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Structural and Anticoagulant studies of Mg1-
xZnxFe204, Mg1.xCoxFe204 and Mg1-xNixFe2O4
(x=0.15, 0.25 and 0.35) ferrites synthesized by
Co-precipitation
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ABSTRACT: Mg.«ZnsFe;04, Mgi«CoxFe 04, and Mgi«NiFe 04 ferrites synthesized by using Co-precipitation method.
The structural characterizations of these samples were carried out and the formation of single phase ferrite was substantiated
through powder X-ray diffraction (XRD), which revealed single phase cubic spinel structure, with lattice constants ranging
from 8.323 to 8.353 A, 8.328 to 8.351 A, and 8.315 to 8.366 A for the Mg xZnxFe>O4, Mgi xCoxFe>04, and Mg xNixFe>O4
ferrites, respectively. Surface morphology was investigated through scanning electron microscopic (SEM) analysis. The grain
sizes for the Mgi«ZnyFe 04, Mgi.«CoxFe204, and Mg xNixFe 04 ferrites were found to vary from 3.745 to 4.227 um, 4.034 to
5.08 pm, and 3.946 to 4.887 pum, respectively. The prepared samples showed high anticoagulant properties for the highest
concentration of dopant proved by re-calcification time (RT), prothrombin time (PT) and platelet aggregation measurements.
The higher RT, PT and Activated partial thromboplastin time (aPPT) values for the x=0.35 ferrites and lower platelet
aggregation of the x=0.35 ferrites reveal that the anticoagulant properties of the x=0.35 ferrites are superior to those of the
x=0.15 and x=0.25 ferrites for all samples.
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1. INTRODUCTION properties of nano-materials as compared to that of the bulk
materials. The magnetic semiconductor ferrites occupied a
wide area of technological applications in microwave sets,
radio and TV sets [1]. The transport properties of ferrites are
very sensitive to the chemical composition, sintering
temperature, sintering time, type and amount of substitution.
The long-established applications of the ferrites include thin
films, transformer applications, solar hydrogen production,

Synthesis of the nanomaterials has attracted wide
attention due to their surface effect and quantum confinement
effect. These factors are modifying the physical and chemical
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domain behavior and superparamagnetism [8]. The
magnetism in ferrites originates from the magnetic moments
at the metal ions. The interaction of these magnetic moments
through the intervening O-2 ions is responsible for the
observed magnetic behavior of ferrites. Among the spinel
ferrite zinc ferrite has become a subject of interest because of
its unique properties such as chemical and thermal stability,
high electrical resistivity, low cost, low dielectric loss, high
mechanical hardness and superior environmental stability
and also the dependence of magnetic particle size on particle
size [9-11]. The physical properties can be altered by
introducing the different metallic ions results the cations
distribution modification on the A-and B-sites [12—14].

The study of ferrites usually in most of the cases has been
restricted to their structural, electrical and magnetic
properties only, but the study of mechanical properties of
ferrites has scientific importance due to their wide
applications in industry and in research field because The
Elastic constants are closely related to many important
physical properties of solids [12-17]. Applications for
nanotechnology are increasing quickly across a variety of
fields including food sciences, biology and medicine (drug
delivery and imaging). The delivery of medications and
imaging agents using nanotechnology in medicine helps to
accelerate uptake to target areas, change pharmacokinetic
profiles, and improve the solubility of the drugs. Its simple
preparation, low cost and high reactivity to chemical species

make it a highly suitable material for use in gas sensors. The
coagulation system's significance in vascular physiology and
disease, as well as nanomaterial interactions with other
system components, is a topic that is frequently discussed.
Different methods, including the evaluation of re-
calcification time (RT), prothrombin time (PT), and platelet
aggregations, were used to assess the optimization of the
anticoagulant activity of these ferrites in nanoparticulate
systems, which limits the freedom of these macromolecules
[18-22].

In the present study, the structural properties of the Mg;.
xCoxFe204, Mg «ZnsFe;04 and MgixNixFe 04 (x=0.15, 0.25
and 0.35) ferrites are explored by the XRD and SEM analysis.
Also we discussed about anticoagulant properties of these
ferrite samples by measuring re-calcification time,
prothrombin time and platelet aggregation.

