Sg-12B), 4X, N.L. (Q)
Neomorphism (recrystallization) of micrite groundmass and transformation to microsite in the

middle part of the Barsarin Formation in the sample (Br-3B), 4X, N.L. (h) Neomorphism
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(recrystallization) of micrite groundmass and transformation to separate in the middle part of

the Sargelu Formation with dolomitization and compaction processes in the sample (Sg-8B),
4X, NL.

5.6 Dolomitization

Dolomitization is one of the important diagenetic processes in Jurassic formations in the
studied area, with extensive and pervasive dolomitization with a variety of crystal sizes,
especially in the Naokelekan Formation, leading to the disappearance of the main skeletal and
non-skeletal grains. Different kinds of dolomites were observed in the examined samples, such
as scattered fine-grained dolomite rhombs,_floating rhomb fabric, and sutured mosaic fabric
dolomite (Figure 7H) and (Figure 8b, c, d, e, f).

Figure 7. Scanning electron micro images (S.E.M.) illustrating

(A) Common pores (P) referring to the dissolution process and illite-mica (I.M.) with
common carbonate (c) in sample TZ-1A. (B) Micro vein (red arrows) filled by a cluster of
calcite crystals, euhedral hexagonal and columnar crystals relating to the cementation process

and embedded in the micritic groundmass, sample Sg4A. (C and D) S.E.M. and E.D.X.
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microimages for sample Sg4A show common radiolarian shells in different sizes with fine

fractures (f) and pores (p). In D, the same locations of red arrows refer to silica content (Si), the
main composition of the radiolarian shell. (E) Chemical compaction and stylolite formation
(red arrow) in sample Br-5A. (F) Cementation in nannofossil shell (coccolith shell) and other
different types with recrystallization of fine calcite grain in sample Nk-4A (G) cementation of
fossil shell (red arrows) with recrystallization of fine calcite grain, dissolution and porosity
formation of fossils (p) and in sample Br-5A. (H) Dolomitization in very fine dolomite rhombs
(black arrows), with fracturing in sample Nk-1

5.7 Anthogenesis

Authigenic minerals are created in many of the studied rocks. These minerals are formed
diagenetically by local chemical reactions [26,27]. Pyrite is the common authigenic mineral in
the studied rocks; this mineral is formed when dissolved sulfide from microbial sulfate reaction
reacts with detrital iron-bearing minerals in anoxic marine sediments [46]. Pyrite is common in
the Sargelu and Barsarin formations as patches and framboidal pyrite (Figure 8g, h), which are

composed of tightly packed spherical or sub-spherical clusters of pyrite crystals [47].

Figure 8. Photomicrograph illustrating
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Figure 8 (a) Neomorphism, authigenic pyrite, and dolomitization in the upper part of the

Sargelu Formation in the sample (Sg-9B), 4X, N.L. (b) Selective dolomitization, scattered fine-
grained dolomite rhombs dolomitization neomorphism process affected the micrite matrix in
the upper part of the Sargelu Formation in the sample (Sg-10B), 4X, N.L. (¢) Floating rhomb
dolomite fabric in the lower part of the Naokelekan Formation, neomorphism embedded in
micritic groundmass in the sample (Nk-1B) 4X, N.L. (d) Subhedral-euhedral dolomite rhomb
in the middle part of the Naokelekan Formation in sample (Nk-3B), 4X, N.L. (e¢) Dolomitization
in the middle part of the Barsarin Formation affecting skeletal grains filled with organic material
in sample (Br-4B), 10 X, NL. (f) Dolomitization in the middle part of the Barsarin Formation
affects skeletal grains filled with organic material in the sample (Br-4B),10 X, NL. (g) Pyritized
radiolarian shell in the middle part of the Sargelu Formation in the sample (Sg-6B), 10 X, NL.
(h) Packed spherical or sub-spherical clusters of pyrite crystals in the lower part of the Barsarin

Formation in the sample (Br-2B), 10 X, NL.

6. Discussion

The Sargelu Formation lithological is made up of thin-bedded, bituminous black limestones,
dolomitic black limestones, and black papery shales with thin black chert streaks in the top part.
The depositional environment was primarily anoxic marine [8]; this is supported by the
recognized petrographic components, including pelagic pelecypods, radiolarian, and
calcipheres organisms. Naokelekan Formation consists of argillaceous bituminous limestone
and dolostone alternating with bituminous shale and fine-grained limestone, while Barsarin
Formation is composed of stromatolitic limestones and evaporite layers [11]; according to [48],
the Naokelekan Formation was deposited in restricted tidal flats and lagoons, marshes, and
euxinic saline swamps. This suggestion can be supported in this study by the presence of
peloids, which are commonly present in protected environments such as lagoons, tidal flats, and
other quiet environments [24]. On the other hand, the overall characteristics of the Naokelekan
microfacies indicate that formation was deposited in two different environments: the shallow
marine subtidal environment in the lower and upper parts and the outer shelf in an euxinic
environment in the middle part [16, 49]. The upper part of the Barsarin Formation was deposited
in an intertidal environment, whereas the lower part of the formation was deposited in the
shallow subtidal environment [50].

