Chemistry, Physics and Technology of Surface. 2020. V. 11. N 4. P. 508-515

UDC 544.77 + 549.057 doi: 10.15407/hftp11.04.508

O.M. Lavrynenko, M.N. Zahornyi, M.M. Bataiev, Yu.M. Bataiev,
0.Yu. Pavlenko, O.A. Kornienko

UV IRRADIATION EFFECT ON PARAMAGNETIC
PROPERTIES OF NANOMAGNETITE DOPED WITH Ag(I)
AND Au(IIT) CATIONS

Frantsevych Institute of Problems of Materials Science of National Academy of Sciences of Ukraine
3 Krzhyzhanovskii Str., Kyiv, 03680, Ukraine, E-mail: alena.lavrynenko@gmail.com

Nowadays nanocomposites based on magnetite doped with noble metal cations or core&shell type
nanocomposites including superparamagnetic core and precious metal shells are widely used in new kinds of
biocompatible materials creation. The following structures are characterized by unique complexes of physical-
chemical properties. The noble metal coatings formed on the magnetite nanoparticles surface supply their corrosive
biological media stabilization and effects on electrical, magnetic, catalytic, optical properties of coredshell type
nanocomposites as well. This work studies the effect of UV irradiation (253 nm) on the paramagnetic characteristics
of biocompatible core&shell type nanocomposites based on magnetite and precious metals (silver, gold).
Nanoparticles of magnetite and core&shell type composites Fe;0,&Ag’ and Fe;0,;&Au’ were formed under the
rotation-corrosion dispergation conditions on the steel 3 (St3) surface contacting with distilled water and aqueous
solutions of silver nitrate and tetrachloroauric acid at a free flow of oxygen into the reaction zone. Solutions of
precious metals contained from 0.5 to 20 mg/dm’ of Ag(l) and Au(Ill) aquaforms. The composite nanoparticles were
characterized using X-ray diffraction data, scanning electron microscopy and electron paramagnetic resonance
spectroscopy. Because of expecting photocatalytic activity of as-prepared nanocomposites, we performed their
illumination by ultraviolet irradiation. The effect of UV irradiation (253 nm) on the paramagnetic characteristics of
biocompatible core&shell nanocomposites based on magnetite and precious metals (silver, gold) was studied by
EPR analysis. The obtained data suggests that after UV irradiation the contribution of Fe*" spins increases, the band
gap for Fe3Oy decreases, the rate of charge redistribution at the oxide-metal interface increases, the number of spins
in the composite increases. The study of the occurrence of paramagnetic centers mechanism in the nanocomposites
based on magnetite and precious metals may be relevant for determining their bactericidal and photocatalytic
activity. Also, such nanocomposites can be used in the creation of technical means for prevention of the spread of
infectious diseases in the transport, public places, and hospitals.

Keywords: core&shell type nanocomposites, the rotation-corrosion dispergation method, nanomagnetite, silver,
gold, UV irradiation, EPR study, photocatalytic activity

INTRODUCTION targeted delivery to target cells, to improve
magnetic resonance imaging, tumor
hyperthermia, etc. [6—8]. The practical usage of
iron oxides and iron oxyhydroxides (in vivo) is
associated with: increasing of the contrast in
magnetic resonance imaging; repairing of the
body tissue; immunological studies;
detoxification of biological fluids; currying out
of hyperthermia processes; performing of target
drug delivery, and cell separation [9]. At the
same time, there are works in which emphasis is
placed onto the bactericidal and cytotoxic
properties of biologically synthesized magnetite,
for example [10]. However, core&shell type
composites based on magnetite and precious
metals, which combine the magnetic properties
of the nucleus — iron oxide with optical (surface

Nowadays nanocomposites based on
magnetite doped with noble metal cations are
widely used to create new kinds of
biocompatible materials characterized by unique
complexes of physical-chemical properties
[1, 2]. The coating of magnetite nanoparticles by
noble metals leads to their stabilization in
corrosive biological media and effects on their
electrical, magnetic, catalytic properties and on
unique plasmonic properties as well [3].
According to our study [4,5], the magnetite
nanoparticles doped with Ag" and Au** show no
remanence magnetization and coercitivity.

Scientific publications analysis shows that
nanoparticles of iron oxides, such as magnetite
and maghemite, are already used in the drugs

© O.M. Lavrynenko, M.N. Zahornyi, M.M. Bataiev,
Yu.M. Bataiev, O.Yu. Pavlenko, O.A. Kornienko, 2020 508



UV irradiation effect on paramagnetic properties of nanomagnetite doped with Ag(l) and Au(lll) cations

plasmon resonance in a wide range of excitation
irradiation frequencies) and catalytic properties
of the reduced shell silver, platinum, palladium,
are more attractive to biomedical application.

