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Byn maxanaoa memup s1exmpoo0opyH uoOHOOWmMYypyiean
Cyyoa UMnYIbCmyK niazmadd Yayyy Hory MEeHeH alblHeaH Mae-
Hemum HAaHOOOLYKYONOPYH USUL00O HAMBILUICANAPLL KOPCO-
Myn2oH. AGMOPIOp IKCHEPUMEHMALOBIK JHCONl MEHEH Memacma-
6unbdyy cucmemanapovin (6yn yuypoa anmeli HAHOIPUMMECU)
JICO2OPKY ce32uumu peazenmmepee Muticusuncer MmusuiuL
KanblObIHa KeIMUpyy npoyecCuHut HamolidicacblHa madacupun
mutieuzem Ooen vipacmawikan. byn xumusanvix da, buonocusnvix
0acvl, HAHOOBLEKMMEPOUH AKMUBOYYIYSYHYH HCO20PYAASAH-
OvlzbiH Ounoupem. Mmnynscmyy niazmaoa anvlHean HAaHOOOIyK-
4OI6P OUONOUSILIK AKMUGOYY HAHONpenapammap yuyH npe-
KYpCcop Kamapul KONOOHYyAyuty MymxyH. I anmens popmacwinoa-
evl FesOs/Au nanobonykuenopy cunmesodeiou, anap kiemxa-
Japobl AHcana 6enoKmopoOy MaeHUMMUK OONYy YUyH, Ouocencop-
JA0pOy dHcana OUOGYHKYUOHANObIK HAHO30HOOPOY, bakmepusi-
JIbIK UHDEKYUANAP2a JHCAHA PAKKA Kapulbl azenmmepou oHOY-
PYYO0O, OUOHOOU 271e MACHUMMUK-PE30HAHCMbIK OUACHOCIUKA-
0a KOTOOHYIYULY MYMKYH. Aneauksl Hamulildcaniap 6u3 cunmes-
Oezen FesOa/AU HanobenykuonepyHyH adamovin KiemKaiapsl
yuyH yumomoxcuxanoyynyey masza FesOs nanobonyrkuonepynyn
YUMOMOKCUKALOYVILY2YHAH MOMOH 0e2eH MbLSIHAK ubleapyyed
MYMKYHOYK Gepem.

Hezuzeu c0300p: Hanobonykuonoep, macHemum, nyibca-
YUANAH2AH NAa3Ma, uonoowmypynean cyy, meouyuna, CPyBr
Cyy 6mKoOpeyy, MAcHUMMmMUK HAaHOOOIYKYON0D.

B dannoii cmamve nokazamwl pezynomamul uccie008anul
HAHOYACMUY MASHEMUMA, NOJYYEHHBIX OUCNEPSUPOBAHUEM Jice-
JIE3HBIX 2NEKMPOO08 8 UMNYIbCHOU NAA3Me 8 OCUOHUSUPOBAHHOU
600e. DKCnepuMeHmanbHoO NOOMEePOICeHA SUNOMe3d agmopos
0 NOBBIUEHHOU YYECBUMENTbHOCU MEMACMAOUTLHBIX CUCHIEM
(6 dannom cnyuae HaHopacmeopa 3010Ma) 0 MoOM, Ymo 0axice
nOC1e0068ameNbHOCHb B030EUCMBUsL PedzeHmOos 8ausem Ha pe-
3YIbMam npoyecca 60CCMaHo8IeHUs. IMo c6UOemenbcmeayem o
NOBbIUEHHOU AKMUBHOCMU HAHOOObLEKMO8, KAK XUMUYECKO,
max u buorocuveckou. Hanovacmuyvl, nonyuentvle 8 uMnyisc-
HOU niasme, mMo2ym Obimb UCNONL30BAHbL 6 Kauecmee npeo-
WeCMBEHHUKO8 O OUONO2UYECKU AKMUBHbIX HAHONpenapa-
mog. Cunmesuposanwl eanmenesuonvie Hanovacmuywl FesOa [
Au, xomopvie mozym Haimu npumeHenue O MACHUMHO20

140

pasoenenus Kiemok u 0eikos, 6 nPou3eoocmae OUOCEeHCOPOs U
OUODYHKYUOHATILHBIX HAHO30HO08, A2EHMO8 Npomue baxme-
PUATLHBIX UHGEKYull U paka, a maxce Ol MAZHUMHO-De30-
HancHou ouaznocmuxku. [Ipedsapumenvivie pe3yibmamol no3-
8OIAIOM COCNAMb 861600, UMO YUMONOKCUUHOCTb Ol KILeMOK
uenogexa nanouacmuy FesOs/Au, cunmesuposannvix Hawum
MemodoM, HudCe YUMOMOKCUYHOCTU YUCMbIX HAHOYACTUY
FesOa.