Mineralogically, variation in the composition of the middle to upper Jurassic Sargelu,
Naokelekan, and Barsarin formations from northeastern Iraq demonstrates the influence of the
source area, the depositional environment, and the paleoclimatic conditions [51], the presence
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of calcite and dolomite reflect the deposition in such restricted and evaporative conditions

[52,53]. The predominance of illite-mica and kaolinite clay minerals with other components such
as quartz and feldspars reflect the contribution of felsic igneous rocks and the prevalent
environment, which can be recognized by variation between hot, arid, and humid climates, where
the development in quartz and feldspars in the area which are both related to felsic igneous rocks,
may be associated to a provenance where felsic rocks from the Rutba Uplift and/or Arabian Shield
predominate [51,54].

The petrographic study revealed the variation in the petrographic components reflects the
range of the diagenetic processes that affected the studied formations, leading to difficulty in
identifying them due to the destruction of most of the skeletal grains as in Naokelekan
Formation, which is highly affected by diagenesis.

The detected skeletal grains in the studied formations primarily consist of fossils and fossil
shells, including radiolaria, calcispheres of different sizes, benthonic foraminifera such as
(Milioliad) and different types of unrecognized planktonic due to diagenetic effect, ostracods,
bioclasts, pelagic pelecypods (Bositra and Halobia) and two types of stromatolites parallel and
wavy stromatolites all these components are embedded in a groundmass of micrite and
microsparite. Where the non-skeletal grains only recognized peloids.

The diagenetic processes that affected these components occasionally had a very strong
impact on these components, making it harder to recognize the grain or such as micritization,
dissolution and porosity formation, cementation, compaction (pressure solution),
neomorphism, dolomitization, and authigenic minerals.

7. Conclusions

The Jurassic succession in the Sargelu section comprises petrographic constituents
represented by skeletal grains, which are very common, especially in the Sargelu Formation;
these include pelecypod, radiolaria, planktonic foraminifera, benthonic foraminifera, bioclasts,
and calcispheres and stromatolites as well as non-skeletal grains, such as peloids. All these
components are in two recognized types: micrite and microsite groundmass. Dissolution and
porosity formation, cementation, neomorphism, dolomitization, compaction and stylolite
formation, and authigenic minerals such as (pyrite) are mainly the kinds of diagenetic processes
that had a significant effect on the carbonates of these formations.

8. References

[1] Al-Ameri TK, Zumberge J. Middle and Upper Jurassic hydrocarbon potential of the
Zagross Fold Belt, North Irag. Mar Pet Geol [Internet]. 2012;36(1):13-34. Available
from: http://dx.doi.org/10.1016/j.marpetgeo.2012.04.004

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

168



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Rasool RH, Ali SA, Al-Juboury Al. / Al-Kitab Journal for Pure Sciences (2023); 7(2):153-172.

P,

[2] Al-Juboury Al, McCann T. Petrological and geochemical interpretation of Triassic-
Jurassic boundary sections from northern Iraq: TRIASSIC-JURASSIC BOUNDARY OF
NORTHERN IRAQ. Geol J [Internet]. 2015;50(2):157-72. Awvailable from:
http://dx.doi.org/10.1002/gj.2537

[3] Abdula RA, Soran University. Source rock assessment of naokelekan formation in Iraqi
Kurdistan. J Zankoy Sulaimani - A [Internet]. 2016;19(1):103-24. Available from:
http://dx.doi.org/10.17656/jzs.10589

[4] Pitman JK, Steinshouer D, Lewan MD. Petroleum generation and migration in the
Mesopotamian Basin and Zagros Fold Belt of Iraq, results from abasin-modeling study,
GeoAvrabia, Gulf PetroLink. Vol. 9. Bahrain; 2004.

[5] Al-Nagib SQ, Al-Juboury Al. A new look on the Jurassic formations of the western part
of lraq. Arab J Geosci [Internet]. 2014;7(2):559-88. Awvailable from:
http://dx.doi.org/10.1007/s12517-012-0820-2

[6] Tucker ME. Sedimentary petrology, an introduction, Blackwell Scientific publications.
Blackwell Scientific publications. 1981,

[7] Numan NMS. Cretaceous tectonic events in Iraq. Rafidain Jour Sci. 2000;11(3):32-54.

