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Abstract :

In this research, particles were prepared.FesOs nanoparticles were prepared using papaya extract in its
aqueous and alcoholic forms, coated with varying proportions of chitosan (5%, 10%, 15%), with the aim of
studying the effect of the nature of the extract and the proportion of chitosan on the structural, morphological
and magnetic properties of the particles.

X-ray diffraction results showed(XRD) showed that all samples maintained the typical inverse cubic
crystal structure of iron oxide FesOa. The highest crystal size was recorded in the samples prepared with the
aqueous extract at 15% chitosan, reaching approximately 152.7 nm, while it decreased to 100.4 nm in the
alcoholic samples at the same ratio, reflecting the ability of the alcoholic extract to inhibit crystal growth due
to its effective surface interactions.

In morphological analysis using scanning electron microscopy(SEM) The alcoholic samples also showed
smaller particle sizes of 67.0 nm, compared to 74.0 nm in the aqueous samples at 15% chitosan, demonstrat-
ing the effectiveness of the alcoholic extract in reducing particle size and enhancing their nanoscale distribu-
tion. TEM analysis supported these results, showing a gradual decrease in particle diameters to 10.1 nm in
the alcoholic system, with a clear shift in shape toward regular spherical shape.

The magnetic properties measured by the techniqueVSM revealed ferromagnetic behavior for all sam-
ples, with the highest magnetic saturation recorded in the 5% alcohol chitosan sample, reaching 63.2 emu/g,
while this value gradually decreased with increasing chitosan. In contrast, the highest magnetoresistance
(Hc) was recorded in the 15% aqueous sample, reaching 140 Oe, demonstrating the bioencapsulation effect
on resistance to remagnetization.

Keywords: Particles fesOs Nanoparticles, Papaya Extract, Chitosan, X-Ray Diffraction (XRD), Scan-
ning Electron Microscopy (SEM, TEM), Magnetic Properties (VSM).

daeodl dygill Fe;0s & losuund duwublieollg duss sl yolgddl duwlys
Olwgli I Wl go (Jgadllg ilaJl LUWI ualdiue pladiwl
il o g L ooy ool sl L Tsole vyj playy
chjuoll auud / pglell auls / ¢Jgsys dools cbjudll auud / pglell duls / cyysi deols

rgyoliiuo

s Ll e i oSy L iy LU s oty £ 51 s i e ol s 3 o
4:.:.§JJ|UA;LA:L\J_GQL..“}..'LQ\M}umml\wﬁbub:u.x_rd.bj‘ﬂ5/cTO/gS/)u\_wrlﬁ\u_u\_»jLu
ezl L BUAL s L o 55, 5105

M\M\M\éjwlwﬁﬂ\ywbbuw|C&uT(XRD)wlwm;R@bur&T
cd\_wj.\.’lS'IS/w.\_&wmu.a.B;mlb M‘UL-“"“(}L.E)}-LR&JJ‘WV—"U} FesO4J~_:JJ-\J.._mS)Y
w&»Ucw\Muufﬁ\uw|&ﬂyb100 4&‘#”‘0‘-"(3‘}-‘}"4152 7j_>ur_>r_4—|tbg';_a-
G dmle el Ao () U sl a5 Lo J STl Wl 0

WWWTL&T@M\UQJ\U%|a(SEM)c_wLUg)f_ﬁy\rﬁllr\.ka__:l{@ﬂf)jl\&w\é
ok il e Jun Le 157 0w gl 4w e Al ol 3 e 50 74.0 5 45 ,le e 5L 67.0 U] o
G U5 Lol gl oo ol oo TEM L (03|55 551 L5 5 5 555 Sl g 5§ L5
A_Q.)a.“l\ujﬁ\yudg_wﬂ(al_b\d(z\_:cj_w}c»céyﬁﬂrw\dﬂyb10Td|yj_.,pju\(md—\)l_b|

