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Abstract. The study was carried out of the possibility of using magnetic core-shell nanoparticles
Fe3O4/Ta2O5 as a radio-modifier. It is investigated the influence of the inhomogeneous magnetic field on
the distribution of the nanoparticles in the region of its maximum inhomogeneity. The increase of the coreshell nanoparticles’ concentration leads to the increase of the number of 511keV gamma-quanta. The
absorption of gamma-quanta with lower energy (20-200 keV) increases with increase in concentration of
nanoparticles.

1 Introduction
A development of the biomedical technologies including
such as hyperthermia [1-4], targeted drug delivery [5-11]
as well as a creation of biosensors and biochips [12]
resulted in the heavy growth in the experimental
investigations of the magnetic properties of the systems
of different nanoparticles and nanofilms/nanotape. The
possibility to manipulate living cells anchored with NPs
via a magnetic field, ferromagnetic NPs affect
hemopoietic /stromal cells and promote cellular adhesion
and formation of cell-to-cell contacts along the magnetic
field lines, NPs in regenerative medicine, thermal
ablation, etc. are describe in [13,14].
Over the last years, the interest has increased in the
study of magnetic nanoparticles for purposes of their use
in the cancer diagnostics and treatment. The unique
properties of the nanoparticles (NPs), ability to control
their geometric (sizes, shapes) and surface characteristics
determining the hydrophility and hydrophobicity of the
matter as well as possibility to inject the nanoparticles to
the biological media in a number of different ways make
them perspective in many aspects of oncology.
Magnetic core-shell nanoparticles are important for
applications because they allow to control them via an
external magnetic field. Direct control of the motion and
distribution of magnetic nanoparticles forms at the basis
of their using for targeted drug delivery or for the
delivery of magnetic nanoparticles to cancer tumors [7,
10] for the purpose of the subsequent hyperthermia
process or to enhance the effect of radiation therapy due
to scattering radiation by injected particles.
Various published data referred to as iron oxide
toxicity [15] and its biocompatibility [16]. At the present
*

time, the studies related to obtaining the nontoxic
magnetic nanoparticles based on iron oxides covered, for
example, with the tantalum oxide and designed to
biomedical applications become more and more actual
[17]. In addition, tantalum oxide nanoparticles have a
long circulation period in the bloodstream and they are
usually easily biodegradable and have low toxicity [18].
It should be noted that the core-shell Fe3O4/Ta2O5
nanoparticles can be used to construct magnetically
controlled non-toxic X-ray contract drugs [19].
The objective of this paper is to study the
possibility of using magnetic core-shell nanoparticles of
Fe3O4/Ta2O5 to enhance the effectiveness of radiation
therapy.

2 Synthesis of nanoparticles
Fe3O4/Ta2O5 and their properties

of

For achievement of the above-referenced objective, we
have synthesized the core/shell nanoparticles the cores of
which consist of the iron oxide while envelope of the
tantalum oxide.
To achieve the above goal, we synthesized
Fe3O4/Ta2O5 nanoparticles. An aqueous fluoride
solution of tantalum was used as a precursor, and sodium
oleate as a stabilizer of nanoparticles, in contrast to the
widely used method of obtaining a core-shell structure
[15]. To a solution containing 50 ml of ammonia was
added 30 ml solution containing 0.3 g of tantalum in
hydrofluoric acid with stirring. Further the pulp was
allowed to settle, decanted some of the solution over the
precipitate, and the remaining pulp was filtered. The
precipitate was washed on the filter twice, after which
the precipitate was pelletized in 100 ml of water. To the
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received of the mixture was added successively 100 ml
of a solution containing 0.5 g of FeSO4.7H2O and 0.7 g
of Fe2(SO4)3, 0.2 ml of a 5% solution of sodium oleate
and 50 ml of concentrated ammonia solution with
stirring. After that, 15 ml of a solution of tantalum in
hydrofluoric acid, 50 ml of ammonia and 0.2 ml of 5%
solution of sodium oleate. The pH value in the stages of
tantalum deposition and the iron should be not less than
10. Then the pulp was allowed to settle, poured
decanting part of the solution over the precipitate, and
the remaining pulp was filtered. The precipitate on the
filter is washed twice, after which it is pulped precipitate
in 100 ml of water. The resulting pulp was ultrasonically
dispersed. The result was a magnetic fluid that was
magnetically radiopaque agent. Advantages of the
proposed method, we obtained as described in [20], are
associated with fewer stages of the process, which
significantly reduces the synthesis time of nanoparticles.
The geometric characteristics of nanoparticles and
their size distribution were determined using the atomicforce microscope. The atomic-force microscopy allowed
us to construct the size distribution (Fig.1). It is
described by close to normal law of distribution with
mean value d= 44 nm and variance σ= 3 nm.
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Fig. 2. Light intensity of the solution in different fields Н.