[8] Jassim, S.Z. and Goff, C. Geology of Irag. Dolin, Prague and Moravian Museum, 2006.
Brno.

[9] Ali SA, Buckman S, Aswad KJ, Jones BG, Ismail SA, Nutman AP. The tectonic evolution
of a Neo-Tethyian (Eocene-Oligocene) island-arc (Walash and Naopurdan groups) in the
Kurdistan region of the Northeast Iraqi Zagros Suture Zone. The Island Arc. 2013;22:104-
e125.

[10] Ali SA, Nutman AP, Aswad KJ, Jones BG. Overview of the tectonic evolution of the
Iragi Zagros thrust zone: Sixty million years of Neotethyan ocean subduction. J Geodyn
[Internet]. 2019;129:162-77. Available from:
http://dx.doi.org/10.1016/j.j0g.2019.03.007.

[11] Bellen VRG, Dunnington HV, Wetzel R, Morton DM. Lexique Stratigraphic
International, V.3, Asie Fascicule loa-Irag. Vol. 333. Paris; 1959.

[12] Sharezwri AO, Nourmohammadi MS, Abdula R.A. Facies Analysis and Depositional
Environment of the Upper Jurassic Naokelekan Formation in Two Selected Outcrop
Sections from Kurdistan Region, Ne Irag. Iragi Bulletin of Geology and Mining.
2019;16:1-14.

[13] Omar N, McCann T, Al-Juboury Al, Franz SO, Zanoni G, Rowe H. A comparative
study of the paleoclimate, paleosalinity and paleoredox conditions of Lower Jurassic-
Lower Cretaceous sediments in northeastern Iraq. Mar Pet Geol [Internet].
2023;156(106430):106430. Available from:
http://dx.doi.org/10.1016/].marpetge0.2023.106430.

[14] Fouad S.F. Tectonic Map of Irag. Iraqi Bulletin of Geology and Mining. 2015;1:1-8.

[15] Balaky SM. Sequence stratigraphic analyses of Naokelekan Formation (Late Jurassic),
Barsarin area, Kurdistan region—Northeast Irag. Arab J Geosci [Internet].
2015;8(8):5869-78. Available from: http://dx.doi.org/10.1007/s12517-014-1638-x.

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

169



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
http://dx.doi.org/10.1016/j.jog.2019.03.007
http://dx.doi.org/10.1016/j.marpetgeo.2023.106430
http://dx.doi.org/10.1007/s12517-014-1638-x

Rasool RH, Ali SA, Al-Juboury Al. / Al-Kitab Journal for Pure Sciences (2023); 7(2):153-172.

e —

[16] Abdula R.A. Stratigraphy and lithology of Naokelekan Formation in Iragi Kurdistan
Review. Thelnternational Journal of Engineering and Sciences. 2016;5:7-17.

[17] Omar N, Mccann T, Al-Juboury Al, Franz SO. Petrography and geochemistry of the
Middle- Upper Jurassic Banik section, northernmost Iraq - Implications for palaeoredox,
evaporitic and diagenetic conditions. Neues Jahrbuch fur Geologie und Paléontologie
Abhandlungen. 2020(2):125-52.

[18] Molina JM, Reolid M, Mattioli E. Thin-shelled bivalve buildup of the lower Bajocian,
South Iberian paleomargin: development of opportunists after oceanic perturbations.
Facies [Internet]. 2018;64(3). Available from: http://dx.doi.org/10.1007/s10347-018-
0532-5.

[19] P. J. B. J. L. Wilson 1975. Carbonate Facies in Geologic History. xiv + 471 pp., 183
figs, 30 pls. Springer-Verlag, Berlin, Heidelberg, New York. Price DM 90.00 ISBN 3 540
07236 5. Geol Mag [Internet]. 1976;113(6):584-5. Available from:
http://dx.doi.org/10.1017/s0016756800041406.

[20] Kuhry B, Declercq SWG, Dekker L. Indications of current action in Late Jurassic
limestones, Radiolarian limestones, Saccocoma limestones, and associated rocks from the
Subbetic of SE-SPAIN. Jour Sed Geology. 1976;15:235-58.

[21] Flugel E. Microfacies Analysis of Limestones. Heidelberg: Springer; 1982.

[22] Bishop BA. Petrography and origin of Cretaceous limestones, Sierra de Picachos and
vicinity, Nuevoleon, Mexico. Jour Sed Pet. 1972;42(2):270-86.

[23] Hart MB. The Late Cenomanian Calcisphere global bioevent, Ussher, Soc. J.
1991;(7):413-7.