C_WJ_;\J»WCAcuLwJ\Cw.LWLLM)ﬁJA_«uJMwVSMWmM\WLA\ua_:LAL\L»\
& -Olu Sl asly 5 LBt 55 el odon Consrl 5 (e (3 comulg 6 3. zc_mu,.,tss/wuf&ﬂwwww
S cadadl ‘LJ.;JJ_;L:‘Oe140g.._a.l.vg.._:»cT5/Muﬁ\@\J(Hc)wwu)m&\m‘&LA\
caaedlisle| daglie &

G AN el e A a5 5 Ol sl LU Galie s iy S Fei0s ol ¢ A il oo IS




Study of The Structural and Magnetic Properties of Particlesfe;O+ Nanoparticles Modified
........................................................ Reham Zaid Hadi, Najat Ahmed Daham ,

|| 302

Hussein Saleh Akbar

1-Introduction

Magnetic nanoparticles form a type
FesOs magnetite is a cornerstone of
many advanced applications, partic-
ularly in biomedicine, drug delivery,
magnetic resonance imaging, and en-
vironmental and industrial applications
such as pollutant removal or magnet-
ic catalysis. This interest is due to its
unique properties, such as its nanoscale
size, high surface properties, and ferro-
magnetic behavior at certain tempera-
tures, which give it a high ability to
interact within both physical and bio-
logical systems [1].

In recent years, researchers have
turned to the use of biopreparation
methods.(Bio-synthesis) as environ-
mentally friendly alternatives that are
safer than traditional physical and
chemical methods, as these methods
allow the synthesis of nanoparticles us-
ing plant extracts containing effective
organic compounds such as phenols,
flavonoids, terpenes, and alkaloids,
which are substances capable of reduc-
ing and stabilizing metal ions without
the need for toxic materials [2].

In this context, papaya is considered-

Carica papaya is a plant source rich in
these compounds. Numerous studies
have shown that its extract, whether
aqueous or alcoholic, has a high ability
to stimulate the formation of nanoparti-
cles, providing them with multiple func-
tional properties [3]. Chitosan, a bio-
polymer derived from chitin, is widely
used in nanoparticle encapsulation due
to its positive charge, antibacterial prop-
erties, and excellent biocompatibility,
which enhances particle stability and
prevents aggregation [4].

On the other hand, the structural and
magnetic properties of these particles
play a crucial role in determining their
functional performance. Using tech-
niques such as X-ray diffraction(X-
RD), the nature of the crystal phases
can be studied and the crystal size can
be accurately calculated, while scan-
ning electron microscopy (SEM) and
transmission microscopy (TEM) are
used to reveal the shape, size and sur-
face distribution of particles [5]. The
technique of magnetic properties anal-
ysis (VSM) is used to understand the
nature of magnetic behavior and de-
termine important parameters such as

magnetic saturation (Ms), remanent
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magnetization (Mr) and coercive field
(Hc), which are directly related to the

particle size and surface composition

[6].

2-Preparation method

2-1 Preparation of Pure FesOs
Particles

FesO4 nanoparticles were prepared
using the co-precipitation method. Fer-
ric chloride hexahydrate (FeCls 6H20,
99% purity, Sigma-Aldrich, Germa-
ny) and ferrous chloride heptahydrate
(FeSO4 7TH20, 99% purity, Sigma-Al-
drich, Germany) were dissolved in 100
mL of deionized water at a 1:2 molar
ratio. The solution was then heated to
80°C using a magnetic stirrer (IKA,
Germany) under nitrogen gas to pre-
vent oxidation of the Fes* ions by at-
mospheric oxygen during the reaction.

The pH of the solution was adjust-
ed and monitored using a pH meter
(Hanna Instruments, USA), gradually
increasing to pH = 11 by adding 2M
sodium hydroxide solution prepared
from NaOH granules (99% purity,
Merck, Germany) using a drip funnel
to ensure gradual addition of the base.
As the pH increased, a black precipitate

of FesO4 was formed, which was sepa-
rated using a strong neodymium mag-
net, washed several times with distilled
water and ethanol to remove impurities
and unreacted ions, and finally dried in
an electric oven (Memmert, Germany)
at 60°C for 12 h.ed in an oven at 60°C
for 12 h.

