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Abstract

This research used a developed theoretical model that formulated to study the energy levels and the
phenomenon of backbending of some nuclei '3 ~ ®*Ho isotopes and compare them with the available
practical results. The backbending of the moment of inertia for the ground state bands is successfully
described and nuclear energy levels are calculated using a modified phenomenological model. When
nuclei rotate, the Coriolis force operates to de-pair the nucleon pair and align their angular momentum
with the nucleus's total angular momentum. This causes the Coriolis force to increase and decrease the
rotational energy. The model accounts for the pairing effect with a constant moment of inertia. Thus, the
angular momentum affects the moment of inertia. In order to make the moment of inertia change with
angular momentum, a term was added to this model. When only a few parameters are used, the modified
model frequently matches the experimental data quite well.
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1. Introduction

Backbending has been thoroughly investigated in numerous nuclei ever since it was shown to occur at
high spins in the ground state rotational bands of even-even rare earth nuclei [1]. Numerous distorted
nuclei have been reported to exhibit an abrupt drop in rotational frequency and an unusual increase in
moment of inertia. Backbending is the phenomena where an S-shaped plot of twice the moment of inertia
vs the square of rotational frequency for different spin states is observed [2]. In many light, medium, and
heavy even-even nuclei, a number of models had achieved remarkable success in describing the low lying
collective states. Over the past three decades, data for a significant number of high-spin nuclei has been
gathered, and in some of these data, an intriguing effect has been seen in the ground state rotational band
(yrast states) of some even-even nuclei [3]. One of these models, the variable moment of inertia (VMI)
model, uses two parameters that Mariscottoi introduced to the rotational energy equation in order to fit the
measured energies [4]. Several nuclei showed some notable departures from the VMI model in terms of
the moment of inertia as well [5-9]. The other intriguing model is developed by Swiatecki and Myers [10].
The energy of initially counter-rotating gyroscopes that cause the overall rotation to gradually align in the
direction of the total angular momentum, a potential energy that prevents such alignment, and a rigid
rotation of a portion of the nucleus make up the basis of this model. The model contains differences from
experimental energies but can be used to describe the angular momentum dependence of nuclear rotational
energy at a macroscopic level. The models, angular momentum projected Tomm—Dancoff approximation,
and backbending were used in the most current computations [11]. Interaction between neutrons and
protons under the Bardeen—Cooper—Schrieffer (BCS) model [12]. model of the predicted shell [13]. and
the projected configuration interaction (PCI) approach, which directly links shell model wave functions
to the deformed intrinsic states [14].

2. Research Method
In our developed model, we relied on the Cranked Shell model (CSM) and the Variable moment of inertia

(VMI) model, as in the Cranked model the Hamiltonian of the plane is given by equation [15].

H =H--oJ, (1)

As H is the Hamiltonian of the plane and —* ®J, represents the Coriolis force that works to align the

angular momentum of the nucleons towards the angular momentum of the rotating nucleus, which also
works to break the pairing of the nucleons, and considering that H is the Hamiltonian according to the
Nilsson model, which is given by the following equation:

H=H,+CY LS, +D) L )
It is the Hamiltonian spin, and the second term (/- s) is the spin-orbit interaction for the single nucleon.

The third term represents the interplaing between the square well voltage and the harmonic oscillator
voltage, and C, D are experimental constants [16], and thus the result becomes :

X i i
H =Ho—*wJ +C L -S +D I} 3)

Since: Hy = Ewy It produces [17]:
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E=E,~+oJ, +CYL S +DY I )

i
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Considering that Eo is the sum of the rotational energy of the variable moment of inertia model E(J)VMI,
the pair energy E Pair, and the energy of the single particle ES.P that is:

E, = E(J)VMI +Ep,, +Egp )

By adding the couple energy, the single particle energy, and the rotational energy to the variable moment
of inertia model, the total energy equation becomes:

E(J)=EW)nyg + Epuy + Esp —* OJ x + CzLi -5+ DZLZ i (6)

The last term takes the following value: since
J=LFS
P=ll+) = =J+S)J+S+1)= +1/2)(J+3/2)

~D(L*) = D(J +1/2)(J +3/2)
1

Lo
Ls='P-r-§)=L.5=2 J=L+S

b -1 .
LD o -r-s

CZL .S :C(i(L+1)):C(i(J+3/2)) @)
. i i 2 2

As for the term representing the Coriolis force, it is the component of angular momentum in a direction
perpendicular to the rotation axis and is equal to:

s oJy = 4147 J(J +1)-K? (8)

This equation gives good results for low excitation levels up to a certain angular momentum, which is the
segmental momentum Jc, at which a pair of neutrons, as a result of the increasing Coriolis force, become
uncoupled and begin to align with the momentum of the nucleus [18].
The momentum of the cut is equal to:

_N-Z LT )
. -

J
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Then, N is the number of neutrons in the nucleus, Z is the number of protons in the nucleus, and T is the
correction factor between the theoretical and practical values or the matching constant between them.
When the excitation levels are less than the break-off momentum, the proton pairing energy is greater than
the neutron pairing energy. Therefore, at this momentum, the coupling is broken. A pair of neutrons, which
leads to the appearance of back bending. However, at high excitation levels, that is, after the momentum
of the break, the energy of the single particle becomes Because the nucleus had one single particle, and
after disengaging a pair of neutrons, two particles were added to the single particle, so it became three
single particles (3-qp), and the pairing energy after disengaging a pair of neutrons becomes Because the
binding energy of the next pair of neutrons becomes twice the energy of the first pair, which is more than
the pairing energy of a pair of protons. Therefore, with increasing excitation, the probability of
disengaging a pair of protons increases, and this leads to the appearance of a second back bend.

So, in the presence of a cut-off frequency, the energy equation will have two parts before and after the
cut-off frequency [19]:

E(J):J(J+l)+ 1 1Y+
Fi 10 VoRRE e
2](J) 2 . 0 n.Pair X
-1 3 1 3 IFJ<J
+C( (J+ N+D I+ )+
1y 2 1 2 2 ¢
E(J)Z.BJr i -1 Y +3e +2E +E —oJ
F{—=U()
2] (J) b 0 0 n.Pair P.Pair X ( 1 O)
+C(__1(J+i)+D (J+1)(J+3)} IF J>J
29 2 2 32 2 ‘

Through the difference between two successive levels, we obtain the value of the gamma energy, and by
calculating it, we can calculate the variable moment of inertia from equation [20].

21 _ 4] -2

T E(J)-E(J-2) (11)

then calculate the rotational frequency, which is given by equation [21].
EWJ)-EWJ-2)

T 0 - JU -2 D)

(12)

by drawing the relationship Graphing the values of the variable inertia moment on the y-axis and the
values of the rotational frequency on the x-axis, we get the backbend.

3. Results And Discussion
The parameter and constant values used for each isotope included in Table 1. And Figure 1. This nuclei
has 67 protons, including 3 protons in the 2d3/2 shell, which can accommodate 4 particles. Therefore, it
also occupies more than half of the shell, so n2=1 is equal to the number of gaps in the shell, and the value
of s1=2, s2=1, and T=3, and these values It is the same for all isotopes of this nucleus.

Table 1. The parameter and constant values used for each isotope
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isotope p f C1 D1 C2 D2
Ho-155 0.200 0.00645 40.5 1.15 18.3 0.6
Ho-157 0.217  0.006369 20.65 0.6 1.6 0.41
Ho-159 0.242  0.006289 41.9 0.85 253 0.74
Ho-161 0.25 0.006211 224 0.42 7.8 0.52
Ho-163 0.258 0.006134 43.25 1 — —
Ho-165 0.267  0.006061 21.9 037 — —
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Figure 1. Holmium isotopes backbending.
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The isotope (155Ho) has 88 neutrons, including 6 neutrons in the outer shell 1h9/2, which
accommodates ten particles, meaning that the six neutrons for this isotope occupy more than half of
the shell, so n1=4 is equal to the number of gaps in the shell, and the value of the beginning of the beam
T hi,, for this isotope is equal to k=11/2 and the value of the torque Io = 67.05148, the inertia at zero
angular momentum is equal to 1h9/2, and the cutting momentum that disengages a pair of neutrons
in the shell is practically equal to 1h9/2. =10.5 Theoretically Jc= 27/2=13.5, this means that the
constant of matching between theoretical values and practical values is equal to T=3. The change
between the moment of inertia with the rotational frequency I [J 136.0117. We notice from it that the
practical and theoretical curves start with a large value and then decrease because the gamma energy
is low in the beginning, which leads to a large value for the moment of inertia. After reaching the
middle of the curve, the moment of inertia begins to increase again until it reaches to rotational
frequency [10J [] 0.24987. Then the rotational energy suddenly decreases as a result of the
disengagement of a pair of neutrons and the alignment of their angular momentum with the angular
momentum of the nucleus, which leads to a decrease in gamma energy and an increase in the moment
of inertia. Therefore, back bending occurs and the value of the moment of inertia is, and then the
rotational frequency begins to increase again and in harmony, good agreement with practical values.
The isotope (157Ho) has 90 neutrons, including 8 neutrons in the outer shell 1h9/2, which
accommodates ten particles, meaning that the eight neutrons for this isotope occupy more than half of
the shell, so n1=2 is equal to the number of gaps in the shell, and the value of the beginning of the
beam for this isotope is equal to, and the value of the torque The inertia at zero angular momentum is
equal to 1h9/2, and the cutting momentum that disengages a pair of neutrons in the shell is practically
equal to 1h9/2. The isotope (159Ho) has 92 neutrons, including 10 neutrons in the outer shell 1h9/2,
which accommodates ten particles, meaning that the ten neutrons for this isotope occupy the entire
shell, so n1=0 is equal to the number of gaps in the shell that does not have a gap. The value of the
beginning of the beam for this isotope is equal, the value of the moment of inertia at zero angular
momentum is equal, and the momentum of the break that disengages a pair of neutrons in the shell is
practically equal to 1h9/2. The isotope (161Ho) has 94 neutrons, including two neutrons in the outer
shell 27/2, which accommodates eight particles, meaning that the two neutrons for this isotope occupy
the beginning of the shell, so n1=2 is equal to the number of particles in the shell, and the value of the
beginning of the beam for this isotope is equal to, and the value of the moment of inertia at momentum.
The isotope (163Ho) has 96 neutrons, including 4 neutrons in the outer shell 2f7/2, which
accommodates eight particles, meaning that the four neutrons for this isotope occupy half the shell, so
nl=4 is equal to the number of particles in the shell, and the value of the beginning of the beam for
this 1sotope is equal to, and the value of the moment of inertia. The isotope (165Ho0) has 98 neutrons,
including 6 neutrons in the outer shell 2f7/2, which accommodates eight particles, meaning that the
six neutrons for this isotope occupy more than half of the shell, so n1=2 is equal to the number of gaps
in the shell.
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4. Conclusion