2. EXPERIMENTAL DETAILS
2.1 Materials

Aloe-vera, Methanol, 1, 4-diaminoanthraquinone, ortho-
dichloromethane (ODCB), Triethyl amine (TEA) and
Dimethyl formaldehyde (DMF), 4-Nitrophenol, and H,O;
were purchased from sigma Aldrich.

water separately

Chlorides of all materials of desired sample are dissolved in

Ammonia solution is added to mixed solution to maintain ph of 8

1|

Precipitate is taken out and dried

U

Sample is powdered by using mortor and crusher

owdered sample is

heated to 550°c for 5

hours by using muffle
furnace

Fig. 1. Schematic of sample synthesis and further characterization.
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2.1. Synthesis of ferrite composites

Mgi.xCoxFex04, MgixZniFe;Os4 and Mgi«NixFe,O4 ferrite
samples were fabricated using the economical, eco-friendly
co-precipitation process. For preparing MgixZncFe;O4
ferrite sample, analytical grade compounds of MgCl,-4H,0,
ZnCl, 2H0, and FeCls-6H,0 were individually dissolved in
distilled water to create an ionic solution. Drop by drop,
ammonia solution is added until the pH is 8. Metal
hydroxides were created throughout this process, further
formation of MgixZnFe 04 ferrites [23-26]. Powder was
used from precipitate using a mortar and crusher. The well
powdered sample is heated to 550°C for 6 hours by using
muffle furnace. The similar procedure was followed for
preparing Mgi.xCoxFe 04 and Mgi«NixFe,O4 ferrites. The
schematic illustration of the synthesis route is as shown in
Figure 1.

2.2. Characterizations

The surface morphology of the ferrite composites were
analysed using a scanning electron microscope (SEM, JEOL
Model JSM - 6390LV). The structural studies were done by
X-ray diffractometer (Bruker AXS D8 Advance). The
Amelung KC4A coagulometer was used to monitor re-
calcification time.

3. RESULTS AND DISCUSSION

3.1. Structural properties

The X-ray diffraction patterns of MgixCoxFe,Os4, Mgi.
xZnxFe 04 and Mg «NixFe,04 (x=0.15, 0.25 and 0.35) ferrite
samples are shown in Figure 2. The XRD pattern shows that
all samples consist of single crystalline phase with cubic
spinel structure. The diffraction angle range was 30—70° (20)
with a step of 0.01° at a scan speed of 2°/min. The d-values
and intensities of the diffraction maxima match the literature
data of MgFe,O4 (JCPDC card #00-084-0542) [15, 27]. The
diffraction peaks that correspond to the characteristic
crystallographic planes of the spinel structure of ferrites are
(220), (311), (400), (331), (422), (511), (440) and (531) [28,
29].

Crystal size (D) was computed using the Debye-Scherer

equation as below:
09 A

D= (1)

B cosb

where B is the full width at half maximum of the peak.

Micro strain (¢) and dislocation density (pp) can be
computed utilizing the below equations:

Po = % ()
o= ﬂC4OSl9 (3)

The lattice constant was observed in the range 8.323 to
8.353 A, 8.328 t0 8.351 A and 8.315 to 8.366 A for the Mg;.
ZnFe 04, MgixCoxFer0s4 and MgixNicFe,O4 ferrites
respectively [12-13].
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Fig. 2. XRD Patterns of Mg«ZnxFe,04, Mgi.xCoxFe204 and
Mgi.NixFe 04 (x=0.15, 0.25 and 0.35) ferrites.

Table 1 presents the detailed information for various
concentrations, including the lattice parameter (a), unit cell
volume (V), crystallite size (D), dislocation density (pD), and
microstrain (g) of synthesized ferrite samples. Owing to
Vegard's law, in  Mg;.xZnsFe,O4 ferrites, these parameters
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were found to increase due to enhancement of zinc content;
because Zn'? ionic radius (0.74 A) is greater than that of
Mg*? (0.72 A) [13,19]. In case of Mg;xCoxFe;Oy ferrites,
these parameters were reduced due to enhancement of cobalt
content; because Co*? ionic radius (0.65 A) is shorter than

that of Mg (0.72 A) [30-31]. And in case of Mg xNiFe,O4
ferrites, these parameters were reduced due to enhancement
of nickel content; because Ni*? ionic radius (0.70 A) is
shorter than that of Mg*? (0.72 A) [32-33].

Table 1. Calculated values of lattice parameter (a), Volume of unit cell (V), crystallite size (D), Dislocation Density (pp), micro
strain (g), and Grain sizes of Mgj.xZnxFe,04, Mg «CoxFe,Osand Mg «NixFe;04 (x=0.15, 0.25 and 0.35) ferrites.