2-2 Preparation of Papaya Extract

Papaya extract was extracted using
two different methods: aqueous and al-
coholic extracts, as follows:

1. Aqueous Extract:

100 grams of dried papaya pow-
der was placed in a Soxhlet extractor
(Shanghai Shenshun Company, Chi-
na) with 200 ml of distilled water. The
extraction process continued for 1.5
hours at the boiling point of the water.

2. Alcoholic Extract:

This was performed using the same
method as above, replacing the dis-
tilled water with 200 ml of absolute
ethanol (99.9%, Merck Company, Ger-
many). After extraction, both extracts
were filtered using Whatman No. 1
filter paper to remove impurities. The
extracted solutions were then stored in
tightly sealed bottles in a refrigerator at
4-8°C until use.
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Figure (1) Device(extractor Sexhlet)

2-3 Preparation of FesO4 Modified
with Papaya Extract and Chitosan

FesO4 modified particles were pre-
pared by adding papaya extract (either
aqueous or alcoholic) and encapsulat-
ing them with chitosan according to
the following steps:

1. Chitosan powder (purity > 85%,
Sigma-Aldrich, Germany) was dis-
solved in 1% acetic acid (Merck, Ger-
many) to prepare a concentrated chi-
tosan solution.

2. The previously prepared FesOs
nanoparticles were mixed with papa-
ya extract at a 1:1 (w/v) ratio using a
magnetic mixer (IKA, Germany) to
achieve a homogeneous distribution of

the extract on the particle surface.

3. Chitosan solution was added to
the previous mixture at different ra-
tios (5%, 10%, 15%), with continuous
magnetic stirring at 50°C for one hour
to ensure complete homogeneity of the
components.

4. After preparation, the product was
separated using a strong neodymium
magnet and washed several times with
distilled water and ethanol to remove
excess chitosan and plant extracts.

5. Finally, the product was dried in
an electric oven (Memmert, Germany)
at 60°C for 12 hours to obtain the final
modified FesOs powder.



305 ||

dudlyell deoladl - dyyUl duds - duodellg dugy il Sluwlyadl ddoo
02026 Jluu - cbjuoll ogle - ol alaoll - Jgiiellg el sao i

Figure (2) General form of the system used

3- Results and discussion
3-1X-ray diffraction(XRD)

FesO4 XRD X-ray diffraction results
showed a distinct crystalline pattern
that reflects the uniform crystal nature
of the prepared material. Six main dif-
fraction peaks appeared at 20 angles
(30.50°,35.90°,43.50°,53.90°, 57.40°,
63.00°) Crystalline (220), (311), (400),
(422), (511), and (440) respectively,
all of which are compatible with the
reverse cube of magnetic iron oxide.
Fesos. FWHM was between 0.72° and
0.80°, and the inter-distance (D-Spac-
ing) ranged between 2.929 A and 1.474

A, while the sizes of crystals calculated
by an equation ranged Shearer is be-
tween 111.3 and 124.2 nm, indicating
the formation of relatively good crys-
talline nanoparticles[1]

The structural properties of iron ox-
ide nanoparticles were studied.(FesOa)
using X-ray diffraction (XRD) technol-
ogy to identify crystalline phases, ver-
ify phase purity, and measure crystal
size and the effect of various additives
on it. The study included three groups
of samples: Fes;O4 pure, FesOs formu-
lated with aqueous papaya extract with

chitosan, and FesOa formulated using
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alcoholic papaya extract with chitosan.