We notice from the figure that there is great agreement between the results obtained from this model with
the practical results obtained from the Atomic Energy Organization taken from the reference [22].

This means that the developed model has the ability to calculate the level energies and back curvature of
individual nuclei of mass number with high accuracy using some appropriate fitting constants.

Since the model succeeded in calculating the back curvature of odd-numbered nuclei, which is difficult to
calculate, it is certain that the model can calculate the back curvature of even-even nuclei
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Abstract

In this study, we investigate the magnetic properties and compensation behaviors of a mixed spin-(3/2,7/2)
Ising ferrimagnetic system on a square lattice using the mean-field approximation. The effects of crystal
field anisotropy on the thermal variation of sublattice and total magnetization are analyzed. Our findings
reveal the presence of various compensation types, including L, M, N, P, Q, R, and S, depending on the
exchange interactions and crystal field parameters. These distinct compensation behaviors arise from the
interplay between sublattice magnetizations, leading to unique temperature-dependent magnetic phase
transitions. The results provide valuable insights into the thermodynamic stability of mixed-spin systems
and their potential applications in spintronic devices and magnetic memory storage.

Keywords: Ising model, Mixed spin, Ferrimagnetism, Mean-field theory, Compensation behavior, Crystal
field anisotropy.

1-Introduction:

Ferrimagnetic materials have many useful technological applications in information storage devices [1]
and many other applications [2-5], the magnetic properties of mixed spin Ising ferrimagnets have been
investigated different systems, such as [6-9]. Magnetic materials with mixed-spin configurations have
gained significant attention due to their diverse physical properties and potential applications in
spintronics, data storage, and magnetic sensors. Among these materials, ferrimagnetic systems composed
of different spin values exhibit unique thermal and magnetic behaviors, including compensation
phenomena and complex magnetization transitions. These behaviors are crucial in designing temperature-
controlled magnetic devices, making them an essential area of theoretical and experimental research. The
Ising model, particularly in the context of mixed-spin systems, provides a powerful framework for
studying such magnetic behaviors. Using the mean-field approximation (MFA), researchers have
successfully analyzed various thermodynamic properties, such as magnetization, phase transitions, and
hysteresis effects, in low-dimensional and nanostructured materials. A high mixed spin-7/2 and spin-3
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study was performed by H. Bouda et al. with periodic boundary conditions via Monte Carlo simulations.
Establishing the phase diagram and generating compensation points while showing several topologies of
the total magnetization [10]. Another high spin-7/2 and spin-1/2 system was performed by A. El Antari et
al. used the framework of both the renormalization group technique and Monte Carlo simulation to
examine the influence of an external magnetic field on the magnetic properties and hysteresis loop of the
system [11]. The hysteresis and compensation behaviors of spin-3/2 cylindrical Ising nanotubes have been
studied via effective field theory with correlations, and they reported that multiple hysteresis behaviors
are strongly influenced by core—shell coupling, shell surface interactions and crystal fields [12]. One of
the most intriguing aspects of these systems is the compensation effect, where the total magnetization
vanishes at a temperature lower than the critical temperature Tc. This effect is highly sensitive to crystal
field anisotropy, exchange interactions, and external perturbations. Several types of compensation
behaviors have been classified in ferrimagnetic systems, including L, M, N, P, Q, R, and S types, each
representing different temperature-dependent magnetization trends. Understanding these behaviors is
fundamental for optimizing thermal stability and magnetic switching in advanced materials. Previous
studies have extensively investigated mixed-spin systems with various spin combinations, such as (1/2,
1), (1, 3/2), and (1, 2), but less attention has been given to higher spin values like (3/2, 7/2), which can
exhibit richer magnetic dynamics. In this work, we explore the magnetic properties and compensation
behaviors of a mixed spin-(3/2, 7/2) Ising ferrimagnetic system on a square lattice using mean-field theory.
We analyze the impact of crystal field anisotropy on the thermal variation of magnetization and identify
different compensation types. Our results provide insights into the interplay between magnetic interactions
and temperature-dependent phase transitions, offering valuable perspectives for future applications in
magnetic memory storage and spintronic devices.

2- Model:

We consider two-dimensional Ising model with spins, Si =+7/2, £ 5/2,+ 3/2, and £ 1/2 and Sj = +3/2
and + 1/2, located in alternating sites of a square lattice, with periodic boundary conditions as shown in
Fig 1.

22
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Fig 1: A section of the two-dimensional lattice systems. Gd (red ball) with spin Sg=7/2, and Cr (blue
ball) with spin SA=3/2.

7
The Hamiltonian of a ferrimagnetic mixed spin iz and spin £— square lattice Ising system in a zero

magnetic field, can be written as [13],
H=-J)S8'S' =D, > (S!)Y-Dy;>.(S) (1)
i.j i J

o 347

Where | 505; ] takes the values [_ 272 ] respectively, J is a coupling constant between nearest

neighbor, D, 1s a magnetic anisotropy acting on Cl atoms, and Dy an acting on Gd atoms.

According to Maxwell-Boltzmann statistical the sublattice magnetization of the system is obtained [9].

1 3 sinh(; BzJm ) +e P sinh(; PzJm )
m, =L 2)
2 cosh(z Bzdm, ) +e 2P cosh(; BzJm,)

17 sinh(% BzJm )+ 5e PP sinh(% BzJm ) +3e 1 0Pn sinh(% PzJm ) +e PP sinh(% pzim.,) (3)

my =—

N

cosh(% pzdm ) +e P cosh(% BzJm ) +e ' 0Ps cosh(% pzim ) +e P cosh(% PzJm )
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3-Results:

The computed data on the thermal variations of the order parameters, which are the sublattice
magnetizations, are shown in Figures (1-11) for selected values of the reduced crystal field strengths Da
and Dg. In Figure (1), when Da is set to zero, the sublattice magnetization ma (+3/2) decreases
monotonically with increasing temperature, starting from its unique saturation value and vanishing at the
critical temperature. Meanwhile, mp(£7/2) exhibits seven saturation values with three hybrid states (-3, -
2, -1), a behaviour similar to previous studies on (£7/2, +3/2) systems|14,15]. In Figure (3.2), when the
effect of the crystal field DA/|J| is introduced, the magnetization ma (£3/2) shows three distinct saturation
values, whereas mp(+7/2) stabilizes into a single dominant state, highlighting the role of crystal field
anisotropy in modifying the thermal properties of mixed-spin systems. The total magnetization, given by
M=(ma+mg)/2, reveals different compensation behaviours, including L-, M-, N-, P-, Q-, R-, and S-type
transitions, depending on the exchange interactions and crystal field parameters. At specific values of Da
and Dg, compensation points appear, where the sublattice magnetizations cancel each other, resulting in
M=0. The system undergoes both first-order and second-order phase transitions, with abrupt changes
observed at higher anisotropy values and smoother transitions occurring for moderate field strengths.
These results are in agreement with previous studies on mixed-spin Ising systems but provide new insights
into higher-spin (3/2, 7/2) configurations, particularly the presence of multiple intermediate magnetization
plateaus, which suggest a more intricate spin arrangement compared to lower-spin models. In figure (3),
the effect of the crystal field D, /|]| is evaluated here, three saturation values are recovered for ma (£3/2)
while mb (+7/2) shows a unique saturation value.