[24] Flugel, E., Microfacies of carbonate rocks: analysis, interpretation and application, 2
and. Edition: Springer- Verlage, Berlin, 2010.

[25] Scholle PA, Ulmer - Scholle DS. A Color Guide to the Petrography of Carbonate Rocks:
Grains, Textures, Porosity, Diage nesis, A.A.P.G. Memoir - 77. Vol. 474. Tulsa,
Oklahoma, U.S.A.; 2003.

[26] Flugel, E. Microfacies of carbonate rock, analysis, interpretation and application,
Springer-Verlag, Berlin; 2004, 976.

[27] Edgar K, Bohaty S, Gibbs S, Sexton P, Norris R, Wilson P. Symbiont "bleaching” in
planktic foraminifera during the Middle Eocene Climatic Optimum. Geology.
2013;41(1):15-8.

[28] Balaky S.M.H. Stratigraphy and sedimentology of Sargelu formation (Middle Jurassic)
in selected sections in Erbil and Duhok Governorates-lraq Kurdistan. M. 2004.

[29] Awadeesian A.M.R., Al-Jawed S.N.A., Saleh AH, Sherwani G.H. Mishrif carbonates
facies and diagenesis glossary, South Iraq microfacies investigation technique: types,
classification, and related diagenetic impacts. Arab J Geosci [Internet].
2015;8(12):10715-37. Available from: http://dx.doi.org/10.1007/s12517-015-1954-9.

[30] Maikliem WR, Bebout DG. Glaister Classification of anhydrite: A practical approach.
Bull Can Pet Geol. 1969;17(2):194-233.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

170



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
http://dx.doi.org/10.1007/s10347-018-0532-5
http://dx.doi.org/10.1007/s10347-018-0532-5
http://dx.doi.org/10.1017/s0016756800041406
http://dx.doi.org/10.1007/s12517-015-1954-9

Rasool RH, Ali SA, Al-Juboury Al. / Al-Kitab Journal for Pure Sciences (2023); 7(2):153-172.

e —

[31] Bosak T, Knoll AH, Petroff AP. The meaning of stromatolites. Annu Rev Earth Planet
Sci [Internet]. 2013;41(1):21-44. Available from: http://dx.doi.org/10.1146/annurev-
earth-042711-105327.

[32] Zadeh, P.G., Adabi, M.H., Sadeghi, A., Microfacies, geochemistry and sequence
stratigraphy of the sarvak formation (mid cretaceous) in the kuh-e siah and kuh-e mond,
fars area, southern Iran. J. Afr. Earth Sci, 2019, 160, 103634.

[33] Ahmad F, Quasim MA, Ahmad AHM. Microfacies and diagenetic overprintsmin the
limestones of middle Jurassic fort member (jaisalmer formation), western Rajasthan,
India: implications for the depositional environment, cyclicity, and reservoir quality. Geol
J. 2021;56(1):130-151.

[34] Folk, R.L., Practical petrographic classification of limestone. A.A.P.G, Bull.
1959;43(1):1-38.

[35] Boggs SJ. Principles of Sedimentology and Stratigraphy. Pearson Prentice - Hall; 2006.

[36] Larsen G, Chillinger GV. Diagenesis in sedimentary rocks. Development in
Sedimentology. 1979;25:1-29.

[37] Blatt, H. Sedimentary Petrology, Freeman, San Francisco, 1982, 564.

[38] Bathurst R.G.C. Carbonate Sediment and Their Diagenesis, Development in
Sedimentology 12. Development in Sedimentology. 1975;12.

[39] Tucker ME. Black well scientific publ. An introduction. 1985;3.

[40] Samankassou E, Tresch J, Strasser A. Origin of peloids in Early Cretaceous deposits,
Dorset, South England. Facies [Internet]. 2005;51(1-4):264-74. Available from:
http://dx.doi.org/10.1007/s10347-005-0002-8.

[41] Choquette PW, Pray LC. Geologic nomenclature and classification of porosity in
sedimentary carbonates. Pettijohn, F J. 1970;54.

[42] Tucker ME. Sedimentary petrology: an introduction to the origin of sedimentary rocks.
Blackwell Science, Oxford, and Northampton. 2001;262.

[43] Machel HG. The geometry and petrogenesis of dolomite hydrocarbon reservoirs.
Brathwaite C.J.R., Rizzi G, Darke G, editors. Vol. 235. Geo. Soc. Lond. Spec; 2004.

[44] Sadd J, Alsharhan AUAE, Embry AF, Klovan J. A late Devonian reef tract on
northeastern Banks Island. Bulletin of Canadian Petroleum Geology. 1971;19(4).