Composite nanoparticles may be formed via
several chemical ways: 1. Co-precipitation of
ferric and ferrous salts in weak-alkaline water
medium with sequential formation of magnetite
or maghemite cores and reduction of noble metal
shells on their surfaces [11]; 2. Reversive micells
method [12]; 3. Separate precipitation of nuclear
magnetite and noble metal particles and their
binding via organic substances [13].

An alternative synthesis method, when the
phase formation process was carried out in the
Green Rust presence as a precursor phases was
described in [14, 15]. It should be noted that the
morphology of the composite particles (not only
the size) for various functional materials creation
has an important role. From this point of view,
the usage of oxygen-containing iron compounds
allows us to form spherical, needle-shaped,
plate-like structures. Such differences in
morphology give a possibility to functionalize
the particle surface easily and to change their
colloid-chemical properties as well.

This work researched the UV irradiation
effect (253nm) on the paramagnetic
characteristics of biocompatible core&shell type
nanocomposites based on magnetite and precious
metals (silver, gold).

OBJECTS AND METHODS OF THE
RESEARCH

Nanoparticles of magnetite and core&shell
type composites Fe;0:;&Ag’ and Fe;0s&Au’
were formed under the rotation-corrosion
dispergation conditions on the steel 3 (St3)
surface contacting with distilled water and
aqueous solutions of silver nitrate and HAuCl, at
a free flow of oxygen into the reaction zone.
Precious metals solutions contained amounts
from 0.5 to 20 mg/dm’ of noble metal aquaforms
Ag(l) and Au(lll)). The duration of the phase
formation process was 24 h.

The phase composition of the nanoparticles
was studied by X-ray diffraction phase analysis
(X-ray diffraction) using computer-aided X-ray
diffractometer (DRON — UM1) equipped with
two Soller’s slits and Ni filtered radiation of
cobalt anode CoK,. The rate of recording was
1°/min, and the interfacial Woolf-Bragg’s angle
made up 80 degrees. The coherent scattering
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region (CSR) was calculated according to the
standard Debye-Scherrer’s formula. The samples
were visualized by scanning electron microscopy
(SEM). Electron micrographs of the samples
were recorded on a MIRA3 TESCAN scanning
electron microscope. The main method of
research was electronic paramagnetic resonance
(EPR) wusing equipment model Radiopan
2547SE/X. UV irradiation of nanocomposite
systems based on Fe;Os4 was carried out by a
bactericidal lamp OBB15 (9W, 253 nm) for
1 h

RESULTS AND DISCUSSION

The composite nanoparticles
characteristics. The X-ray diffraction analysis of
the samples shows that the contact of St3 surface
with distilled water in the open-air system leads
to the formation of nanosized magnetite
particles. The presence of precious metal cations
in the dispersion medium, in particular, those of
silver and gold, promotes their reduction on the
surface of magnetite particles with the formation
of shell composite structures. Fig.1 shows
typical diffractograms of the nanostructures
formed on the St3 surface in the presence of
silver  nitrate  solution  (Fig.14) and
tetrachloroauric acid solution (Fig. 1 ). In both
XRD patterns we can see the magnetite reflexes
(JCPDS file No. 19-0629), and the reflexes of
corresponding precious metals — silver (JCPDS
file No. 04-0783) or gold (JCPDS file No. 02-1095).
An additional phase is lepidocrocite (JCPDS file
No. 08-0098), its formation accompanies redox
processes taking place under the RCD conditions
in the presence on heavy or noble metals
aquaforms [16, 17]. The size of magnetite cores
calculated according to the Debye-Scherrer’s
equation varies in the range from 20 to 24 nm.

The morphology of structures is given by the
SEM images in the Fig.2. The micron sized
plate-likes particles characterize the nucleation
phases of Fe(ll)-Fe(Ill) layered double
hydroxides (hydroxycarbonate Green Rust) and
iron  oxyhydroxides  (lepidocrocite  with
admixture of goethite). Spherical particles
belong to core&shell nanocomposites based on
magnetite and corresponding precious metals
(silver and gold). The content of precious metals
in the composite structures does not exceed
3 wt. %, what supplies the optimal properties for
the composite particles susceptibility to
photocatalysis and plasmon effects.
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Magnetometric studies of nanocomposite
structures formed on the steel surface contacting
with aqueous solutions [17] indicate that,
regardless of the nature of the noble cation, the
magnetite particles belong to superparamagnetics
with a saturation magnetization of 24 A m*/kg
(for silver shells) and 48 A m*kg (for gold
shells).  These samples show  residual
magnetization and coercivity. In general, the
magnetism nature of such composite structures
kind determines the natural properties of the
magnetite nucleus, and the presence of a shell,
silver in particular, usually leads to decreasing in
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M; [4]. Preliminary bactericidal activity studies
of core & shell type nanocomposites based on
magnetite cores and silver shells showed
microbicidal activity and an effect on the state of
non-specific anti-infective organism resistance.
The usage of the composite nanostructures
Fe;04&Ag" indicated their bactericidal activity
against both gram-negative E. Coli and gram-
positive S. Aureus microorganisms [18], and the
silver-magnetite nanocomposites were proven to
affect the state of nonspecific [19] anti-infective
resistance of the body.
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Fig. 1. XRD spectra of structures formed on the steel 3 surface contacted with air and aqueous solutions: a — AgNOs;
b —HAuCl,. The numbers indicate: / — lepidocrocite; 2 — magnetite; 3 — Ag; 4 — Au
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Fig. 2. SEM images of structures formed on the steel 3 surface contacted with air and aqueous solutions: a —