In figures (5-11) L-, M-, N-, P-, Q-, R-, and S-type magnetic behaviors observed in the proposed system,
similar to those obtained in [16] Notably, these results are in the absence of an external magnetic field. It
is also worth to mention that area that is under the curve represent a ferromagnetic state of matter, while
the area above the curve represents a paramagnetic state, hence the curve it self represent a second order
phase transition from the ferromagnetic to the paramagnetic phase. One can notice that as the crystal fields
of Da and Dg increase the curie temperature (critical point) also increase as it represents the point at which
the matter undergoes phase transition to the paramagnetic state.
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]
K T/

Fig 2: Thermal variation of the sublattice magnetizations m, (Cr) and my, (Gd) at D,/|J|=0 and different

values of Dg/|J|.
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Fig 3: Thermal variation of the sublattice magnetizations ma(Cr) and my (Gd) at Dg/|/|=0 and different
values of D, /|J|.

25



Al-Hamdaniya Journal for Pure Sciences, Vol: xxx, No: xxx, 2025 (xx-xx)

K T/

Fig 4: Thermal behavior of the absolute value of the total magnetization [M| for various values of the
crystal field Dg/|J|whenD,/|J| = 0.
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Fig4: Thermal behavior of the absolute value of the total magnetization |M| for various values of the
crystal field D, /|J|.-when Dg/|]| = 0
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Fig 5: Temperature dependences of the absolute magnetization value |M| for the mixed ferrimagnet z =
4, when the values of Da/|J| = 1.5, and Dg/ |J] =-0.5.
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Fig 6: Temperature dependences of the absolute magnetization value |M| for the mixed ferrimagnet z =
4, when the values of D4/|J| =-0.5, and Dg/ |J] = -1.999.
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Fig 7: Temperature dependences of the absolute magnetization value |M| for the mixed ferrimagnet z =
4, when the values of D4/|J| =-1.0, and Dg/ |J] = -2.0.
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Fig 8: Temperature dependences of the absolute magnetization value |M| for the mixed ferrimagnet z =
4, when the values of D4/|J| =-3.5, and Dg/ |J] =-0.5.
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Fig 9: Temperature dependences of the absolute magnetization value |M| for the mixed ferrimagnet z =
4, when the values of D4/|J| = 2.0, and Dg/ |J] = 2.0.
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Fig 10: Temperature dependences of the total magnetization M for the mixed ferrimagnet z = 4, when
the value of D4/|J|=-2.5, and Dg/|J| =-0.5.

29



Al-Hamdaniya Journal for Pure Sciences, Vol: xxx, No: xxx, 2025 (xx-xx)

0 1 2 3 4 5 6 7 8 9 10
KBTFIJI

Fig 11: Temperature dependences of the total magnetization M for the mixed ferrimagnet z = 4, when
the value of D4/|J|=-0.5, and Dg/ |J] = 0.5.

4 Conclusion:

In this study, we explored the magnetic properties and compensation behaviors of a mixed spin-(3/2,7/2)
Ising ferrimagnetic system using the mean-field approximation. Our findings show that crystal field
anisotropy plays a crucial role in shaping how sublattice and total magnetization evolve with temperature.
We identified multiple compensation behaviors—L-, M-, N-, P-, Q-, R-, and S-type—each influenced by
the balance between exchange interactions and crystal field effects.

One of the most interesting discoveries was the presence of multiple intermediate magnetization plateaus,
which suggest a more intricate spin arrangement than what’s typically seen in lower-spin systems. We
also found that as the crystal field parameters Da and Dg increase, the system’s critical temperature rises,
which could have implications for designing temperature-controlled magnetic devices.

These insights not only deepen our understanding of mixed-spin Ising models but also highlight their
potential applications in spintronics and magnetic memory storage. Looking ahead, future studies could

examine how external magnetic fields affect these behaviors or use Monte Carlo simulations to explore
phase transitions and hysteresis effects in greater detail.
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Abstract:

The community of fungi that live in the gastrointestinal tract of animals, known as the animal gut
mycobiota, is crucial to the health of the host. Animal gut mycobiota quantification is becoming more and
more popular. The fungi that are likely to live in animal gastrointestinal tracts and the fungal species that
are non-residents, including macrofungi, lichens, or plant symbionts/pathogens that can be consumed as
part of the host's diet, are often not distinguished in studies on animal gut mycobiota. There is growing
evidence that the gut "mycobiome," or intestinal fungus, are crucial for inflammation and host immunity.
A more accurate knowledge of the causes and effects of variation in the composition of animal gut
mycobiota should be made possible by taking into account the many sources and functions of fungi found
in the gastrointestinal tract. In this review, we summarized the relationship between the gut mycobiome
and health in animals, Role of fungal mycobiome as a member in the Ecosystem of animal’s gut,
classification and the importance in animal immunity with the Possibility of using them as alternative
treatment options.

Keyword: Mycobiome, mycobiota, macrofungi.

1. Introduction

Our knowledge of the makeup and role of the mycobiome—the fungus community associated with the
mucosal surfaces of humans and animals—has quickly increased during the last ten years. At birth, fungi
invade different areas of the mucosal surface and are crucial for the immune system's development and
homeostasis. Here, we examine the latest findings about the danimal mycobiome at several bodily
locations, such as the oral cavity, the skin surface, the gastrointestinal (GI) tract, the respiratory tract, the
urogenital tract, and the tumor tissues. Characterizing the interplay between the immune system and
mycobiome, particularly in the GI tract, has taken a lot of research. We talk about mycobiome dysbiosis
and how it affects the development of illnesses including alcoholic liver disease, inflammatory bowel
disease, and systemic infections, highlighting the potential of mycobiome-focusing on life-threatening
disease intervention strategies [1].

significantly to host health, which is why there is growing interest in quantifying the gut mycobiota of
wild animals. This is because a mix of resident and non-resident gut fungi may make it difficult to identify
processes associated with the authentic, resident gut mycobiota. A more accurate knowledge of the causes
and effects of variation in wild animal guts should be made possible by taking into account the many
sources and functions of fungi found in the gastrointestinal system of animals. composition of the
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mycobiota [2], [3]. Recent research examined fungal-bacterial interactions, fungal immunity promoting
gut homeostasis, and the state of knowledge on the gut mycobiome in farmed animals. We will attempt to
incorporate the mycobiome into the studies and research that addressed the relationship between fungi
and animal immunity and health through this review.

2. Role of Fungi in animal Gut microbiome

The mycobiome is a horizontal iteration of a defined microbiome that includes all fungi (mycobiota). It
is characterized by its quantitative and qualitative makeup, local or temporal variability, and the totality
of interactions between its members and other components of the microbiome (bacteriome, virome), as
well as, of course, with its environment. Modern software tools, techniques, and technologies created or
modified to address fungal peculiarities are not equivalent to those offered for other microbiome
iterations, such as bacteriome and virome.The complexity of any mycobiome may now be captured by
metagenomic and culturomic techniques, with the former having a distinct advantage over the latter but
still having significant drawbacks in its varied uses [4]. Numerous protists and communities of fungus,
also known as the mycobiome, inhabit the bodies of humans and animals. The word "mycobiome" refers
to the group of at least 60 fungal taxa that are present in the gastrointestinal tract (GIT) [5] . The fungal
components of the microbiome are expected to affect host health and disease, just like the other
components [6]. Through receptors like Dectin-1, fungi interact with innate immune cells in significant
ways. According to research, colitis can result from disruption of the Dectin-1 receptor activity, possibly
as a result of a loss of connections with host fungus. Obese patients also showed changes in their gut
microbiota, which can be used to distinguish between metabolically healthy and unhealthy obesity [5].
Because of its relative richness, study on the oral mycobiome is also growing [5]. When it comes to
identifying and verifying the components of this intestinal ecosystem, the mycobiota presents particular
difficulties. Unlike bacteria, fungi are abundant in the environment and in a variety of dietary sources,
such as cheese, beer, bread, wine, and airborne spores, but they are very rare in the gut. While the advent
of deep sequencing techniques has given scientists the best chance to study the range of fungi that
comprise the gastrointestinal (GI) "mycobiome", The data sets are vulnerable to accidental contamination
from external sources and from other body surfaces (such as the face, hands, perspiration, etc.) due to the
combination of low fungal DNA quantity in the gut and high dietary/environmental abundance. Many
members of the bacterial population are reliant on the anaerobic environment that the gut provides, which
significantly increases their likelihood of surviving in the intestines. They also outweigh fungal
organisms. This is not the case for fungi, which are usually facultative anaerobes or tolerant of hypoxic
conditions [5]. Delayed access to feed immediately post-hatch (PH) on the makeup of the mycobiome in
chickens, since PH feed delay is frequently linked to subpar health outcomes. Chicken mycobiomes in
each of the populations were distinct and changed over time. All mycobiomes were dominated by
Gibberella spp., but Aspergillus spp., Cladosporium spp., Sarocladium spp., Meyerozyma spp., and
Penicillium spp. were also abundant. During days one and two, penicillium was either completely missing
or present in very little amounts in the cecal and ileal lumens, although it gradually increased. In luminal
sites, Meyerozyma and Wickerhamomyces also grew over time. On the other hand, a number of
extremely prevalent unclassified fungus declined following days one and two, underscoring the necessity
for a better comprehension of fungal gut biology [7].With the exception of days one and two, there was
no discernible difference in the mycobiomes of chicks fed during the first two days of PH compared to
those not fed at that time. Mycobiome similarities between fed and unfed chicks at later timepoints imply
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that PH feeding delays do not have a permanent impact on the makeup of the mycobiome. Collectively,
these findings establish the groundwork for further research on the mycobiome and indicate that the
growth of fungal populations in the GIT is unlikely to be connected to the detrimental effects of delayed
eating on health and productivity [8]. Fungi contribute to host health and development and are
immunomodulatory .Mycobiome studies are currently focused on the fungi residing in healthy vs.
diseased models, and more research has to go into the interactions between the myco- and microbiomes
with the host (Figure 1) [9].