When aqueous extract with chi-
tosan in the composition FesOs addi-
tional peaks were observed at angles
of 20° and 22.5°, attributed to chitosan
and papaya extract, a clear indication
of surface biological modification. A
gradual increase in the crystal size was
also observed FesO4 with increasing
chitosan concentration, for example,
at 5% chitosan, the crystalline size
ranged between 124.4 and 136.8 nm,
while at 10%, it increased to 145.4 nm,

and then reached a maximum value at
15% chitosan, reaching 152.7 nm. This
increase in crystalline size is attributed
to chitosan’s role in promoting crystal
growth by reducing defects on the par-
ticle surfaces. The stability ofd-spacing
and clarity of the peaks indicate that
the introduction of the extract did not
negatively affect the synthesis FesOq
rather, 1t contributed to improving
structural regularity.[7]. These results
are clearly shown in Figure (3) and Ta-
ble (1).

Table (1) X-ray diffraction results in the aqueous extract case

(%) | 20 (°) | FWHM (°) | d-spacing (A) | Crystallite Size (nm) | Miller Index sl
Fe304% | 30.5 0.74 2.929 111.3 (220) Fe;O4

359 0.72 2.499 116.0 (311) FesO4
43.5 0.75 2.079 114.0 (400) Fes04
53.9 0.8 1.7 111.4 (422) Fes04
57.4 0.77 1.604 117.6 (511) FesO4
63.0 0.75 1.474 124.2 (440) FesO4

10% 20.0 1.2 4.43 7.5 Chitosan
22.5 1.1 3.95 8.3 Papaya Extract
30.2 0.61 2.957 134.9 (111) FesO4
35.5 0.63 2.527 132.4 (220) Fes04
43.2 0.6 2.092 142.4 (311) FesO4
535 0.62 1.711 143.5 (400) FesO4
57.4 0.66 1.604 137.2 (422) Fes04
62.8 0.64 1.478 145.4 (511) FesO4
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(%) |20 (°) | FWHM (°) | d-spacing (A) | Crystallite Size (nm) | Miller Index sl
15% 20.0 1.2 4.43 7.5 Chitosan
22.5 1.1 3.95 8.3 Papaya Extract
30.3 0.58 2.947 141.9 (111) Fes04
35.6 0.6 2.52 139.1 (220) FesOq
43.3 0.57 2.088 150.0 (311) FesOq
53.6 0.59 1.708 150.9 (400) FesOq
57.5 0.63 1.601 143.8 (422) Fes04
62.9 0.61 1.476 152.7 (511) FesOq
5% 20.0 1.2 4.43 7.5 Chitosan
22.5 1.1 3.95 8.3 Papaya Extract
30.0 0.65 2.976 126.5 (111) FesOq
353 0.67 2.541 124.4 (220) Fes04
43.1 0.63 2.097 135.6 (311) Fes04
534 0.66 1.714 134.7 (400) FesOq
57.2 0.69 1.609 131.1 (422) FesOq
62.7 0.68 1.481 136.8 (511) Fes04
: =,
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s ge a 2% = gé —
4500 é g a3 £ $: Eg 23 54

4000

3500

3000

2500

2000

1000

45 20 30 a0 50 5] 70
28 (degrees)

Intensity (a.u.) + Offset

Figure (3) X-ray diffraction pattern of the aqueous extract.
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However, when using the alcoholic
papaya extract with chitosan, a differ-
ent behavior was observed. Although
the same characteristic peaks appeared
for FesO4 then the FWHM was high-
er, which was reflected in a decrease
in the calculated crystal size compared
to the aqueous state. At 5% chitosan,
the crystal size was around 120.3 nm,
and it gradually decreased to 100.4 nm
at 15% chitosan. This decrease in crys-
tal size suggests that the active com-
pounds in the alcoholic extract (such

as phenols) partially limited crystal
growth by binding to the surfaces of
the growing crystals, which led to a re-
striction in the diffusion of the crystal
edges. The higher FWHM values in
these samples (between 0.73°—0.88°)
compared to the aqueous state rein-
forces this interpretation. Despite this
decrease, the structural regularity re-
mained preserved, as indicated by the
symmetry of the peaks [8]. These data
are shown in Figure (4) and Table (2).