[45] Lingman, M.W., Carboante diagenetic textures from upper near surface diagenetic
environment. A.A.P.G. Bull, 1980; 64(4):461-486.

[46] Berner RA. Principles of Chemical Sedimentology. Mc Graw Hill Book Company;
1971.

[47] Wilkin RT, Barnes HL. Formation processes of framboidal pyrite. Geochim
Cosmochim Acta [Internet]. 1997;61(2):323-39. Available from:
http://dx.doi.org/10.1016/s0016-7037(96)00320-1.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

171



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
http://dx.doi.org/10.1146/annurev-earth-042711-105327
http://dx.doi.org/10.1146/annurev-earth-042711-105327
http://dx.doi.org/10.1007/s10347-005-0002-8
http://dx.doi.org/10.1016/s0016-7037(96)00320-1

Rasool RH, Ali SA, Al-Juboury Al. / Al-Kitab Journal for Pure Sciences (2023); 7(2):153-172.

e —

[48] Al-Badry AM, Stratigraphy G, Of J. Selected Sections-North Irag. Ph.D. dissertation
(unpublished). Vol. 183. Baghdad, Iraq; 2012.

[49] Dohan AH, Kadhim LS, Hassan FN. Microfacies and Diagenetic Processes of the Late
Jurassic Naokelekan Formation in selected wells at Balad, Ajil and Baiji Qilfields, Central
Irag. Central Iraq Tikrit Journal of Pure Science. 2022(4):60-9.

[50] Daoud HS, Karim KH. Types of Stromatolites in the Barsarin Formation (Late Jurassic).
Iragi Bulletin of Geology and Mining. 2010;6-7.

[51] Rasool RH, Ali SA, Al-Juboury Al. Mineralogy of the middle to upper Jurassic
succession from Sargelu section, northeastern Iraq. lIraqi National Journal of Earth
Science. 2023.

[52] Warren J. Occurrences, evolution and economically important association. Earth
Science reviews. 2000;1-81.

[53] Asaad IS, Al-Juboury Al, Bal Akkoca D, Jha P. Petrography and mineralogy of rinded
ferrous-carbonate concretions in the Middle Eocene carbonate rocks: A case study from

the Avanah Formation in north-east Erbil City, northern Iraq. Geol J [Internet].
2022;57(8):3021-32. Available from: http://dx.doi.org/10.1002/gj.4463.

[54] Ali SA, Ismail SA, Nutman AP, Bennett VC, Jones BG, Buckman S. The intra-oceanic
Cretaceous (7108 Ma) Kata-Rash arc fragment in the Kurdistan segment of Iragi Zagros
suture zone: implications for Neotethys evolution and closure. Lithos. 2016;260:154—63.

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

172



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
http://dx.doi.org/10.1002/gj.4463

Al-Kitab Journal for Pure Sciences (2023); 7(2):173-183.
https://doi.org/10.32441/Kkjps.07.02.p13

AlKstab Journal for Pure Sciences

IAS

KJPS 7

u-;;!mm ISSN: 2617-1260 (print), 2617-8141(online) A
N A =

AR https://isnra.net/index.php/kips i ) dumralS ) Sk

Simultaneous determination of Guaifenesin, codeine
phosphate, phenylephrine hydrochloride, and sodium
benzoate in syrup pharmaceutical form by RP-HPLC

Ali E. Karim?, Muthana S. Ali?, Maiser Z. Mohye?, Azza M. Al-metwali3, Salah N. Ibrahim *

!Department of Physiology and Biochemistry, College of Veterinary Medicine, Diyala University, Baquba, Iraq
2Department of Science, College of Basic Education, Diyala University, Baquba, Iraq
3Department of Chemistry, College of Education for Pure Science, University of Diyala, Baquba, Iraq

*Corresponding Author: basicscil8@uodiyala.edu.ig

Citation: Ali MS, Karim AE, Mohye MZ, Al-metwali AM,  Keywords: (RP-HPLC, method validation,

Ibrahim SN. Simultaneous determination of Guaifenesin, Guaifenesin, codeine phosphate, phenylephrine,
sodium benzoate.

codeine phosphate, phenylephrine hydrochloride, and sodium . -
phosp pheny’ep 7 Article History

benzoate in syrup pharmaceutical form by RP-HPLC. Al-Kitab].  gaaived 23 Oct. 2023

Pure Sci. [Internet]. 2023 Dec 13 [cited 2023 Dec 13];7(2):173-183.  Accepted 01 Dec. 2023

Available from: https://doi.org/10.32441/kjps.07.02.p13. Auvailable online 13 Dec. 2023

ntn eatecommens rgeemsesou/as) O
Abstract:

This work describes the development of the RP-HPLC method for the simultaneous estimation
of Guaifenesin, codeine phosphate, phenylephrine, and sodium benzoate. This method separates
Guaifenesin, codeine phosphate, phenylephrine, and sodium benzoate nicely. This RP-HPLC
method uses the Shimadzu HPLC instrument with Chromegabond WR C18 column 5 pm 120 A
30 cm * 3.9 mm. The mobile phase is a mixture of 1% o-phosphoric acid, methanol: acetonitrile (80
: 10: 10), and the pH was adjusted to 3.1. Isocratic elution mode was used with 1 ml/min as the flow
rate. The detection for all compounds is carried out at 254 nm. The retention time of Guaifenesin,
codeine phosphate, phenylephrine, and sodium benzoate was 14.11, 5.75, 3.9, and 20.52,
respectively. The method has been validated concerning accuracy, linearity, and precision. This
method is simple, accurate, and reproducible. This validated method was used to estimate these
drugs in syrup pharmaceutical form.

Keywords: RP-HPLC, method validation, Guaifenesin, codeine phosphate, phenylephrine,

sodium benzoate.
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1. Introduction:

Guaifenesin, 3-(2-methoxyphenoxy)-propane-1,2-diol, is used as an expectorant for the
symptomatic relief of respiratory problems. Its formula is C1oH1404. Its molecular weight is
198.21. It is white or slightly crystalline with a grey color [1]. Codeine phosphate is known as
7,8-dihydro-4,  5-epoxy-3-methoxy-17-methylmorphinan-6-ol  dihydrogen  phosphate
hemihydrate. It is used as a narcotic analgesic [2]. Phenylephrine hydrochloride is 1-(3-
hydroxyphenyl)-2-methylamino-ethanol hydrochloride. The formula is C9H13NO2HCI.
P.H.E. decreases nasal congestion and improves drainage of sinus cavities [2-4]. Sodium
benzoate is a chemical that is used in pharmaceutical preparation as a preservative [2, 3] to
decrease the microorganism development [5-7]. The literature review reveals many HPLC
methods are reported for the determination of Guaifenesin, codeine phosphate, phenylephrine,
and sodium benzoate individually and in a mixture of Guaifenesin alone and in combination
with other drugs [8-12]. Phenylephrine hydrochloride alone and mixing with other drugs [13-
14] Codeine phosphate alone and in combination with other drugs [15-18]. The combination of
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Guaifenesin, codeine phosphate, phenylephrine, and sodium benzoate has not been published

in U.S. and B.P. pharmacopeia. No RP-HPLC method has been published for the simultaneous
estimation of Guaifenesin, codeine phosphate, phenylephrine, and sodium benzoate. Therefore,
it is necessary to come up with a rapid method for the analysis of these drugs in liquid
pharmaceutical formulations. Two main aspects that are important in the determination of the
shelf life of the drug are the concentration of the active ingredient and the stability study. A
stability test sample was done using this method, according to the guidelines of the International
Conference on Harmonization (ICH) [19]. This method will be used to separate Guaifenesin,
codeine phosphate, phenylephrine, and sodium benzoate from each other. This method has been
validated and successfully applied for quantification of the active ingredient and the
preservative in liquid pharmaceutical form. The aim of this research is to develop an RPHPLC
method for the simultaneous determination of Guaifenesin, codeine phosphate, phenylephrine

hydrochloride, and sodium benzoate.

2. Experimental

2.1 Chemicals and reagents

The working standards are obtained from Wadi al- rafidain for pharmaceutical products —
Irag- Baghdad. Guaifenesin purity is (99.93%). Codeine phosphate purity is (99.51%).
Phenylephrine HCI purity is (99.34%). Sodium benzoate purity is (99.58%). O-phosphoric acid
was purchased from Sigma Aldrich. Acetonitrile and methanol were purchased from ISOLAB
GmbH, Germany. All chemicals were purchased HPLC grade.

2.2 Instrumentation

The HPLC instrument has been used in SHIMADZU, Japan, with a diode array detector.
The spectrophotometer was UV-Vis Spectrophotometer Shimadzu 1800 with U.V. probe
software. Analytical balance was used by Shimadzu. pH meter was used by W.T.W. Germany.
All the glass wares used were from ISOLAB.