Disease

susceptibility Diet

Microbial
metabolites — Gut
Bacterial

Antibiotics

< Microbiome

Host Anti-fungal

immunity
Extra-

gastrointestinal
organs

Figure 1. The multifaceted factors influencing gut microbiome and mycobiome interaction. Sam et
al ., 2017.

3. Classification and Characterization of Mycobiome

Fungi are a diverse and widely distributed group of eukaryotes [10]. The estimated
number of fungal species ranges from 2.2 to 3.8 million [11]. Until now, approximately
150,000 species of fungi have been described worldwide [12]. In previous studies, the
classification of fungi primarily relied on their morphological characteristics. However,
with the development of high-throughput sequencing technology, an increasing number
of fungal genomes have been sequenced. In recent years, the taxonomic system of fungi
has been updated using phylogenetic tree analyses based on whole-genome sequences. As
a result, the number of phyla within the fungi kingdom has significantly increased from
four to nine. Nevertheless, different classification systems resulted in different numbers
of phyla [13].

The most prevalent fungi found in the intestinal tract are Ascomycota and Basidiomycota in all of
humans, mice, pigs, and chickens [14]. Among them, Ascomycota is the largest group of fungi,
including single-celled yeasts (Candida, Saccharomyces, etc.) and various filamentous molds
(Aspergillus, Penicillium, etc.). Basidiomycota is closely related to Ascomycota and mainly consists
of fungi with large sizes, and Malassezia is a common fungus in the gut [15].

In the gastrointestinal tract of most healthy people, there are ten genera which are considered as core
fungal genera, including Candida (especially Candida albicans), Saccharomyces (particularly
Saccharomyces cerevisiae), Penicillium, Aspergillus, Cryptococcus, Malassezia (particularly
Malassezia restricta), Cladosporium, Galactomyces, Debaryomyces, and Trichosporon, following
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their abundances [16]. Fungal life cycles are complex and their morphological transformations can
have an impact on adhesion, metabolic secretion, toxin secretion, and intestinal colonisation [17].
Compared to bacteria, fungi show a lower amount and abundance in the gut. However, they play
important roles in host physiology. Gut fungi take part in the metabolism of nutrients and the
production of enzymes [18]. Candida and yeast are the most common fungi in the gut. Among species
in Candida, C. albicans belongs to an opportunistic pathogen. Overgrowth of this fungus is often
associated with a variety of diseases, especially in immunocompromised individuals.It also plays a
significant role in host immunity as a form of antigen exposure [19]. Confounding redundancies are
also widespread in fungal databases, since many fungus contain sexual and asexual forms and are
consequently misdiagnosed as two separate taxa assigned even to different families [20].

Gut Mycobiota impact host health

The complex communities of commensal microbes (viruses, fungus, bacteria, and
protozoa) that are found in all animals are known as the microbiota, and they can number
anywhere from hundreds to thousands of species [21]. The bacterial communities that live
in the gastrointestinal system are arguably the most significant and extensively researched
aspect of host-associated microbiota [22] . Numerous studies have found that gut bacteria
can affect host health in a variety of ways, such as by digesting otherwise indigestible
meals to provide vital vitamins and metabolites [22], [23].

Perhaps as a result of the hostile environment of the (vertebrate) stomach, the direct
contribution of food material to the apparent makeup of gut bacteria is rarely investigated.
[24], is expected to kill many ingested microbes such that the composition of the gut
microbiota should reflect the dynamics of the authentic resident bacteria. The following
are the main justifications for using animal gut mycobiota analyses: (1) The number of
fungal cells in the animal intestine is far lower than that of bacteria. (Huffnagle and
Noverr 2013) and (2) many animals consume fungi. As a result, there is a greater chance
of a significantly lower signal to noise ratio (i.e., a higher contribution of allochthonous
material) in gut mycobiota analyses as opposed to gut bacterial analyses [25] .

Due to technological restrictions, there are currently few research on the gut mycobiome
of farm animals; nevertheless, the topic has advanced recently with the advent of high
throughput sequencing techniques. Fungi have been shown to have intricate interactions
in the gut environment, despite ongoing difficulties with DNA separation, primer design,
PCR settings, and database accuracy.

Moreover, the gut bacteriome exhibits a-diversity and succession, whereas fungi do not,
indicating a different colonization process [26]. Over the past few years, mycologists'
research has finally proven that the fungal community and its hitherto underappreciated
members are essential parts of the microbiome. The importance of commensal fungal
microbes and other microbiota members in their relationship with the human host is now
indisputable.Current studies are characterizing the fungal community and offering fresh
perspectives on the biological processes by which the human host, the microbiome, their
genomes (metagenome), and metabolites (metabolome) interact in multiple directions to
eventually impact health and/or disease states [27]
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Mycobiome also plays a significant role in host immunity as a form of antigen exposure [28] . The
two most prevalent fungi in the stomach are Candida and yeast. Of the species of Candida, Candida
albicans is an opportunistic pathogen. Numerous illnesses are frequently linked to this fungus's
overgrowth, particularly in immunocompromised people. For instance, a recent study discovered that
patients with ulcerative colitis had far higher levels of Candida albicans in their colonic mucosa. By
releasing the peptide toxin candida lysin, some strains can increase intestinal inflammation. This toxin
led to a high level of the pro-inflammatory cytokine interleukin (IL)-1p and damaged macrophage
immune cells [29] [30]. But according to a another study, patients with Crohn's disease had abnormal
inflammatory CD4 T cell responses that were influenced by the intestine commensal fungus Candida
albicans [13], [32]. The various strains of Candida albicans should be responsible for this disparate
outcome. Additionally, additional Candida species can potentially have effects that are resistant to
illness. An encouraging discovery revealed that people with inflammatory bowel disease have higher
levels of Candida in their gut flora [33]. Among them, Candida metapsilosis M2006B has been
identified as an agonist that can metabolise farnitol X receptor to relieve colitis in mice [33] . To our
knowledge, current studies have indicated that yeast shows numerous benefits in the gut [34]. For
instance, yeast in the gut plays a role in regulating host immune homeostasis [35]. Interestingly, yeast
can also promote the gut barrier function and enhance the mouse social behaviours. A novel finding
has suggested that yeast residing in the gut mucosa can protect the gut barrier by inducing Th cells to
secrete IL-22 that has a role in anti-infection. It can also affect host behaviours through the IL-17
signalling pathway in neuronal cells [36], [30].

The interaction of mycobiome with other Ecosystem microorganisms in animal

Because infectious diseases are so common, researchers are now concentrating on the
host-pathogen relationship in order to create new management and prevention techniques.
Recent developments in next-generation sequencing technology have provided insight
into the composition and function of microbiomes in various habitats and hosts. Animal
microbiome (Ecosystem), including bacteria (bacteriome), fungi (mycobiome), archaea
(archaecome), and viruses (virome) has become a growing area of research and
increasingly recognized as an important driver of animal health and productivity.
Therefore, the development of techniques to enhance animal health and productivity
while lowering the incidence of disease requires an understanding of the complexity of
animal microbiomes and their interactions with the host [37].

Although they are statistically smaller than bacteriomes and viromes, the animal
mycobiome and archacome have both lately been identified as important elements in
animal health [37]. It has been demonstrated that the mycobiome and archacome of
animals are made up of different lineages, are extensively dispersed, and exhibit patterns
unique to different body sites. Animal mycobiomes and archacomes have not received as
much attention as they should because of difficulties with primer design, bioinformatics,
maintaining a well-curated database, and having less DNA than bacteriomes. It has been
discovered that, in spite of these difficulties, the animal mycobiome and archacome
interact intricately with other animal microbiome members throughout the creation of
ecosystems and affect host health. Additionally, studies have demonstrated that the
mycobiome and archacome are more amenable to manipulation by environmental factors,
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including nutrition, than the bacteriome, which makes them a prime option for dietary
treatments aimed at promoting the health and growth of animals [38]. It is necessary to
conduct more research on the processes via which the animal mycobiome and archaecome
interact with other microbiome members [37].

Numerous abiotic and biotic factors, including management techniques, dietary
composition, physiological circumstances, stress, and disease states, can influence animal
microbiomes and their relationships with hosts [39]. As a result, altering the microbiomes
of animals at various phases of the production cycle is a compelling idea for the animal
production industry and has been proposed as a potential substitute for the use of
antibiotics in the livestock sector. Data from [40]. showed that outdoor access periods
with access to natural dietary sources increase the richness and diversity of cecal
microbiota in chickens as well as increase the biosynthesis of micronutrients involved in
vital cell processes. This study offered fresh perspectives on how nutrition and
environmental conditions affect the gastrointestinal microbial communities'
developmental dynamics and forecasted metabolic processes in broiler chickens raised in
a free-range environment [40].