AgNOs; b —HAuCly
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UV irradiation of magnetite nanoparticles
and related shell composites. 1t is known that
the ferrite nanoparticles magnetization goes
according to the Curie's law. The maximum peak
of the EPR spectrum obtained in the 2100 Gauss
field also confirms the superparamagnetic nature
of the nanocomposite samples obtained under the
RCD conditions in the presence of silver- and
gold-containing solutions and their higher
superparamagnetic properties in the comparison
with other similar materials [1, 3]. In particular,
Fig. 3 shows a significant shift of the maximum
(Lorentz character of the integration curves), a
decrease in the intensity of the peaks (maxima),
especially after UV irradiation (best seen in the
Fe;04&Ag’ samples). The data obtained suggest
that after UV irradiation the contribution of Fe*"
spins increases, the band gap for Fes;O4
decreases, the rate of charge redistribution at the
oxide-metal interface increases, the number of
spins in the composite increases. Thus, the study
of the occurrence mechanism of paramagnetic
centers in the structure of the core&shell type
nanocomposites based on magnetite and precious

metals may be relevant for determining their
bactericidal and photocatalytic activity.

In the present work, we apply an EPR
spectroscopy to determine the effect of UV
irradiation (253 nm) on magnetization dynamics
and surface magnetic properties of noble metal-
bearing magnetite. In Figs. 3-4 we can see a
significant shift of EPR lines of the irradiated
samples to large-field area accompanied by
reinforcement of ferrimagnetic properties of the
nanocomposites. To compare the platinum- and
palladium-contained magnetite samples,
additional data were added in Fig. 4. Generally,
shift intensity depends on the nature of noble
metal dopants. The spin quantity of the irradiated
samples decreased in all cases. The
magnetization intensity under UV irradiation is
also decreasing and became the same values for
all investigated samples. Doping of iron oxide
Fe3;04 with noble metals is carried out to enhance
the activity during irradiation. Doping with noble
metals also limits the recombination of electron-
hole pairs due to the Schottky barrier at the
metal-oxide semiconductor interface with the
formation of a photocatalyst.

EPR SGpectroscopy Spectrum for Ref and UV Samples.
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Fig. 3. Relative changes in EPR intensity spectra for magnetite doped with Ag(I), and Au(III)
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Samples nanocomposites Fe304 (no UV, UV action)
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Fig. 4. Changing of the line width (H) for core&shell type nanocomposites based on Fe3O4 and noble metals

CONCLUSION
Today nanosized core & shell type
composites containing iron oxide cores

(magnetite and/or maghemite) and noble metal
shells (in particular those silver or gold) are very
perspective materials for biomedical applications
due to combinations of magnetic, optical, and
colloid-chemical properties, as well as because
of the possibility to biofunctionalization of the
surface of the composites.

Biocompatible core&shell type
nanocomposites based on magnetite and reduced
on its surface precious metals (Ag, Au) being
taken as an example, a way was shown to vary
the paramagnetic characteristics and the band
gap of the oxide semiconductor. The presence of
Fe?" cations in the magnetite structure leads to

512

the properties reducing the exchangeable
reactions capability, where iron cations can be
replaced by noble metal ones. The variation in
the  physicochemical  characteristics  of
nanocomposites based on ferrimagnetic cores
and a noble metal shells opens up great
possibilities for their practical application as a
platform for the development of highly effective
diagnostic and therapeutic tools with selectivity

at the level of individual cells and
biomacromolecules.
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Bniue Y® onpoMiHeHHsI HA MapaMarHiTHi BJ1aCTHBOCTI HAHOMATHETHUTY,
nonoBanoro kationamu Ag(l) u Au(Ill)