Knrouesvle cnosa: nanouacmuywl, MazHemum, UMNyIbC-
Hasl NIaszma, 0eUOHUUPOBAHHAS 800d, MEOUYUHA, CYPPAKMAHM
CpyBr, maznumuvie Hanouacmuybi.

This article shows the results of studies of magnetite nano-
particles obtained by dispersing iron electrodes in a pulsed
plasma in deionized water. It was experimentally proved that the
authors hypotheses about the increased sensitivity of metastable
systems (in the case of nano-soluble gold) that even exposure to
reagents affects the result of the recovery process. This indicates
a high activity of nano objects, both established and biological.
Nanoparticles derived by pulse plasma can be used as precur-
sors for biologically active nanomedicines. Dumbbell-shaped
FesO4/Au nanoparticles have been synthesized, which can be
used for magnetic separation of cells and proteins, in the pro-
duction of biosensors and biofunctional nanoprobes, agents
against bacterial infections and cancer, as well as for magnetic
resonance diagnostics. Preliminary results allow us to conclude
that the cytotoxicity for human cells of Fe3O4/Au nanoparticles
synthesized by our method is lower than the cytotoxicity of pure
FesO4 nanoparticles.

Key words: nanoparticles, magnetite, pulsed plasma, de-
ionized water, medicine, CPyBr sufractant, magnetic nanopar-
ticles.

1. Introduction. Recently, the use of magnetite na-
noparticles in medicine has been of particular interest [1-
4]. It was shown that the total sorption surface area of
magnetite nanoparticles with a size of 6-12 nm is 800-
1200 m?/g, and the magnetic field induced by each par-
ticle is 300-400 kA/m [5]. Magnetite nanoparticles can be
used in the transport of hydrophobic drugs [6], in the treat-
ment of cancer, and in intracellular hyperthermia. It was
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established that FesO4 nanoparticles possess good adsorp-
tion ability to antigens [7] and viruses. The sorption acti-
vity of magnetite nanoparticles with respect to salts of
heavy metals, nitrates, phenol and inertness with respect
to the main electrolytes of blood plasma was demonstra-
ted, which makes it possible to use them for purification
of biological body fluids, as well as drinking water [8].
There are physical and chemical methods for synthesis of
magnetite nanoparticles such as condensation [9],
nanodispersion methods of compact materials related to
physical effects on a solid substance nanostructuring.
Chemical methods include thermolysis of metal-contai-
ning compounds, ultrasonic decomposition of metal-
containing compounds, and the sol-gel method [10]. For
mechanical nanodispersion using mills of various designs,
there is a limit to achieve a narrow-sized nanoparticle size.
Electrochemical dispersion in this sense seems more inte-
resting, because it allows more accurate control of energy
supplied to the surface of a solid, along with the dispersion
of resulting products.

In this work we are reporting magnetite nanopar-
ticles obtained using pulsed plasma created in deionized
water between two metal iron electrodes. Single pulse dis-
charge was created in extreme conditions and allowed
nanoparticles to form a high specific surface area and a
high sorption activity. It should be emphasized, that the
energy supplied to electrodes during pulsed plasma resul-
ting in an energy-saturated system formation. A high pres-
sure and temperature gradient allows in stabilization and
preservation of formed nanoparticles. Advantage of our
method is the high efficiency and simplicity of experiment
for synthesis of magnetite nanoparticles.

2. Research materials and methods. Dispersion
of the iron electrodes (ALDRICH products) with a purity
of 99.98% was carried out in 0.1% deionized water con-
taining solution of surfactant CPyBr. After experiment the
black fine precipitate was separated from an aqueous
medium by centrifugation, and washed repeatedly with
deionized water and ethanol mixture, then dried at room
temperature. Yellow color aqueous solution of gold nano-
particles with concentration of 1% was obtained similarly
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to the work [11]. An aqueous solution of bulk HAuCl, was
prepared by dissolving the reactive hydrogen tetrachlo-
roaurate. We carried out an adsorption of cationic surfac-
tant CPyBr on the surface of freshly formed magnetite
nanoparticles in order to stabilize them and prevent from
oxidation and transition to Fe,O3 due to their hydrophobi-
zation on the nanoparticles surface.