Modification of particular animal microbiome members can optimize critical metabolic
pathways and enhance host phenotypes and productivity, according to a new field of
study in medicine and agriculture [41]. Fecal microbiota transplantation is a unique and
underutilized method that has been widely employed in veterinary medicine to improve
host-mediated microbiome selection and modify microbiome composition [42].

By artificially transferring the microbiome from healthy individuals, fecal microbiota
transplants attempt to enhance host function. Ramirez et al., showed that giving fecal
microbiota transplant to day-of-hatch chicks from healthy adults result in significantly
higher body mass of birds and decreased residual feed intake, implying enhanced feed
efficiency at 6 weeks of age [43], [44].According to the findings, early-life microbiome
transplants may be a major step toward microbiome-focused sustainable agriculture since
they alter market-relevant phenotypes in chicken. Candida, Trichosporon, and Aspergillus
were the dominating species in our earlier study (not yet published), which revealed that
the mycobiota in the broiler gut was primarily made up of Ascomycota and
Basidiomycota, which were considerably more prevalent in the middle and later stages of
life. Furthermore, a recent study on the mycobiota of chickens revealed that Gibberella
was among the most prevalent genera [45].

In ruminants, research on mycobiota has primarily focused on fungi in the rumen, with
special ~ attention  given  to  anaerobic  fungi  belonging to  the  phylum
Neocallimastigomycota [46]. Amplicon sequencing in Ujimqin sheep revealed that the
large intestine was largely colonized by Dothideomycetes and Leotiomycetes, while the
stomach and small intestine were preferentially colonized by Neocallimastigomycetes and
Sordariomycetes, respectively. Meanwhile, Cryptococcus was significantly enriched in
the small intestine, and Sporormiaceae was significantly dominant in the large intestine
[47].

Caprinae animals (e.g., goats, sheep, and antelopes) display species polymorphism. They
can survive in a variety of climates, geographies, heights, and feeding conditions. In these
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environments, ruminants' ability to digest fiber and absorb nutrients is greatly impacted
by temperature, vegetation, and water(Figure 2). [48].
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Figure 2: Graphical Abstract: The consortium of symbiont fungi on mammalian mucosal surfaces,
collectively known as the mycobiota, exerts substantial effects on human health. Perturbations to the
mycobiota due to host or environmental factors can disrupt these complex and dynamic interactions and
potentially contribute to disease [49].

6. Identification of Mycobiome
It is still mostly unclear how much each component contributes to the commensalism-pathogenicity
flip in some fungi, including Candida, and how much each component affects the mycobiome's
makeup and functionality. Therefore, more research is needed to fully understand the mycobiome in
relation to animal health and disease. The first step in achieving this goal is to develop consensus
methodologies in mycobiome research that will allow for accurate isolation and identification through
comparative analysis across various studies.

6.1. Culture-dependent methods

Growing fungi on solid or liquid media treated with antibiotics is the gold standard for fungal
identification. The species is assessed by examining the shape of colonies or actively proliferating
cells. This is the clear-cut way to find live fungi, even though a failed culture doesn't always mean
there aren't any at all [50], [S1]. Unfortunately, many fungi are not cultivable, hence it is currently
not possible to define the viable component of mycobiotas using just culture-dependent approaches.
Moreover, these methods are poor at detecting low-abundance species, unless one has a target species
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in mind and a strategy to selectively enrich for it. It should come as no surprise that prior mycobiome
research employing culture-dependent techniques consistently revealed a much lower level of variety
than analyses that were independent of culture [52], identifying less than 30% of the fungal species
reported in the human gut [53]. However, these techniques continue to be very useful for evaluating
phenotypes both within and between species, including growth, cell shape, drug resistance, and other
characteristics related to host adaptability [54].

6.2. Culture-independent methods and their challenges

By detecting fungus directly from their genomic DNA or RNA content, culture-independent
approaches avoid the issues mentioned above, but they also come with a new set of limitations and
difficulties.

6.2.1. Fungal viability cannot be unequivocally established

Since extracellular nucleic acids from dead cells might survive in the environment and cannot be
distinguished from those in living organisms, it is crucial to note that sequencing techniques are
ultimately agnostic of the viability status of the microbial cells under analysis. Sequencing
techniques, particularly DNA-based methods, have the potential to inflate the kind and quantity of
viable species found in microbial communities if live microorganisms are not selectively recognized.
[55]. The number and kind of viable species found in microbial communities may be inflated by
sequencing techniques, particularly DNA-based ones, if living bacteria are not selectively discovered
[56].

6.2.2. Efficient genomic content isolation

To determine the actual diversity and abundance of fungal communities, all sequencing-based
techniques need to extract nucleic acids in an efficient and objective manner. Although techniques
for extracting genetic content have been established for bacteria in microbiome investigations, they
are typically ineffective for fungi because of their hard cell walls, which make it difficult to lyse them.
A recent study assessing DNA extraction techniques from saliva samples showed that the technique
used had a significant impact on the variety of fungus, in contrast to their bacterial counterparts [57].
Based on our experiences and other comparative studies of DNA extraction methods [58]. For
efficient genetic content recovery, at least one more bead-beating step is necessary to guarantee
mechanical destruction of fungal cell walls [58], [59]. [60]. Fungi make up a little but significant
portion of the microbiome, ranging from 0.03% in the gut to over 10% on the skin, making this
particularly crucial for mycobiota research [61] Furthermore, metagenomic methods are too costly
for large-scale investigations since they need a sufficient sequencing depth to produce an accurate
fungal signature [62].

7. Therapeutic Potential of Mycobiome and Future direction

Current mycobiome research focuses on characterizing whole fungal communities that
live in both healthy and diseased persons, and it is beginning to show that changes in the
abundance of particular mycobiota members are linked to a number of diseases [63], [64].
The majority of host-microbe associations are the consequence of several intricate and
dynamic microbe-microbe and microbe-host interactions where the host environment is
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always changing, even though these top-down methods are useful for determining simple
host-microbe interactions. Due of these difficulties, efforts have been made to better
understand  these relationships utilizing bottom-up methods by studying paired
interactions in vivo by monocolonization in germ-free animals or in vitro using model
microorganisms.Understanding  pairwise competitive and cooperation outcomes [65],
[66]. Will allow for the prediction of survival when these pairs are placed in within the
context of a larger number of species [67]. However, research on fungal
monocolonization can also uncover novel and surprising facets of fungal biology: Unlike
the morphologically diverse population seen in mice treated with antibiotics, C. albicans
in monocolonized mice has been shown to take on a commensal-like yeast-cell
morphology [68].

Conclusion:

It is anticipated that quantifying the variety and function of the gut mycobiota would
improve our comprehension of the mechanisms influencing wild animals' fitness and
health. The need for clarification on the definition of an authentic gut mycobiota as
determined by standard high-throughput amplicon sequencing surveys is highlighted by
the frequent presence of dietary material and/or noteworthy plant symbionts and plant
diseases in wild animal gut mycobiota communities. When analyzing the gut mycobiota
of animals, it is evident that a deeper consideration of the ecology and life history of the
fungi is necessary. Compared to the mycobiota of humans, there are fewer data available
for animals.
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Abstract :

Porous  composite  materials based on  polyvinylpyrrolidone and  hydroxyapatite
(Cal0(PO4)x(CO3)y(OH)) were fabricated using foaming followed by freeze-drying and were
fabricated ex situ. The materials were studied using scanning electron microscopy, swelling technique,
EPR spectroscopy and transmission electron microscopy. The porosity of the materials was in the
range of 70-90% under physiological conditions (pH 7.4, temperature 37 °C). The biocompatibility of
the resulting materials was investigated in vitro. The developed materials were promising for the
treatment of damaged bones and soft tissues.

Keyword: polyvinylpyrrolidone, tricalcium phosphate, hydroxyapatite, EPR spectroscopy, SEM,
TEM.

1. Introduction

One of the urgent tasks of modern medical materials science is the creation of biodegradable polymer-based
membrane materials. Currently, the development of porous films for dentistry is the most common and
important topic [1-3]. These materials can act as a reservoir for the local delivery of drugs to the affected
area. The advantages of these dosage forms lie in their duration of action and the precision of the active
ingredient dosage. Their use in dentistry allows for the treatment of diseases associated with inflammatory
periodontal diseases [4]. Films are an effective means of delivering drugs across the mucous membrane.
Using such a material, it is possible to regulate the release kinetics of active ingredients and prolong the
therapeutic effect by combining different dosage forms in a carrier (film) [5]. The choice of
polyvinylpyrrolidone (PVP (polyvinylpyrrolidone) is valued for its excellent biocompatibility with body
tissues and its ability to be reabsorbed into body fluids [6] without releasing toxic degradation products. In
the 1960s, aqueous solutions of PVP were used as a blood substitute [7]. Due to PVP's high solubility in
aqueous solutions, it is difficult to use as a polymer matrix in medical materials. To reduce the rate of
biosynthesis, partial crosslinking of PVP is necessary. A method for partial crosslinking PVP under gamma
radiation has been described [8]. However, this crosslinking method requires expensive equipment. A
simpler approach involves using polymer mixtures of PVP with polymers that can be easily crosslinked by
adding non-toxic reagents. Sodium alginate is used as a second polymer in these mixtures [9].