Mgl-XanFezO4 Mg1.xC0xF 8204 Mg1.xNixFezO4
Concentration X 0.15 0.25 0.35 0.15 0.25 0.35 0.15 0.25 0.35
Lattice parameter a (A) 8.323 8.350 8.353 8351 8.340 8.328 8.366 8.326 8.315
Volume of unit cell V (10-3° m) 576 582 582 582 580 577 585 577 574
Crystallite size D (nm) 27 27 30 34 32 25 24 41 39
Dislocation Density pp (X104 m2) 139 137 112 868 992 155 17.8 5.84 5.95
Micro Strain £ (X10?) 1.38 2.2 1.34 1233 1.12 1.8 1.6 0.94 0.88
Grain size(num) 3.745 3984 4229 4.67 5.08 4.034  4.887 3.252 3.946

Mg, Zn,Fe,0, Ferrite

Fig. 3. SEM images of Mgi.xZnsFe;04, MgixCoxFe204 and Mg xNicFe 04 (x=0.15, 0.25 and 0.35) ferrites.
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The morphological and microstructural analysis of Mgj.
xZnxFer04, MgixCoxFer04 and Mg xNixFe,04 (x=0.15, 0.25
and 0.35) ferrites were carried out by using JEOL Model
JSM-6390LV. Figure 3 reveal that morphology changes
continuously by varying the concentration of dopant and also
shows that particles are agglomerated into large clusters [34-
35]. The number of ferrites nanoparticles are nearly spherical
in shape and the remaining are irregular polygon. The grain
size of Mgi.xZnxFe;04, MgixCoxFe;04 and Mg «NixFe 04
ferrites varied from 3.745 to 4.227 um, 4.034 to 5.08 um and
3.946 to 4.887 um respectively as measured by Image J
software and is presented in Table 1. The average grain size
is larger than crystallite size measured by XRD, indicating
greater amount of agglomeration during the process of
nucleation. For Mg;«ZnFe>O4 ferrites, the grain size of the
ferrite keeps growing with zinc doping since Zn™ has a
greater ionic radius (0.70 A) than Mg (0.72A). For Mg;.
xCoxFe 0y ferrites, the grain size reduced with cobalt doping
since Co™ has a smaller ionic radius (0.65 A) than that of
Mg (0.72A), while in case of MgixNixFe,O;4 ferrites, the
grain size reduced with nickel doping since Ni*? has a smaller
ionic radius (0.70 A) than that of Mg*? (0.72A) [36-37].

3.2. Anticoagulant properties

Compared to other conventional systems, nanomaterials have
a number of advantages. They can permeate cells and tissues
to reach target organs, they can deliver drugs in a controlled
manner. In particular, the performance of these nanomaterials
can be assessed through anticoagulant assays. The ferrites
can be used to prevent blood coagulation, they can be given
to the people to reduce the chances of conditions such as
strokes and heart attack. Ferrites offer more environment
friendly pathway by shortening reaction time, and avoid
harmful by-products. This will make them the best
anticoagulants to be used in the medical field.

By monitoring re-calcification time in an Amelung KC4A
coagulometer, the ability of ferrite nanoparticles’ to enhance
inhibition of rat plasma coagulation was evaluated (Mount
Holly, NJ). The interval between adding the mixture and
fibrin production is known as the re-calcification time. The
ferrite samples were dissolved in a 0.154 mol/L NaCl

solution for 24 hours before being collected [38-39]. Three
test tubes each in eight separate groups of clean test tubes
were used. The remaining seven groups each had ferrite
samples, whereas the first group was left blank (10 mg each).
Following a 2-minute incubation period at ambient
temperature in a water bath for all samples, each test tube was
filled with a pre-heated mixture of blood plasma (1.0 mL)
and CaCl; solution (0.3 mL, 0.025 mol/L). The solution was
gradually stirred with a stainless steel crotchet until fibrin
was produced [40-41].

Re-calcification time is the clotting time of re-calcified
plasma, its working principle is if an optimum amount of
calcium is added to oxalated plasma containing platelets,
coagulation results, and the time required for clotting has
been termed as re-calcification time.

Prothrombin time (PT) is based on the principle that “in
citrated plasma, addition of thromboplastin CaCl, allows for
the formation of stable clot, the time required for the
formation of stable clot is prothrombin time”. Activated
partial thromboplastin time (aPPT) is based on the principle
that “in citrated plasma, the addition of platelet substitute and
CaCl, allows for the formation of stable clot, the time
required for the formation of stable clot is activated partial
thromboplastin time. Platelet aggregation method checks
how well platelets clump together to form blood clots. Upon
the application of blood sample into polysteryne well, plasma
proteins immediately adhere to the well surface resulting in
platelet aggregation. Prothrombin time (PT) and activated
partial thromboplastin time (aPTT) measurements show how
ferrite materials affect the coagulant. 10 mg of the material
was placed in test tubes with 0.5 mL of blood plasma.
Thereafter, 0.25 mL of the CaCl; solution was added to these
tubes, and the tubes were incubated at 37 °C until the
temperature remained constant. The time of fibrin formation
was recorded as aPTT. The time of blood plasma coagulation
was noted as PT, When the PT agent was introduced in place
of the CaCl,. The platelet aggregation is the phenomenon
through which blood platelets adhere to each other at the sites
of injury. When nanoparticles come in contact with platelets,
they will enhance platelet aggregation process.
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Fig. 4. Variation of Re-calcification time (sec) with concentration of NPs (ug) for Mg;xZnsFe;04, Mg;.xCoxFe2O4 and Mg;.