Table (2) X-ray diffraction results in the case of alcoholic extract

coma | 20 | T R ey | |
& FesO4| 305 0.8 2.929 105.2 (220) FesOq
359 | 0.82 2.499 104.0 (311) FesO4
435 | 0.85 2.079 102.7 (400) FesOq
539 | 0.88 1.7 101.4 (422) FesOq
574 | 091 1.604 99.8 (511) FesOq
63.0 | 0.94 1.474 98.3 (440) FesOq
0% 30.5 | 0.74 2.929 111.3 (220) Fe;Os
359 | 0.72 2.499 116.0 (311) FesOq
435 | 0.75 2.079 114.0 (400) FesOq
53.9 0.8 1.7 111.4 (422) FesO4
574 | 0.77 1.604 117.6 (511) FesOq
63.0 | 0.75 1.474 124.2 (440) FesOq
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5% 62.7 0.68 1.481 136.8 (511) FesOa
57.2 0.69 1.609 131.1 (422) Fes0a
43.1 0.63 2.097 135.6 (311) FesOa
53.4 0.66 1.714 134.7 (400) FesOa
30.0 0.65 2.976 126.5 (111) FesOa
22.5 1.1 3.95 8.3 Papaya Extract
20.0 1.2 4.43 7.5 Chitosan
353 0.67 2.541 124.4 (220) FesOa

10% 62.8 | 0.64 1.478 145.4 (511) FesOs
57.4 0.66 1.604 137.2 (422) Fes0a
43.2 0.6 2.092 142.4 (311) Fes0a
53.5 0.62 1.711 143.5 (400) FesO4
30.2 0.61 2.957 134.9 (111) FesO4
22.5 1.1 3.95 8.3 Papaya Extract
20.0 1.2 4.43 7.5 Chitosan
35.5 0.63 2.527 132.4 (220) Fes;0s

15% 57.5 0.63 1.601 143.8 (422) ON
20.0 1.2 4.43 7.5 Chitosan
22.5 1.1 3.95 8.3 Papaya Extract
30.3 0.58 2.947 141.9 (111) FesO4
35.6 0.6 2.52 139.1 (220) Fes;0s
433 0.57 2.088 150.0 (311) Fes;0s
53.6 0.59 1.708 150.9 (400) Fes;0a
62.9 0.61 1.476 152.7 (511) Fes;0s
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Figure (4) X-ray diffraction pattern of the alcoholic extract

Comparing the three cases, it is
noted that the pure sample exhibited
excellent crystalline regularity with
a medium crystal size. Meanwhile,
the aqueous extract with chitosan sig-
nificantly enhanced crystal growth,
resulting in the highest recorded crys-
tal size. In contrast, the alcoholic ex-
tract maintained crystal regularity but
slightly inhibited growth, resulting in
more stable particles with a lower crys-
tal size, which 1s desirable for some

applications requiring a fine-scale dis-

tribution of nanoparticles. Therefore,
the efficiency of the system depends
on the nature of the final application.
If applications require larger crystals
(such as in magnetic fields), the aque-
ous sample may be preferred, while for
biological or catalytic applications that
require smaller nanoparticle sizes and
higher stability, the alcoholic system is
a better choice.

2scanning electron micro-
scope(SEM)

SEM images of pure FesO4 showed
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quasi-spherical particles with an aver-
age size of 97.5 nm and a standard de-
viation of 2.8 nm. The sample prepared
with the aqueous extract retained its
nearly spherical shape with some sur-
face agglomeration resulting from the
encapsulation of chitosan and biocom-
posites.

Scanning electron microscope anal-
ysis results showed(SEM) Significant
difference in grain size values between
the three samples: FesO4 pure, aque-
ous, and alcoholic extract-prepared
samples coated with varying propor-
tions of chitosan were analyzed. This
analysis provides an accurate picture
of the effect of both the plant extract
and the nature of the biopolymer (chi-
tosan) on the growth and distribution
of nanoparticles.