Sodium alginate is a naturally occurring polysaccharide obtained from brown algae. It is a heteropolymer
composed of polyuronic acid residues (D-mannuronic and L-guluronic acids are present in varying
proportions, depending on the specific algae species. Adding divalent, trivalent, or tetravalent metal salts to
sodium alginate solution forms insoluble alginates of these metals, which are often used for the partial
bonding of alginate-containing materials [10]. Polyvinylpyrrolidone mixtures with alginate [11] are known to
be used as wound dressings.

A large bone defect can be filled with microspheres. They adapt better to the irregularity of the bone defect
than cement. The microspheres support alginate andB-TCP and HA microglobules replaced by alginate/Sr
form bone and are replaced by bone tissue without any allergic or inflammatory reactions [12,13].

Polymer and calcium phosphate compounds are also used to deliver the targeted drug via gradual release
[12]. For example, alginate-Self-hardening B-TCP, being biodegradable, is able to release an antimicrobial
drug during absorption [13], in addition to alginate-gelatin-HA [14].

One of the important properties of composite materials for bone regeneration is not only the preservation of
cell proliferation, but also osteoconduction, i.e., the ability of bone cells to adhere to and proliferate on the
implant surface [15]. The material contains an alginate (1%) - gelatin (2.5%) composition.HA (0.5%) on a
high index for this property [16].

The incorporation of calcium phosphate into the polymer matrix is promising from the perspective of
imparting hemostatic properties to the material. The aim of this work is to obtain polymer-based composite
materials fromPVP and sodium alginate containing hydroxyapatite carbonate (CalO(PO4)x(CO3)y(OH)2,
CHA), and studying their microstructure, strength and biological behavior in the laboratory.

2. Preparation Materials and methods Measurement:

To obtain composite membrane materials fromFor PVP and HA, in situ synthesis of HA was carried out in a
3 wt% solution of PVP and sodium alginate according to reaction (1). The reaction mixture was then poured
onto a polyethylene substrate and dried at room temperature and 80—-100% humidity. To increase the stability
of the films in aqueous solutions, they were partially crosslinked by immersing the dried film in a 5%
solution of iron(IIl) salicylate coordination compound. The HA content in the polymer matrix was in the
range of 1-10 wt%. To obtain bulk porous composites, a mixture of PVP and HA was prepared, synthesized
off-site according to reaction (2), and heat-treated at 400 °C to remove byproducts. The resulting mixture was
then blended with the addition of 0.001% sodium dodecyl sulfate using an overhead mixer at a speed of 1500
rpm. The foam mass was squeezed through a syringe into a solution of ferrous salicylate (3+). After 5
minutes the bulk material was removed from the solution, frozen at -10°C, and then dried in an LS-1000
freeze dryer.

10Ca(NO3)2 + x(NH4)2HPO4 + y(NH4)2CO3 + 8NH4OH —Ca10(PO4)x(CO3)y(OH)2 + 2NH4NO3
+ H20 (1)
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10Ca0 + x(NH4)2HPO4 + y(NH4)2CO3 + 2H20 — Cal0(PO4)x(CO3)y(OH)2 +
(2x+2y)NH31 (2)

The degree of swelling of membranes made from polyvinylpyrrolidone mixtures with sodium alginate was
determined by the change in mass when immersed in a physiological solution. The porosity of the bulk
materials was determined using a porosity meter.TriStar 3000.

The fine structure of the membranes was studied using a scanning electron microscope (SEM) using the
Tescan Vega Il scanning electron microscope (Czech Republic).

Electron magnetic resonance studies were conducted (EPR) was performed on Bruker Elexsys E580 (X-
band, v =9.61 GHz) and E680 (W-band, v = 94 GHz) spectrometers, which are also equipped with a helium
purification chiller and a thermostat system to achieve specific temperatures in the range of 6 to 300 K. In
pulsed mode, the Hahn sequence n/2—t—n—1—(electron spin resonance (ESE)) was used, where the duration
n/2 = 64 ns and t = 250 ns. Electron magnetic resonance spectra were obtained by measuring the integrated
density of electron magnetic resonance during continuous scanning of the magnetic field B0O. The
photomagnetic centers were excited by continuous laser irradiation at wavelengths A = 266 nm and A = 355
nm. To create stable radiation centers, the samples were exposed at room temperature to X-ray radiation for
one hour on a URS-55 device with an absorption dose of 15 kGy.

3. Results and discussion:

The ability of the membranes to swell was determined by the change in the mass of the membranes when
immersed in a physiological solution (Table 1).

Table 1. Degree of swelling of interconnected membranes immersed in saline solution

Samples Time to reach Swelling degree, Swelling degree,
maximum wt.% wt.% a day later
swelling, min

Alginate 18 294 281

Alginate + CHA 20 300 292

Alginate-PVP (2:1) 15 311 266

Alginate- PVP (2:1)+CHA | 15 280 257

Alginate-PVP (1:1) 3 350 291

Alginate- PVP (1:1)+CHA | 5 300 284

Related films have similar swelling values; insertionPVP increases swelling. Adding CHA, even at a 5%
concentration, reduces the films' ability to swell due to the compression of the material, as can be seen in
Figure 2. The decrease in the mass of the swollen samples after one day can be explained by the relaxation of
the polymer chains and the release of a certain amount of fluid into the surrounding solution volume. Adding
CHA affects this process in the same way as swelling.
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With the introductionln the alginate matrix, the degree of film swelling is slightly reduced, while with the
introduction of DCPD into the PVP-alginate mixed matrix, the degree of swelling increases compared to the
original matrix. Cross-linking of the film with iron salicylate leads to a decrease in swelling. This can be
explained by the increased number of bonds between the large polymer molecules, making it more difficult
for water molecules to penetrate the cells between the PVP and alginate molecules. The swelling of the
membranes is likely related to the filling of the pore space with fluid.

The fine structure of the mixed film fromPVP and sodium alginate are porous (Figure 1), with pore sizes
ranging from 10 to over 100 micrometers, and interpore wall thicknesses of 5-10 micrometers.

(a) (b)

Figure 1. Scanning electron microscope image of: a) A section of mixed film fromPVP-alginate; b)
Mixed film of PVP-alginate with CHA crystals

The film structure represents polymer walls containingHA (Figure 1b). The size of HA particles ranges from
several micrometers to 15-20 micrometers, and the pore size within the film is 4-5 micrometers.

Regarding the samples (In HA and HA-PVP, the EPR signal is not observed due to the absence of magnetic
centers (PCs) in the material structure. Photoirradiation or X-ray irradiation of the samples allows for the
formation of photo-induced or radioactively induced magnetic centers with a spin S = '2, which belong to the
stable free radical (FR) class. The samples under study contain a synthesis byproduct—ammonium nitrate—
which, after irradiation, transforms into the magnetic state NO2-3. The EPR spectrum of the nitrogen radical
in HA-PVP is presented in Figure 3. This SR has previously been shown to be a suitable spin probe for
studying the local environment of magnetic centers [17]. Figure 2 illustrates the dependence of the EPR
spectra on the PVP concentration, where, with increasing polymer content, there is an increase in the
ultrafine reaction constant (HFC) A(2A).L(Pure HA - 67.7 g, HA-0.07 PVP - 68.7 g, HA-0.69 PVP - 70 g;
2A|: Pure HA - 134.4 g, HA-0.07 PVP - 135.5 g, HA-0.69 PVP - 136.5 g). Calculations of the contributions
to the HFC value show that the increase in constant A occurred mainly due to the isotropic component
(Fermi reaction), the mechanism of which is related to the presence of electron density of FP on the 14N
nitrogen nucleus with nuclear spin I = 1. Apparently, the insulating surface of PVP concentrates/distorts the
electron cloud of near-surface nitrogen radicals on the 14N nitrogen nucleus. Other (additional) explanations
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for the observed effect: 1) For HA-PVP, we observe near-surface nitrogen radicals with a distorted electron
cloud, which, due to the polymer shell, do not recombine under the influence of environmental ions; 2) A
change in the degree of polarization of the near-surface radicals due to PVP. The continuous increase in the
HFC constant and the distribution of the value Al indicate an increase in the thickness of the polymer layer
around the HA particles. Monitoring the dimensions of the coating is crucial for medical purposes because
the time required for PVP reabsorption/dissolution during targeted drug delivery and the prolongation of its
therapeutic effect depend on this. Therefore, the EPR method is capable of monitoring the extent to which the
polymer coating covers the HA particles. The absence of amplitude for the central HFC component (ml = 0)
indicates that any changes in the HFS lines are solely due to the constant A.

In this work, the dynamic properties of nitrogen radicals in the range were also studied.X at room
temperature (Table 2). No significant changes were found in the longitudinal relaxation times T1 and
transverse relaxation times T2, indicating that PVP has no effect on the crystal structure of HA.