3. Results and discussions. At low concentrations
of the surfactant CPyBr, only pyridinium ions were inter-
acted with the negative surface centers due to electrostatic
properties. In this case, horizontal orientation of surfac-
tant molecules provided a fairly high hydrophobization.
With an increase in the concentration of surfactant CPyBr,
formation of a second layer of molecules was observed.
In this case, an adsorption centers are the hydrocarbon
radicals of the first layer. Due to hydrophobic interactions
between alkyl chains of ions and adsorbate molecules, the
polar groups were oriented into aqueous phase, and the
surface becomes hydrophilic. Hydrophobization of the
magnetite nanoparticles surface is possible only under use
of CPyBr surfactant at low concentrations [12], i.e. our
experimental data is in a good agreement with the theore-
tical concept.

3.1. X-ray diffraction analysis. The X-ray diffrac-
tion pattern of the iron dispersion product shown in the
Fig. 1 was obtained by the powder method on a PANaly-
tical X-ray apparatus with a PIXcel 3D detector with
CuKa radiation (nanobiomedical center of the Adam
Mickiewicz University, Poland). Fine powders were
suspended in ethanol by ultrasonic mixing. Suspensions
were placed on a copper substrate, dried in air at room
temperature, and then analyzed using a JEOL-120FX
transmission electron microscope (at Nanobiomedical
center of Adam Mickiewicz University, Poznan, Poland).
The diffraction pattern analysis in the Figure 1 is establi-
shing that, when iron was dispersed in a 0.1% aqueous
solution of surfactant CPyBr, two phases were formed: 1)
Fe304 nanoparticles (black indices) - 89%; and 2) Fe na-
noparticles (red indices) - 11%. These phases were sepa-
rated by centrifugation method at a centrifuge speed of
3000 rpm.
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Figure 1. X-ray diffraction pattern of the iron dispersion product obtained in the 0.1% aqueous solution of surfactant CPyBr.

3.2. Transmission Electron Microscopy analyses.
Transmission Electron Microscopy (TEM) analyses were
used for observation and imaging of the obtained magne-
tite particles as shown in the Figure 2. The hexagonal
phase nanoparticles of magnetite with sizes from 20 to 85
nm are clearly visible in the image. The structure of mag-
netite nanoparticles have cubic phase with cell parameters
of a=0.8387 nm, and the space group of Fd3m.

Figure 2. TEM image of FesO4 nanoparticles obtained
by IPL method.

Nowadays, FesO04/Au nanoparticles are considering
as applicable for magnetic separation of cells and proteins
[13], the manufacture of biosensors and bio-functional
nanoprobes, photothermoconotherapy agents for bacterial
infections and cancer, as well as magnetic resonance diag-
nostics [14]. High temperature synthesis in organic media,
sonolysis, synthesis with gold nuclei, and reduction of
gold in aqueous solutions with hydroxylamine, glucose,
sodium citrate, and formaldehyde [15] are used to produce
magnetic nanoparticles with a gold shell. For the synthesis
of FesO4/Au nanoparticles, we used magnetite nanopar-
ticles obtained in 0.1% surfactant CPyBr solution a gold
nanosolution and a 0.1% sodium citrate solution as a redu-
cing agent. Figure 3 is showing TEM image of a samples
obtained by processing of 0.1 g magnetite nanoparticles
with solution of sodium citrate, and with a gold nanosolu-
tion. Dumbbell-shaped Fes3O4/Au nanoparticles were
found (shown by arrows in the Figure 3 a, b). Under the
influence of x-ray radiation, gold nanoparticles were mel-
ted and combined together, by forming large gold nano-
particles (Figure 3c).
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Figure 4. Reaction results of sodium citrate nanosolution and magnetite nanoparticles formed by IPL method.

It is clearly seen that the shapes of magnetite nano-
particles have not changed in the Figure 4a, while in the
first experiment the dumbbell-shaped nanoparticles based
on spherical magnetite and gold nanoparticles were for-
med. Gold nanoparticles with the shape of nanoband
(Figure 4b), fusiform gold nanoparticles with spindle-
shape, Figure 4c shown by arrows), nanogapes (Figure 4e)
were sedimented separately from the magnetite nanopar-
ticles. An individual gold nanoparticle is shown in the
Figure 4d.

Conclusion. Our experiments confirmed the opinion
of authors about increased sensitivity of metastable sys-
tems, that the sequence of reagents exposure affects the
result of the recovery process. This is indicating hyperac-
tivity of nanomedia, both chemical and biological. Nano-
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particles obtained by the IPL method can be used as pre-
cursors for biologically active nanomedicines.
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