When papaya water extract to FesO4
then, the resulting particles were coated
with chitosan polymer at ratios of 5%,
10%, and 15%. A gradual decrease in
the particle size was observed from86.0
nm to 80.0 nm and then to 74.0 nm re-
spectivelyAs shown in Table (3) and
Figure (5)This decrease is attributed
to the effect of the amorphous surface
layer formed by chitosan on the par-
ticles, which suppresses natural grain
growth and prevents the crystals from
coalescing together.[9]. The presence
of active compounds in the aqueous
extract also contributed to some struc-
tural stabilization of the particles, but
with relatively limited effectiveness
due to the less chemically active nature
of the aqueous extract compared to the
alcoholic one.

Table (3) Scanning electron microscope results in the aqueous extract condition.

Chitosan percentage grain size(nm) standard deviation
Pure Fe304 97.5 2.8
5% 86.0 33
10% 80.0 2.1
15% 74.0 2.6
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Figure (5) Microscopic images of samples in the aqueous extract state and
with different percentages of catiosan additions.

The FesO4 sample prepared with al-
coholic extract showed a smaller crys-
tal size of 83 nm with a standard de-
viation of 2.8 nm, with a more uniform
distribution and smoother surface tex-
ture due to the effect of the alcoholic
extract and the chitosan layer.

In the case of the alcoholic papaya

extract, the results were more evident

in terms of stabilization effectiveness
and control of particle size. The par-
ticle size decreased from77.0 nm at
5% chitosan to 72.0 nm at 10%, then
to 67.0 nm at 15%As shown in Table
(4) and Figure (6)This decrease is an
indication of the effectiveness of the
alcoholic extract in controlling particle
growth, due to its higher concentration
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of phenolic and terpenic compounds
with high inhibitory activity. These
compounds work to trap growing par-
ticles and prevent them from coalesc-
ing into large aggregates, leading to the
formation of finer and more uniform
nanoparticles..

The electrostatic bond between the
positive amine groups in chitosan and
the surface components of the particles
helped create an outer layer that pre-
vents merging between neighboring
particles, which explains the gradual
decrease in particle size with the in-
crease in the proportion of chitosan in
both types of extracts.[10]

Comparing the two types, it can be
said that the alcoholic extract demon-
strated a better ability to adjust the

particle size and control the regularity
of the particles, which reinforces the
hypothesis that the nature of the alco-
hol-extracted compounds plays an im-
portant role in directing crystal growth
during the preparation process. The ap-
parent consistency in the changes with-
in the alcoholic group compared to the
aqueous group also indicates greater
stability under reaction conditions and
better control over the structural me-
chanics of the particles..

Table (4) Scanning electron microscope results in the extracted state.alcoholic

Chitosan percentage grain size(nm) standard deviation
Pure Fe3o04 83 2.8
5% 77.0 23
10% 72.0 2.17
15% 67.0 1.9
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4 Transmission electron microsco-
peTEM (Transmission Electron Mi-
Croscopy)

TEM images of pure FesO4 particles
showed an irregular spherical shape, with
an average diameter of 14.3 nm, and a to-
tal number of 83 observed particles.

Analysis was performed. TEM to
determine the molecular shape and
measure the average diameters of
nanoparticles prepared in three main
states: FesOa pure, FesOa4 encapsulated

with aqueous papaya extract, chitosan,
and FesO4 encapsulated with alcoholic
extract and chitosan. Images and data
analysis revealed clear changes in mo-
lecular size and shape depending on the
nature of the treatment and the chemi-
cal composition of the nanocomposite.

In the samples in which the aqueous
papaya extract was used with chitosan,
a gradual decrease in the diameter of
the particles was observed.13.5 nm
at 5% chitosan to 10.9 nm at 15%As
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shown in Table (5)The molecular shape ating an ideal encapsulation system,
also gradually changed from irregular which explains the relatively irregular
spherical to semi-spherical, indicating shapes remaining.[11] It also indicates
that the aqueous layer of the plant ex- the presence of simple clumps that may
tract with chitosan restricted the partial have resulted from poor distribution
growth of the particles without cre- within the aqueous medium.