ESE, T=207K g, ESE, T=207K, X-band ;_.,.,...f_.p---w*“"
HA PVP, x-ray | !
[a) HA pure m, = 0 —HA pure, X-Tay
(b) HA D.O7PVP - — -HA DBSPVP, x-raj,: s
(o) HA 0.BEPVP /4
7
i’
28, |9 /
m=-1 = l m|=+1 mlz—l ::
| :.‘-"l | ! .-
'
(a) | ,-;;
{bjy A , .r’/'
el - '-'":‘."'"”_'f'f . ] . !
334 336 336 340 342 344 346 343 350 3344 3348 3352 3356
B (mT) B (mT)

Figure 2. On the left — illustrates the dependence of spectraEPR for HA on PVP concentration, on the
right - shows the distribution or dispersion of the change in coefficient A|| with PVP concentration.

Table 2. Nitrogen radical relaxation properties depending on concentrationPVP in HA for the value
BO, corresponding to gLIn SpectraEPR (Figure 2).

Samples T1 (Msec) T2 (usec)
HA 28.5 3
HA 0.007 PVP 26 3.13
HA 0.69 PVP 27.6 3.2
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Figure (3) illustrates the effect of ionization (X-rays) and laser radiation at a specific wavelength.A = 266 nm
and A = 355 nm on the W-band high-frequency (HF) EPR spectra of PVP, HA, and HA-0.069PVP.
Depending on the radiation wavelength, different paramagnetic and photoinduced radicals are formed, each
with different activation energies. These centers may have a different local environment from other
neighboring centers, offering prospects for further study of photoinduced radicals using nuclear electron-
double resonance methods. For comparison, samples were chosen after X-ray irradiation, as in this case, the
EPR signals are the most intense and suitable for analysis.

Spectra differHA and PVP differ significantly from each other because they are generated by different types
of free radicals. However, the lack of significant difference between the HA and HA-PVP samples indicates
that the polymer fully bonded to the HA surface. Furthermore, after X-ray exposure, no radiation or
photoinduced PC compounds were detected in the polymer. As with the EPR in the X-band (Table 3), no
effect of PVP was observed on the measured relaxation times T1 and T2 of the paramagnetic centers
observed in HA and HA-PVP.

quartz ESE, T=200K quartz
ESE, W-band —_ ' i
- | _ cavity signal
T = 200 K. PVP cavity signa W-band, x-ray
PVP
28
o= 355 mimm Ig
g
=268 nm HA
Ha-PVP
x-ray . - ] . ] . I . ] .
L L L L 3345 3350 3355 3360 3365
3350 3355 3360 3385 B {mT)

B (mT)

Figure 3. On the left — a pleasant viewEPR for PVP depending on the wavelength of light radiation;
on the right are the EPR spectra of different compounds.

A laboratory experiment showed that a composite material ofPVP-alginates containing HA, synthesized on-
site, exhibited acute cytotoxicity. The cytotoxicity of this HA-containing compound is clearly related to the
degradation of the byproduct of the HA formation reaction (see Reaction 1) — ammonium nitrate — in an
aqueous environment. The degradation of ammonium nitrate occurs according to Equation (3):

NH4NO3 + H20 < NH3 + HNO3 3)

The nitric acid released during hydrolysis leads to cell death, giving the substance cytotoxicity.
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According to the results of transmission electron microscopy studiesTEM found that the shape of the
particles that make up the samples is round as in Figure (3).

Figure 4. ImageTEM for HA composite materials with PVP.

Table 3 shows the results of determining the dimensional properties of materials obtained by different
methods.

Table 3. Powder particle size characteristics obtained from compounds HA-PVP after heat treatment (T =
400°C) determined by TEM and X-ray powder diffraction.

No. PVP content, g HA/PVP ratio Specific SL;rfacc CSR. nm TEM particle
area, m°/g size, nm
: 0 - 18 32 15
2 0.69 14.5 19 18 0
3 138 72 7 2 3
4 2.75 1.6 17 18 45

It was observed that the particle size of the composite materials obtained from the dataTEM significantly
exceeds the value of CSR. It was also shown that the microstructure of the composite materialHA with
uniform PVP as in Figure 5, represented by irregularly shaped lamellar crystals.




Figure 5. The microscopic structure of composite materialsHA with PVP.

Figure (5) indicates that the additionThe conversion of PVP to HA reduces the degree of crystallinity,
thereby increasing the surface roughness of the resulting composite. The importance of controlling surface
roughness in biomedical applications, particularly in bone implants, has been demonstrated.

The results showed a strong correlation between increased surface roughness and bone formation and
resorption. It also contributes to the balance of bone components in bone grafting. Furthermore, it was found
that osteoblast differentiation and osteocellular proliferation depend on surface roughness, thus establishing a
strong relationship between surface roughness and bone-to-implant bonding.

Therefore, the mixture seemsHA/PVP is a desirable and promising field for bone tissue engineering as well
as in biomedical applications for bone grafting and repair.

Figure 5 also shows that the polymer chains are connected to each other by a crosslink in the form of a
network..

It looks like a flat surface. Therefore, calcium phosphate takes the shape of a mold.PVP is the principle of

polymer operation. Based on the above, the molecular arrangement of the components in the polymer matrix
can be described as in Figure (6).
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Figure 6. Representing components HA on a PVP polymer matrix.
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Understanding the nature of the interaction between the components is extremely important due to its
impact on crystal growth and formation. The mechanism and type of bonding between them are still
being studied.HA and PVP are not fully understood. It can be assumed that the formation of HA after
the addition of PVP can occur through hydrogen and ion bonding.

Studies have confirmed the ability of the carbonyl groupC=0 in PVP to form bonds with neighboring
molecules, including the hydroxyl group OH in HA.

In our study, the carbonyl group was found from the beginning and before heat treatment, leading to
the assumption that its association with the hydroxyl groupOH in HA by hydrogen bonding, where the
carbonyl group receives a proton from hydrogen to form the bond, while calcium ions are bonded to
the phosphate group as shown in Figure (7).
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Figure 7. The proposed mechanism for the interactionsPVP with HA through hydrogen bonding.
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that interactionPVP interacts with positive metal ions and can be represented by an ionic bond. This
means that an ionic bond can be formed between the carbonyl group C=0O in PVP and calcium ions, as
illustrated in Figure 8. Through this mechanism, the growth of hydroxyapatite and the crystallization
of calcium phosphate can be controlled using PVP polymer as a template. Here, the carbonyl group is
expected to be adsorbed by the large Ca2+ ions, which in turn attract the PO43- ions to ultimately form
HA.
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Figure 8. The proposed mechanism for the interactions PVP with HA through ionic bonding.
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4. Conclusions:

Based on the results of laboratory studies, it was proven that the resulting mixed films fromPVP and
sodium alginate are biocompatible, and in situ CHA synthesis leads to acute cytotoxicity of the
composite film, associated with the release of reaction byproducts that create an acidic environment.
Ex situ HA-containing materials have been shown to be biocompatible and promising for medical
applications in sealing soft tissue defects. Using a light-induced electrochemical resonance
spectroscopy (ESR) method, the chemical reaction between HA and PVP was confirmed, and a
relationship was established between the ultrafine reaction parameters and the concentration of the
PVP polymer. This finding offers a potential opportunity to control the thickness of the polymer layer
surrounding the HA molecules, which is important for targeted drug delivery and prolonging
therapeutic effects.
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Abstract

Porous gallium arsenide (n-type) wafers with (111) crystal orientation with low electrical resistivity of
(0.00245 Q.cm) were prepared using photochemical etching technique, relying on sunlight as an
alternative light source to artificial sources such as halogen lamps, tungsten lamps, or lasers, due to its
high efficiency, low cost, and environmental sustainability. The results of surface morphology analysis
using atomic force microscopy (AFM) showed the possibility of obtaining porous layers with diverse
surface nature and distinctive nanoscale properties. Experiments were conducted using different
concentrations of hydrofluoric acid (HF 40%, HF 30%, HF 25%), with the removal time fixed at (min60)
and light intensity of (18167 mW/cm?), where the results showed that the thickness of the porous layers
decreased with decreasing acid concentration, reaching (39.47 nm, 27.40 nm, 15.52 nm) respectively,
while the average diameters of the resulting nanoparticles increased, ranging between (55.37 nm, 68.50
nm, 81.70 nm) depending on the acid concentration. It was also found that the surface roughness and
thickness of the porous layer increased with increasing HF acid concentration, while these properties
decreased with decreasing its concentration. These results demonstrate the importance of the effect of HF
acid concentration in controlling the surface morphology of gallium arsenide and the properties of its
porous layers, opening the way for the design of customized nanomaterials that meet the needs of
advanced applications including nanoelectronics, solar cells, and highly sensitive sensors.

Keywords: Porous Gallium Arsenide, Sunlight, Hydrofluoric Acid, Photoelectrochemical Etching,
Porous Layer.

1. Introduction
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Gallium arsenide (GaAs) was first discovered as one of the important semiconductor materials in
the early twentieth century; however, significant interest in it began to grow markedly with the
development of electronic and optoelectronic technologies in the mid-twentieth century [ 1-4]. Over time,
researchers recognized the unique capabilities of gallium arsenide, such as its high efficiency in converting
light into electricity, chemical stability, and ability to operate in high-frequency applications [5—7]. The
first discovery of porous gallium arsenide attracted considerable attention in the early 1990s, when
electrochemical etching methods were used to transform the material’s surface into a porous structure,
leading to enhanced optical properties and an increased effective surface area [8—9].