The dependence of the distribution of relative
nanoparticles concentration in the area of solution near
the spot center on the magnetic field and initial
concentration of particles is presented in Fig. 3. The
effective spot size Reff increases with magnetic field’s
increasing and decreases with decreasing of the
nanoparticle concentration as expected.

Fig. 1. The size distribution of Fe3O4/ Ta2O5 core-shell
magnetic NPs with the use of AFM.

3 Nanoparticles
magnetic field

distribution

in

the

A modeling of the Fe3О4/Ta2O5 nanoparticles
distribution in the magnetic field was performed in the
sodium oleate solution. For this, the cuvette with the
dissolved Fe3О4/Ta2O5 nanoparticles was placed into the
inhomogeneous magnetic field Н established by the coil
with the pointed ferromagnetic core. Recording the
image brightness was performed using the digital
microscope and, afterwards, the mathematical processing
of images obtained was accomplished.

Fig. 3. Distribution of the relative concentration of the NPs
∆n⁄n0 on the magnetic field H (Oe) and solution density n0. r –
distance between the cloud center and measuring range.

From Fig. 4, it is evident that the relative
concentration of nanoparticles at the spot center
increases with increase in the magnetic field strength and
reaches the saturation at its particular value. The initial
concentration of nanoparticles n0 in the solution
determines the value of the magnetic field at which the
curve of relative concentration dependence attains the

Recording the image brightness was carried out on
two solutions the concentrations of nanoparticles ∆n⁄n0
in which differ twice. We assume that the image
brightness is proportional to relative concentration of
nanoparticles ∆n⁄n0 in the solution. In Fig. 2, the image
brightness of solution in different fields is shown.
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and positron formed as a result of the interaction
between the gamma-ray and substance are absorbed in
the radiated tissues, in what connection, the positron
annihilates, producing at this two secondary photons
with energy of 511 keV each. The secondary gammaquanta with lower, than the primary radiation, energy
have the higher potential of interaction with the
biological environment.

saturation (Fig. 4): the lesser magnetic field corresponds
to the larger initial concentration.

Fig. 4. Dependence of the relative concentration ∆n⁄n0 of the
NPs in cloud center on magnetic field H

Therefore, for the nanoparticles under consideration,
the major values of the magnetic field needed for their
maximal concentration at the fixed point.

4 Energy spectrum
emission absorption

of

gamma-ray

The major objective of the modern therapy of the
oncology diseases is to defeat the tumor cells with
minimum damage to the healthy tissues. As it's known,
the maximum biological effect is exercised by the kilovolt radiation (20-200 keV) [21].
One expects that the introduction of nanoparticles
containing tantalum into the area of malignant tumor
should result in increase of the number of the low-energy
quanta which will contribute to the apoptosis of the
tumor cells. In order to test this hypothesis, we
conducted the experimental study of the influence of the
Fe3О4/Ta2O5 nanoparticle concentration on the energy
spectrum of gamma-ray radiation absorption. In the
experiment in vitro, we used the gamma-ray
spectrometer with the semiconductor detector GEM15P4 and two gamma radiation sources 60Со (sample
spectrometry gamma source type) with the aggregate
activity of about 2×105 Bq. The concentration of
nanoparticles in the specified area was changed by use of
magnetic field: before each radiation, the nanoparticles
were subjected to impact of different magnetic fields, at
that, the delay time for each measurement was 5
minutes. The curves of dependence of the gamma-quanta
number ∆n=n(H)-n(H=0) on their number in the field
H=0 are shown in Fig.5.
The increase in the magnetic field force and, thereby,
concentration of nanoparticles Fe3О4/Ta2O5, result in
growth in the number of quanta in the range of 511 keV.
Most likely, such behavior of the absorption curve is
related to the creation of electron-positron pairs [22]. As
the substantiation of this statement, the fact that the
energy of gamma-quant higher than 2mc2=1022 keV is
needed for the creation of electron-positron pair can
serve. While the energy of the 60Со gamma-ray is
slightly higher and is equal to 1.25 MeV. The electron

Fig. 5. The dependence of change of the gamma-quanta
number ∆n on the magnetic field H.

The number of absorbed gamma-quanta increases in
the range of low energies (20-200 keV) with growth in
the concentration of nanoparticles Fe3О4/Ta2O5.

5 Results
The core-shell nanoparticles Fe3О4/Ta2O5 were studied
as a radio-modifier in the X-ray therapy. It is shown that
the increase of the concentration of core-shell
nanoparticles’ leads to the increase of the number of 511
keV gamma-quanta and the increase of the absorption of
the 20-200 keV gamma-rays.
Therefore, the above-described interaction of
gamma-ray with nanoparticles Fe3О4/Ta2O5 results in
formation of the low-energy secondary gamma quanta
which can contribute to disruption of the tumor cells and
do not disturb the healthy ones.
The work was supported by financial support in the
framework of state task 3.7383.2017/8.9
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