Vol. 121 (2012)

ACTA PHYSICA POLONICA A

No. 56

Proceedings of the European Conference Physics of Magnetism 2011 (PM’11), Poznani, June 27-July 1, 2011

Magnetic Properties of Biocompatible Magnetic Fluid

after Electron Irradiation

N. TOMASOVICOVA?, I. HAYSAK®, M. KONERACKA?, J. KOVAC?, M. TIMKO?, V. ZAVISOVA?,
A. OKUNEV®, A. PARLAG?, A. FRADKIN®, V. SAKHNO® AND P. KOPCANSKY*

“Institute of Experimental Physics, Slovak Academy of Sciences, Watsonova 47, 04001 Kogice, Slovakia
bUzhgorod National University, Kapitulna 9A, 880 00 Uzhgorod, Ukraine
“Institute for Nuclear Research, Ukrainian National Academy of Science, Prospekt Nauky 47, 03680 Kiev, Ukraine

The magnetic particles in the water-based magnetic fluids were sterically stabilized by natrium oleate to
prevent their agglomeration and consequently the adsorption of poly-ethylene-glycol (PEG) was carried out

to improve the biocompatibility of the magnetic particles.

Two sets of samples were prepared. The first set

of the samples was with different molar weight of PEG (Mw = 400, 1000, 10000 and 20 000) at the constant
weight ratio of PEG/Fe3sO4 = 0.25 and the second one was with different weight ratio of PEG/FezO4 and
constant molar weight of PEG (Mw = 1000). The samples were irradiated with 20 Gy. The same reduction
of saturated magnetization (about 10%) after electron irradiation with 20 Gy was observed for all prepared samples.

PACS: 75.50.Mm, 61.80.Fe, 61.82.Rx
1. Introduction

Magnetic fluids, or ferrofluids as they are often called,
mainly consist of nanosized iron oxide particles Fe3O4
or 7-FeoO3 that are suspended in carrier liquid such as
water, mineral oil, damping oil, paraffin, kerosene and
so on. Because the size of the particles is in the col-
loidal range, i.e. between about 10 and 1000 nm, these
particles are often referred to as magnetic colloids. The
modern era of ferrofluids manufacture begins when fer-
rofluids were made using colloidal stable particles using
the co-precipitation technique [1, 2]. This technique is
still used today as a basis for producing high quality col-
loid suspensions of magnetic particles in a variety of lig-
uid carrier fluids. Magnetic fluids offer some attractive
possibilities in biomedicine as they have controllable size
ranging from a few nanometers up to tens of nanometers.
Indeed, they can be coated with biological molecules to
make them interact with or bind to a biological entity.
These properties make them very attractive for applica-
tions in biomedicine for example in drug targeting de-
livery, magnetic hyperthermia, arrangement of biological
assemblies, repair of damaged retinas, contrast agents in
magnetic resonance imaging (MRI), magnetic sealing of
aneurysms, biomagnetic separation.

Biomedical applications require the magnetic particles
to be stable in water at neutral pH and physiological
salinity. Moreover, for in wvivo applications the mag-
netic particles must be coated with biocompatible poly-
mer [3, 4]. From the point of basic and applied research
it will be very interesting to study physical properties of
magnetic fluids after electron radiation. Up to now there
is very poor information about influence of radiation on

the physical properties of magnetic fluids [5]. Magnetic
hyperthermia is one of the widely studied application of
magnetic fluids in medicine [6-9]. However, the combined
hyperthermia and radiation up to 20 Gy was shown to be
significantly more effective than with radiation alone [9].

In our previous work [10] we have studied the stabil-
ity of magnetic properties of biocompatible water-based
magnetic fluids with the magnetic particles stabilized
by one surfactant — natrium oleate and by two surfac-
tants — natrium oleate and PEG after irradiation up to
1000 Gy.

The aim of this paper was to study stability of mag-
netic properties of biocompatible water-based magnetic
fluids suitable for bioaplications with the magnetic par-
ticles stabilized by two surfactants, natrium oleate and
with PEG of different molar weight, as well as for dif-
ferent ratio of PEG and the magnetite after irradiation
20 Gy.