Table (5) Microscope results electronic The windowIn aqueous extract

Chitosan molecular shape | Particle diameter(nm) Number O.f observed
percentage particles
Pure Fe3o04 Irregular spherical 14.3 83
5% irregular spherical 13.5 90
10% irregular spherical 12.2 98
15% semi-spherical 10.9 109

5%Chitosan

pure Fe3o04

10%Chitosan 15%chitosan

Figure (7) Microscopic images of samples
in the aqueous extract state and with different percentages of chitosan added.
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TEM 1mages of pure Fe;Oa4 revealed
a nearly regular semispherical shape,
with an average diameter of 14.7 nm,
and an observed number of 129 parti-
cles.

In contrast, when using alcohol-
ic papaya extract with chitosan, more
consistent and disciplined results were
achieved in terms of both size and
shape. The particles exhibited asemi
Regularly spherical in proportions of
5% and 10% chitosan, gradually trans-
forming into sphericalregularAt 15%.
The diameter also decreased from13.0
nm to 10.1 nm. This behavior reflects
the effectiveness of alcohol-extracted
compounds, such as phenols and ter-
penes, in controlling particle growth
and preventing agglomeration, en-
abling the formation of more stable
and homogeneous nanoshells[12]. The

morphological regularity is attribut-
ed to the stronger interaction between
chitosan and the active compounds in
the alcoholic extract, which provides
a smooth, tight encapsulation that re-
stricts granular growth more precisely
than the aqueous extract.

Overall, it can be said that the addi-
tion of chitosan to the magnetic parti-
cles effectively contributed to reducing
the particle diameters and improving
their uniformity, and that the alcohol-
ic extract was more efficient than the
aqueous extract in directing this effect.
The higher number of particles ob-
served in the alcoholic samples com-
pared to the aqueous ones indicates
better distribution and greater stability
of the particles under the microscope..

Table (6) Microscope results electronic scanner in mint condition alcoholic

Chitosan percentage molecular shape . Particle Number O.f observed
diameter(nm) particles
Pure Fe3o04 Semispherical 14.7 129
5% semispherical 13.0 117
10% semiregular 11.8 124
15% regular spherical 10.1 111
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pure Fe3o4

' 10%Chitosan

5% Chitosan

Figure (8) Microscopic images of samples in the extracted state.alcoholic
With different additions of chitosan

15%chitosan

3-4 Vibration MagnetometerVSM

The VSM results of the pure FesOa
sample showed strong magnetic prop-
erties, with a magnetic saturation (Ms)
of about 68.5 emu/g, a magnetic resid-
ual (Mr) of 6.1 emu/g, and a magnetic
retention strength (Hc) of 112 Oe, indi-
cating a distinct magnetic behavior with
moderate magnetic residual retention.

Magnetic results obtained using the
technique showed thatVSM showed a
clear change in the magnetic properties

of nanoparticles depending on the sam-
ple type and composition, starting with
FesOs4 With papaya extracts (aqueous
and alcoholic) and encapsulated with
different proportions of chitosan.
When aqueous papaya extract is in-
troduced into the formula FesOs with
the particles coated with varying pro-
portions of chitosan (5%, 10%, 15%),
a gradual decrease inMs, where val-
ues decreased from 61.3 emu/g to

55.8 emu/g and then to 49.7 emu/g,
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which confirms that the introduction
of non-magnetic materials such as chi-
tosan and bio-based compounds in the
aqueous extract reduces the relative
concentration of magnetic material
within the system, thus reducing the
overall ability of the particles to satu-
rate under the magnetic field. Mr values
also witnessed a gradual decrease from
5.4 to 4.7 and then to 3.9 emu/g,As in
Figure (9)This indicates that the mate-
rial became less able to retain its mag-

netism after the field was removed, due
to the insulating effect of the bio-coat-
ing layers.[13,14]. As for the coercive
field Hc, a gradual increase was ob-
served from 125 to 132 and then to 140
Oe, reflecting that the particles became
more resistant to changing their mag-
netic orientation due to surface bar-
riers and interferences caused by the
chitosan layer and water compounds,
which is an expected magnetic behav-
ior in systems with dense packing.