2.3 Standard solution

A Standard Stock Solution of Guaifenesin was prepared by using 200 mg and dissolving it
with mobile phase in a 50 ml volumetric flask to obtain a concentration of 4 mg/ml. A stock
solution of sodium benzoate was prepared by dissolving 100 mg with mobile phase in a 50 ml
volumetric flask to obtain a concentration of 2 mg/ml. Standard Stock Solutions for Codeine
phosphate and Phenylephrine HCI were prepared using mobile phase to obtain concentration
(Img/mL). A standard solution of 2 mg/mL Guaifenesin, 0.2 mg/mL codeine phosphate,0.1
mg/mL Phenylephrine HCI, and 0.5 mg/mL sodium benzoate was prepared from the stock
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solutions. Calibration standards solutions at five different concentrations have been prepared

by diluting stock standard solutions with a concentration range of 0.25 mg/mL —4 mg/mL for
Guaifenesin, 0.05 mg/mL - 1 mg/mL Codeine phosphate, 0.025 mg/mL -0.5 mg/mL
Phenylephrine HCI, and 0.125 mg/mL - 2 mg/mL for sodium benzoate. Samples in triplicates
have been made for each concentration. The calibration curve was prepared by plotting the peak
areas versus the concentrations.

2.4 Assay Procedure for Syrup

10 ml syrup equivalent to 200 mg guaifenesin, 20 mg codeine phosphate, 10 mg
Phenylephrine HCI, and 50 mg sodium benzoate were dissolved in a 100 volumetric flask using
mobile phase. The solution was sonicated for 10min and filtered using 0.45um syringe filter.

The solution was injected, and peak areas were measured.

3. RESULTS AND DISCUSSION

3.1 Method Development

Several chromatographic conditions were changed in each experiment to achieve the best
efficiency. Parameters like wavelength, column, mobile phase, and pH have been optimized.
Different proportions of buffer and solvents have been experimented with to achieve the best
mixture of the mobile phase. The mixture of 1% o-phosphoric acid: methanol: acetonitrile (80:
10: 10) and pH adjusted to 3.1 has been selected to be the mobile phase. Isocratic elution mode
was used with a flow rate of 1 mL/min. The optimum wavelength was selected at 254 nm,
which is the best detector response that has been achieved for all drugs.

3.2 Selectivity

The result shows that drugs have been separated from the excipients nicely, as shown in

Figure 1. This HPLC method has been found to be selective.

<Chromatogram>
mAU . .
Guaifenesin I
9 PDA Multi 1 254nm,4nm
_ IS
Phenylephrine HCI . Sodium
- ? Codein ‘
benzoate
: phosphate
Absorbance _
( mAU) R

I\

0 5 10 15 20 25 ‘
Retention time in min mn

Figurel. RPHPLC chromatogram of Guaifenesin, Codeine phosphate, Phenylephrine HCI,
and sodium benzoate.
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3.3 Linearity
The linearity of calibration curves was checked in the ranges of 0.25 —4 mg/ml for

Guaifenesin, 0.05 - 1 mg/ml Codeine phosphate, 0.025 -0.5 mg/ml Phenylephrine HCI, and

0.125 - 2 mg/ml for sodium benzoate. Results in Figure (2,3,4,5) show that the calibration

curves have been linear in the tested range.

Guaifensin
© 100000000
()
et y = 1E+07x - 53764
< 50000000
i
n. 0 T T T T T 1
0 1 2 3 4 5
Concentration in mg/ml
Figure2. Calibration curve of Guaifenesin
Codeine phosphate
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o R?=0.9997
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4
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Figure3. Calibration curve of Codeine phosphate
Phenylephrine
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5] /

g O T T T T T T 1

0 0.1 0.2 0.3 0.4 0.5 0.6
Concentration in mg/ml

Figure4. Calibration curve of phenylephrine hydrochloride

Sodium benzoate
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Figure5. Calibration curve of sodium benzoate.
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3.4 Accuracy
The accuracy of this reported method has been validated using recovery studies. Results in

Tables 1,2, 3, and 4 show that this method is significant.

Table 1: Accuracy for Guaifenesin.

Conr%z]r}:;&;flon Calcul;tg;jm(ionc in Recovery Rgg\//.e%%

1.6 1.588 99.25

1.6 1.592 99.50

16 1.590 99.375 99.675
16 1.596 99.75

16 1.608 100.5

2 1.995 99.75

2 2.011 100.55

2 2.006 100.30 100.06
2 1.996 99.80

2 1.998 99.90

2.4 2.396 99.833

24 2412 100.5

2.4 2.394 99.75 100.058
2.4 2.397 99.875

2.4 2.408 100.333

Table 2: Accuracy for codeine phosphate.

Concentration Calculated Conc in Recovery AV.R.
mg/mL mg/mL Recovery%
0.16 0.1596 99.75
0.16 0.1611 100.68
0.16 0.1593 99.56 100.046
0.16 0.1607 100.43
0.16 0.1597 99.81
0.2 0.1992 99.6
0.2 0.1996 99.8
0.2 0.2014 100.7 99.86
0.2 0.1991 99.55
0.2 0.1993 99.65
0.24 0.2386 99.41
0.24 0.2406 100.25
0.24 0.2391 99.62 99.73
0.24 0.2396 99.83
0.24 0.2389 99.54
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Table 3: Accuracy for phenylephrine hydrochloride.