Porous gallium arsenide technology is considered a major research focus due to its wide range of
applications in electronic and optoelectronic devices. The photoelectrochemical etching method using
hydrofluoric acid (HF) and sunlight has emerged as one of the innovative approaches for preparing this
material. This technique combines chemical reactions with photonic effects to form fine porous structures,
where hydrofluoric acid is distinguished by its ability to dissolve surface oxides, while sunlight provides
the energy required to stimulate electrochemical reactions on the material’s surface [10—12].

In addition, porous gallium arsenide offers exceptional features, including enhanced light
absorption and increased surface interaction with the surrounding environment, making it a strong
candidate for the development of highly efficient and sensitive sensing technologies [13—14]. Controlling
the porous properties of this material enables the fabrication of devices with improved performance
tailored to specific applications, such as high-efficiency solar cells and advanced photodetectors [15-17].

This research aims to investigate the effect of various operational parameters, such as hydrofluoric
acid concentration and solar irradiation intensity, on the structural and optical properties of porous gallium
arsenide. This study represents a vital step toward improving the performance of electronic and
optoelectronic devices through the application of efficient and precise fabrication techniques based on a
thorough understanding of the porous characteristics of gallium arsenide.

2. Experimental Section

N-type gallium arsenide (GaAs) wafers with a (111) crystallographic orientation and a resistivity
of (0.00245 Q-cm), with dimensions of approximately (1 cm x 0.5 cm), were used and prepared by the
photoelectrochemical etching method. This technique belongs to the class of electrode-free methods,
meaning that no external voltage or applied current is used during the etching process. Instead, the motion
of holes depends on the flow of positive charges from the bottom of the sample toward the top, which
occurs as a result of the imbalance in chemical dissolution and the reactions generated on the upper surface
of the sample after exposure to sunlight.

Initially, the wafers were immersed in diluted hydrofluoric acid (HF 10%) for nine minutes to
remove the native oxide layers. Subsequently, they were rinsed with acetone and ethanol for five minutes
to eliminate any remaining HF or adhering impurities, if present. The wafers were then left to dry. After
that, the samples were placed in hydrofluoric acid solutions with different concentrations (HF 40%, HF
30%, and HF 25%) inside a Teflon container at a fixed etching time (60 min) and a constant illumination
intensity of approximately (18,167 mW/cm?). The HF solution covered the mirror-like surface of the
sample, which was fixed facing the light source (sunlight). The sunlight provided a suitable illumination
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intensity, leading to the formation of a porous layer as a result of generating the required current to support
the etching process arising from the motion of positive charge carriers (holes). These charges migrate from
the lower dark surface of the wafer (non-etched) toward the upper illuminated surface (etched).

The occurrence of the etching process and the formation of pores on the upper surface of the wafer
facing the light source (sunlight) were confirmed by observing the appearance of small bubbles on the
GaAs surface, in addition to a noticeable change in its color [18—19]. After completing the etching process,
the wafer was placed in a sealed container (tube) filled with methanol to prevent the formation of an oxide
layer and to preserve the properties of the sample.

The resulting porous structure of the porous GaAs wafers was carefully examined using an atomic
force microscope (AFM), which is considered an essential tool that greatly assists in studying the pore
distribution and size on the surface, as well as analyzing the changes occurring in the crystalline structure
of these wafers due to the photoelectrochemical reaction. This contributes to a comprehensive and accurate
understanding of the properties of the prepared material.

3. Results and Discussion

The results of preparing gallium arsenide wafers demonstrated the formation of a well-defined
porous structure uniformly distributed over the upper surface of the wafers after exposure to sunlight and
hydrofluoric acid (HF) as a chemical activating agent. Atomic force microscopy (AFM) images revealed
a homogeneous distribution of pores across the surface, with variations in pore size and shape depending
on the HF concentration and the duration of sunlight exposure. Three porous gallium arsenide samples
were prepared using different HF concentrations (HF 40%, HF 30%, and HF 25%), while maintaining a
constant etching time of (60 min) and a fixed illumination intensity of (18,167 mW/cm?).

The effect of HF concentration on the surface morphology of the produced porous layer becomes
evident when the wafer is immersed in an HF concentration of (40%). The AFM analysis results, shown
in Figure (1), indicate the formation of a porous layer with a thickness of (39.47 nm), consisting of quasi-
spherical structures with an average diameter of (55.37 nm), as illustrated in Figure (2). The statistical
distribution of the formed particles and grains shows diameter ranges between (35->80 nm). The highest
volume percentage (20.87%) corresponds to particles and grains with diameters of approximately (55 nm).
Meanwhile, the average surface roughness reached (10.3 nm), the root mean square (RMS) roughness
value was (11.9 nm), the surface skewness was (0.00171), and the average peak-to-peak distance was
(41.3 nm). These results indicate that a suitable surface morphology can be achieved, enabling the wafer
to be utilized for the desired applications.
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Figure (1): Surface morphology of the gallium arsenide wafer prepared with a hydrofluoric acid
concentration of (HF 40%), at a constant illumination intensity of (18,167 mW/cm?) and an etching time
of (60 min).
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Figure (2): Statistical distribution of the sizes of the nanoparticles and nanograins formed on the surface
of the wafer shown in Figure (1).
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When a lower HF concentration (30%) is used on another wafer, while all wafer properties and
preparation conditions remain similar to those of the previously prepared sample, the atomic force
microscopy (AFM) analysis reveals a clear effect of HF concentration on the surface morphology of the
resulting porous layer, as shown in Figure (3). This leads to the formation of a porous layer with a thickness
of (27.40 nm), composed of quasi-spherical structures with an average diameter of (68.50 nm), as
illustrated in Figure (4). The statistical distribution of the formed nanoparticles shows a diameter range
between (60285 nm), with the highest volume percentage (26.75%) corresponding to particles with
diameters of approximately (65 nm). Meanwhile, the average surface roughness is (7.05 nm), the root
mean square (RMS) roughness value reaches (8.15 nm), the surface skewness is (1.2e-005), and the
average peak-to-peak distance is (28.2 nm). These characteristics make this sample a favorable option for
applications that require emissions within the visible spectrum.

Figure (3): Surface morphology of the gallium arsenide wafer prepared with a hydrofluoric acid
concentration of (HF 30%), at a constant illumination intensity of (18,167 mW/cm?) and an etching time
of (60 min).
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Figure (4): Statistical distribution of the sizes of the nanoparticles and nanograins formed on the surface
of the wafer shown in Figure (3).

By further reducing the HF concentration compared to the previous cases to (25%), while keeping
the wafer properties and preparation conditions similar to the other prepared samples, the AFM analysis
results clearly show a significant effect of HF concentration on the surface morphology of the resulting
porous layer, as illustrated in Figure (5). This results in the formation of a porous layer with a thickness
of (15.52 nm), composed of quasi-spherical structures with an average diameter of (81.70 nm), as shown
in Figure (6). The statistical distribution of the formed nanoparticles shows diameters ranging from
(65> 140 nm), with the highest volume percentage (19.55%) corresponding to particles with diameters of
approximately (75 nm). The average surface roughness is (3.87 nm), the root mean square (RMS)
roughness value is (4.48 nm), the surface skewness is (-0.00579), and the average peak-to-peak distance
is (15.8 nm). These characteristics provide a foundation for designing tailored nanomaterials to meet the
demands of advanced applications.
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Figure (5): Surface morphology of the gallium arsenide wafer prepared with a hydrofluoric acid
concentration of (HF 25%), at a constant illumination intensity of (18,167 mW/cm?) and an etching time
of (60 min).
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Figure (6): Statistical distribution of the sizes of the nanoparticles and nanograins formed on the surface
of the wafer shown in Figure (5).
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Furthermore, it is evident from the three produced wafers that surface roughness, porous layer
thickness, root mean square (RMS) value, and the average peak-to-peak distance all increase with higher
HF concentration and decrease with lower HF concentration, indicating a direct relationship between
them. The sizes of the crystalline structures on the surface decrease as the etching progresses; however,
nanoparticle or nanograin agglomeration may occur due to the continuation of the etching process, leading
to changes in the sizes of the nanostructures. This results in an increase in the diameters of some particles,
with the particle diameter range for these wafers varying from (55->65->75 nm). It is also observed that
there is a relative variation in the average diameters, which is attributed to the random etching processes
occurring on the wafer surface.

4. Conclusion

Porous gallium arsenide wafers prepared using the photoelectrochemical etching technique, with
sunlight as the light source and hydrofluoric acid as the chemical agent, represent a promising step in the
development of nanomaterials for advanced applications. The results showed that relying on sunlight, as
a sustainable and low-cost source, enhances the efficiency of the process while reducing the environmental
impacts associated with the use of artificial light sources. Additionally, the choice of hydrofluoric acid as
the chemical agent was crucial in achieving high-quality pore formation and a homogeneous surface
structure, contributing to the improvement of the optical and electrical properties of the wafers.

This method can provide an innovative solution for producing porous gallium arsenide wafers for
various applications, such as solar cells and sensors. However, the environmental and health challenges
associated with acid use necessitate the development of safer techniques or the improvement of safety
procedures. Future work may focus on optimizing reaction conditions and enhancing the mechanical and
structural stability of these wafers to open new horizons for their practical applications.
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