Table (7) Results VSM for samples in aqueous extract state

— 15% Chitosan

20

Magnetization M (emu/g)
[ =1

-40

—60

Chitosan percentage Ms (emu/g) Mr. (emu/g) Hc (Oe)
Pure Fe3o4 68.5 6.1 112
5% 61.3 54 125
10% 55.8 4.7 132
15% 49.7 3.9 140
&0
Chitosan Ratio
= Fe:0s Pure
— 5% Chitosan
40 [ =—— 10% Chitosan

~T0000 —7500 —5000 —2500

Magnetic Field H (Qe)

Figure (10) a plan VSM for samples in aqueous extract state

0 2500 5000 7500 10000
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The

showed a slight decrease in magnet-

alcohol-prepared  sample
1c saturation, with Ms of about 66.1
emu/g, Mr of 5.9 emu/g and Hc of 113
Oe, indicating that the sample retained
good magnetic properties with limited
influence of the alcoholic extract on
the magnetic behavior.

When using alcoholic papaya ex-
tract instead of aqueous, the samples
showed better and more stable mag-
netic properties. In the 5% chitosan
sample,The Ms value was 63.2 emu/g,
which is higher than the correspond-
ing value in the aqueous sample. Ms
continued to gradually decrease with
increasing chitosan content, reach-
ing 58.5 emu/g at 10% and then 52.4
emu/g at 15%. However, these values
remained higher in all cases than their
counterparts in the aqueous group. This
indicates that the alcoholic extract con-
tains active compounds that have a less
isolating effect on the nanoparticles,
contributing to a greater preservation
of magnetic performance [15,16]. The
alcoholic samples were also observed
to have superior Mr values, starting at
5.8 emu/g and gradually decreasing to
5.1 and then 4.2 emu/g, while main-

taining a clear difference compared to

the aqueous sample. The coercive field,
Hc, maintained lower values than the
aqueous sample, being 115 Oe at 5%
and then increasing to 121 and 130 Oe,
respectively.As in Table (8) and Figure
(11)This indicates a more flexible and
rapid magnetic response in alcohol par-
ticles, a desirable property in biological
applications that require instantaneous
and dynamic response under the influ-
ence of external magnetic fields..

The superiority of the alcohol system
in magnetic properties is due to the fact
that alcohol-extracted biomolecules are
more effective at forming thin, uniform
shells around the particles, ensuring
better nanodispersion and reducing ag-
glomeration and surface interference
that hinders magnetic interaction. Con-
versely, the aqueous system often re-
sults in the formation of thicker, more
heterogeneous shells, which weakens
the overall magnetic effect and increas-
es resistance to moment rearrangement.
Therefore, it can be said that encap-
sulation Fe;O4 alcoholic extract with
chitosan provides an ideal balance be-
tween magnetic performance and par-
ticle stability, making it the best choice
for biological applications that rely on

magnetic field control.
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Table (8) Results VSM For samples in alcoholic extract condition

Chitosan percentage Ms (emu/g) Mr. (emu/g) Hc (Oe)
Pure Fe304 66.1 59 113
5% 63.2 5.8 115
10% 58.5 5.1 121
15% 52.4 4.2 130

Chitosan Ratio
B0 | == Fes0s Pure
= 5% Chitosan
— 10% Chitosan
40 | =—— 15% Chitosan

20

Magnetization M (emu/g)
=

40k

7300 -200  -100

Magnetic Field H (Oe)

Figure (11) results VSM for samples in the extracted statealcoholic

0 100 200 300

Conclusions
The study shows that the nature of
the plant extract plays a crucial role
in directing the structural and mag-
netic properties of the particles.Fe;Oa
nanoparticles. The use of the alcohol-

ic extract reduced the crystal and grain

size and enhanced particle regularity. It
also maintained a high magnetic satu-
ration compared to the aqueous extract,
making it more efficient for bio-appli-
cations. In contrast, the aqueous extract
promoted crystal growth and increased
size without adversely affecting the

structure.
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