Concentration mg/mL Calculated Conc in Recovery AV.R.
mg/mL Recovery%
0.08 0.07982 99.77 99.63
0.08 0.07936 99.2
0.08 0.07932 99.15
0.08 0.08016 100.2
0.08 0.07988 99.85
0.1 0.1012 101.2 99.96
0.1 0.09964 99.64
0.1 0.09982 99.82
0.1 0.09924 99.24
0.1 0.09992 99.92
0.12 0.1191 99.25 99.51
0.12 0.1190 99.16
0.12 0.1196 99.66
0.12 0.1193 99.41
0.12 0.1201 100.08

Table 4: Accuracy for sodium benzoate.

Concentration mg/mL Calculated Conc in Recovery AV.R.
mg/mL Recovery%
0.4 0.3972 99.3 99.27
0.4 0.3968 99.2
0.4 0.3962 99.05
0.4 0.3992 99.8
0.4 0.3960 99
0.5 0.4992 99.84 99.68
0.5 0.4984 99.68
0.5 0.5022 100.44
0.5 0.4972 99.44
0.5 0.4950 99
0.6 0.5962 99.36 99.33
0.6 0.5944 99.06
0.6 0.5988 99.8
0.6 0.5966 99.43
0.6 0.5942 99.03

3.5 Robustness
Robustness was determined using different experimental conditions. The flow rate and the

pH were changed on the same day to obtain the best result.
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3.6 Specificity
The syrup was analyzed and separated with good resolution. No interferences were shown
between the peaks, and that indicates that the method is specific. No interferences are shown

between the active ingredients and the excipients.

3.7 Precision

Six injections of the same standard concentration have been injected to check the precision
of this method. As shown in Table 5, the R.S.D. % for Guaifenesin 0.18 %, codeine phosphate
0.21 %, phenylephrine 0.157, and sodium benzoate 0.314 is not more than 1%, and that
indicates that this method is precise.

Table 5. Precision of the method

Repeatability
o guaifenesin codeine phosphate phenylephrine sodium benzoate
Injection
Conc Conc Conc Conc
number Area Area Area Area
mg/ml mg/ml mg/ml mg/ml
1 2 24692488 0.2 3136006 0.1 980413 05 12916302
2 2 24631822 0.2 3129028 0.1 981934 0.5 12816336
3 2 24611646 0.2 3139982 0.1 981906 0.5 12886284
4 2 24682942 0.2 3130116 0.1 979218 0.5 12926269
5 2 24571458 0.2 3134176 0.1 979122 05 12906348
6 2 24643064 0.2 3121036 0.1 982802 05 12866312
AVR 24638903.3 3131724 980899.1667 12886308.5
SD 45099.9164 6582.24606 1544.433154 40482.20481
RSD% 0.18 0.21 0.157 0.314

3.8 Concentration of active ingredients in syrup form (Pulmocodain Syrup)

Pulmocodain Syrup is syrup produced by The State Company for Drugs Industry and
Medical Appliances Samarra/ Irag. It contains guaifenesin 100 mg/5mL, Codeine phosphate 10
mg/5mL, Phenylephrine HCI 10mg/5mL, and Sodium benzoate 25mg/5mL. This syrup was
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injected to check the validation of this method. As presented in Table 6, the result shows this

method is specific and accurate.

Table 6: Results of Pulmocodain Syrup obtained by using this method.

Active Guaifenesin Codeine Phenylephrine Sodium
component phosphate HCI benzoate
SIENEG) 100 mg/5ml 10 mg/5ml 5 mg/5ml 25 mg/5ml
amount
Result found 99.46 9.92mg/5ml | 4.975 mg/sml | 25.34 mg/sm
mg/5ml
Result Found 99.46 (= 101.36 (=
%+ (S.D.) 0.32) 99.2 (£ 0.18) 99.5 (+ 0.54) 0.44)

4. Conclusion

This work aims to build and validate the HPLC method to determine the concentration of

Guaifenesin, codeine phosphate, phenylephrine, and sodium benzoate in liquid pharmaceutical

form. The validation result shows good accuracy, precision, and selectivity. This method is

easy, and it can be used to determine the assay of four compounds in only one run. This method

is rapid, accurate, selective, precise, and robust. It can be used for everyday work in a quality

control laboratory. There is no reported method for this mixture of active ingredients in liquid

pharmaceutical form.
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