xNixFe 04 (x=0.15, 0.25 and 0.35) ferrites.
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Re-calcification time in a coagulometer was used to
gauge the efficacy of Mgi«ZnxFe 04, MgxCoxFe,O4 and
Mgi.«NixFerO4 (x=0.15, 0.25 and 0.35) ferrite nanoparticles
to augment suppression of blood coagulation. The duration
of the coagulation was measured in seconds. From the Table
2, we can observe that, compared to x=0.15 and x=0.25
ferrites, the re-calcification duration of x=0.35 ferrite
samples is much longer, showing greater anticoagulant
capability for all samples as depicted in Figure 4. This leads
us to the conclusion that magnesium ferrite has better
anticoagulant properties when Dopant content increased [39].

Further tests using the prothrombin time (PT) and activated
partial thromboplastin time (aPTT) assays were run to
confirm the NP's anticoagulant effects of Mgi.«ZnxFe;Oy4,
Mgi.xCoxFexO4 and MgixNixFe2O4 (x=0.15, 0.25 and 0.35)
ferrites. Figure 5 and Figure 6 depicts the variation of PT and
aPPT with concentration of NPs respectively. From the Table.
2, aPTT and PT values of the x=0.35 materials were within
the standard parameters, indicating that dopants had impact
on the blood property, and they were longer than those of the
x=0.15 and x=0.25 for all samples, indicating that x=0.35
ferrite had superior anticoagulant characteristics [39, 42].
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Fig. 5. Variation of Prothrombin time (sec) with concentration of Nps (ng) for Mgi.xZnsFe;O4, MgixCoxFe,O4 and Mg;.

xNixFe 04 (x=0.15, 0.25 and 0.35) ferrites.
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Table 2. Measured values of Recalcification time, Activated partial thromboplastin time, Prothrombin time and Platelet
aggregation percentage for MgxZnsFe;04, Mg .«CoxFe204 and Mg .«NixFe,O4 (x=0.15, 0.25 and 0.35) ferrites.

Mgl-xanFe204, Mgl.xCOXFezo4 Mgl-xNixFe204

Measurements

015 025 035 0.15 0.25 0.35 0.15 0.25 0.35
(for NPs concentration= 250 pg)
Recalcification time (sec) 373 380 383 372 374 377 394 418 421
Activated partial thromboplastin
time (aPTT) (sec) 74 81 84 72 78 80 77 80 82
Prothrombin time (sec) 47 55 62 45 52 60 46 51 61
Platelet aggregation percentage (%) 50 42 39 50 41 38 55 42 35

The figure 7 illustrates the Mgi«ZnFe 04 ferrite’s platelet  REFERENCES

aggregation %. From Table. 2, it has been observed that
x=0.15 ferrites have a higher platelet aggregation percentage
as compared to x=0.25 and x=0.35 ferrites in all samples.
This is because nanoparticle size has an inverse relationship
to the platelet aggregation percentage. Moreover, x=0.35
ferrites have improved anticoagulant behaviour because they
cause less platelet aggregation [42,43].

4. CONCLUSION

A series of MgixZnFe 04, MgixCoxFe:0s4 and Mgi.
xNixFeo 04 (x=0.15, 0.25 and 0.35) ferrites were prepared
using the economical and environmentally friendly co-
precipitation process. Sample's XRD analyses supported the
discovery of single phase cubic spinel structure. The lattice
constant was observed in the range 8.323 to 8.353 A, 8.328
t0 8.351 A and 8.315 to 8.366 A for the Mg xZnxFe,O4, Mgi.
xCoxFe:Os and  Mgi«NiFeOs ferrites  respectively.
According to SEM pictures, ferrites are agglomerated and
have surfaces with polygonal faces, such as cube, nearly
spherical shaped grains. The grain size of Mgi.xZn.Fe>Os,
Mgi.xCoxFe2Os and Mgi«NiFe 04 ferrites varied from
3.745 to 4.227 pum, 4.034 to 5.08 um and 3.946 to 4.887 um
respectively. Re-calcification time (RT), activated partial
thromboplastin time (aPTT), and prothrombin time (PT)
assays were employed to compute the capacity of all ferrite
nanoparticles to augment inhibition of blood coagulation.
The higher RT, aPPT, and PT values for the x=0.35 ferrites
and lower platelet aggregation of the x=0.35 ferrites reveal
that the anticoagulant properties of the x=0.35 ferrites are
superior to those of the x=0.15 and x=0.25 ferrites for all
samples. It is observed that the re-calcification time for MN
ferrites is higher compared to other ferrites, also it shown a
lesser platelet aggregation percentage for doping of x=0.35,
they are good anticoagulant agents compared to MC and MZ
ferrites.
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