2. Experimental methods

The magnetic Fe3Oy4 particles were synthesized by a
chemical co-precipitation procedure [10]. The first set
of the samples was prepared with different molar weight
Mw of PEG = 400, 1000, 10000 and 20000 at the weight
ratio (Wr) of PEG/Fe3O4 = 0.25. The second set of
the samples was prepared with molar weight of PEG
Mw = 1000 and the Wr of PEG/Fe304 was 0.25, 0.5,
0.75, 1.0, 1.2, 1.5, 2.0, and 2.5, respectively. These sam-
ples were 3 times diluted compared with previous set.
The irradiation of samples was conducted by electrons on
an accelerator “Microtron M-10" of Uzhgorod National
University [10]. The magnetization curves of the sam-
ples before irradiation and after irradiation with different
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doses were measured by SQUID magnetometer (Quan-
tum Design MPMS 5XL) twice. The second measure-
ment was done one month after first measurement. The
upper part of the samples, kept in screw capped vials, was
withdrawn for measurements. The weight of measured
samples varied from the interval 20-30 mg. The error of
weight was +£4% that influences values of magnetization
measurements. The Fourier transform infrared (FTIR)
spectra of the samples after irradiation were measured by
FTIR spectrometer FTLA2000 instrument (ABB, resolu-
tion 4 cm~!) by Attenuated Total Reflectance measure-
ments with diamond window. For infrared measurements
the samples were first mixed and then dried.

3. Results and discussion

The prepared samples were irradiated with fluence
6.6 x 109 electrons/cm? that corresponds to dose 20 Gy.
After irradiation the samples were placed in the screw
capped vials. One week after irradiation the upper part
of the samples was withdrawn for the magnetization mea-
surements. This procedure was repeated one month later.
The saturating magnetization of the set of samples with
different molar weight (400, 1000, 10000 and 20000) be-
fore irradiation had the same value.

Figure 1 shows the magnetization curves of the sam-
ple with molar weight 400 before irradiation and samples
with the different molar weight of PEG after irradiation
with 20 Gy measured one week after irradiation. The
obtained results showed about 10% reduction of the sat-
urated magnetization after irradiation, but this reduc-
tion is the same for all prepared samples. These results
suggest that there is no influence of the molar weight
of PEG on the magnetic properties of the magnetic flu-
ids. The same results were obtained also from the mea-
surements done one month after the first measurement.
The obtained results showed that after first sedimenta-
tion caused by irradiation, the all samples are time stable.

The next set of samples with different Wr of PEG/
Fe304 were irradiated with the same dose, i.e. 20 Gy.
The obtained values of the saturated magnetization be-
fore and after irradiation are summarized in Fig. 2. The
obtained results show about 10% reduction in the sat-
urated magnetization off all samples and no change be-
tween 1st and 2nd measurement.

We suppose that process at the used electron energy is
ionization [10] that could lead to the aggregation of the
particles. After first sedimentation that occurs after irra-
diation there is no additional sedimentation and samples
are time stable. Figure 3 shows the infrared spectra of
magnetic particles coated with natrium oleate and PEG
(molar weight 1000 and 0.25 g PEG per 1 g of Fe3Oy)
before irradiation and after irradiation. The all absorp-
tion bands corresponding to the natrium oleate or PEG
as well as the band observed at 584 cm™!, which corre-
sponds to the magnetite, before irradiation and after irra-
diation are identical. The same results were obtained for
all samples. These results confirmed that the molecules
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Fig. 1. Magnetization curves of the water-based mag-
netic fluid containing the magnetic particles coated with
natrium oleate and PEG with molar weight 400 before
irradiation and PEG with different molar weight after
irradiation with 20 Gy measured one week after irradi-
ation and one month after first measurement.
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Fig. 2. The saturated magnetization of the samples
with different amount of PEG surfactant before and af-
ter irradiation from the first measurements and from the
measurements one month later.
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Fig. 3. FTIR spectra of magnetite coated with na-
trium oleate and PEG (molar weight 1000 and 0.25 g
PEG per 1 g of Fe3O4) before irradiation and after ir-
radiation with 20 Gy. The spectra are shifted vertically
for clarity.
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of the surfactants as well as the magnetite particles are
stable under irradiation and no destroying processes oc-
cur due to the irradiation.

4. Conclusion

In summary, the magnetization measurements showed
that electron irradiation with 20 Gy caused about 10%
reduction of the saturation magnetization. The obtained
results showed that the radiation causes aggregation of
the particles and consequently their sedimentation. We
can conclude that the molar weight as well as added
amount of PEG does not influence the magnetic prop-
erties of the magnetic fluids. Moreover, after first sedi-
mentation process that occurs after irradiation, there is
no further sedimentation and all samples are time stable
at least 1 month after irradiation.
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