O.M. JlaBpunenko, M.M. 3aropuuii, M.M. Baraes, F0.M. baraes, O.10. [1aBienko, O.A. Kopnienko

Inemumym npobnem mamepianosnascmaa im. .M. @panyesunwa Hayionanvnoi akademii nayx Yrpainu
eyn. Kpoicusrcanoecokoeo, 3, Kuis, 03680, Ykpaina, alena.lavrynenko@gmail.com

Ha cvocoouiwmiti 0enb HAHOPOIMIPHI KOMNO3UMU HA OCHOBI MacHemumy, 00ON08AHO20 KAMIOHAMU OIA20POOHUX
memanig, abo 000IOHKOGI HAHOKOMNO3UMU, WO CKIAOAIOMbCA I3 CYNepnapamacHimuo2o s0pa (mazHemumy aoo
Mmazemimy) i 0007I0HKU 13 O1A2OPOOHO20 Memany, WUPOKO BUKOPUCMOBYIOMbCs O/l CMBOPEHHS HOBUX 6UOI8
biocymicHux mamepianie. Taki cmpykmypu Xapakmepusyrmuvcs VHIKAIbHUM KOMIIEKCOM  (Di3UKO-XIMIUHUX
enacmusocmell. 30kpema, 006010HKU i3 O1A20POOHUX MEeMANi8, ChOPMOBAHT HA NOBEPXHI HAHOYACIUHOK MAZHEeMUmy,
3a6e3neuyoms IXHWO CMIUKICMb 8 A2PeCUBHUX OI0N02ITYHUX Cepedo8UAX, A MAKONC 8NIUBAIOMb HA IXHI eleKMPUYHI,
MA2HIMHI, KAMAanimuyni, OnmuyHi eiacmueocmi. B pobomi nposedeno 6usueHHs 6naugy yibmpapionemosozo
BUNPOMIHIOBAHHA (253 HM) Ha napamacHimui Xapaxmepucmuku OIiOCYMICHUX OOOJIOHKOBUX HAHOKOMNO3UMIS.
Hanouacmixu  xomnosumie Fe;04&A4g° i Fe;04&Au’ 6ymu  ompumani memodom pomayiino-kopositinozo
oucnepeysanns. Dopmyeanns cmpykmyp npoxoouno Ha nosepxui cmani 3 (Cm3), ska xoumakmyeana 3
OUCIMUTLOBAHOIO B0O0I0 | BOOHUMU POZHUHAMU HIMPAMy cpiona i 3010MOXAOPUCTOB00HEE0T KUCIOMU NPU BLILHOMY
odocmyni Kuchio 6 30my peakyii. Posuunu 6razopoonux memanie micmunu 6io 0,5 0o 20 me/om® axeagopm Ag(l) i
Au(Ill). Ompumani nanowacmumku OyIU 0XAPAKMEPUZOBAHI MEMOOOM DEeHMeHOpA308020 AHANIZY | CKAHYIOUOI
eneKmpoHHOl MIKpocKonii. /[s 6us81eHHs OUIKYBAHUX (POMOKAMANIMUYHUX GIACTIUGOCTEl YACMUHKU KOMNO3UMI
nionseanu Oii  yrempagionemogozo onpominenns. Bnaus Y®-eunpomintosanus (253 Hm) Ha napamacHimui
xapaxmepucmuku nanoxomnosumie Fe;O;&Ag’ u Fe;O4&Au’ 6yno eusueno memooom EIIP. Ompumani Oani
ceiouams npo me, wo nicii YD-onpomiHeHHs 30i16Uly8aANUCA: WBUOKICMb Nepepo3nooiny 3apady Ha NOBepXHI
nooiny oxcud-meman, KiibKicmv i emecox chumie Fe’', npu yvomy wupuna 3abopouenoi zonu oas Fe;Oq
3MeHuysanaca. BueueHns MmexawizmMy GUHUKHEHHA NApAMASHIMHUX YeHMpIi6 6 HAHOKOMNO3UMAax Hd OCHO8I
MacHemumy 1 ONA2OPOOHUX Memanie Modxce OYmu aKmyarbHum O 6UAGNeHHA IXHbOI 6axkmepuyuonoi i
Gomokamanimuunoi axmuenocmi. B yinomy, 006010HK06I HAHOKOMNO3UMU MOACYMb OYMU GUKOPUCMAHI NpU
CMBOPeHHi MEeXHIYHUX 3aco6i6 baxmepuyuoHoi ma aHmugipychoi Oii, NPusHaueHux Oisi 3anoOI2aHHs NOWUPEHHIO
IHGheKYIIHUX 3aX80PIOBAHb 8 3AMKHYMOMY NPOCMOpPI (Ha MPAHCROPMI, 8 2POMAOCHKUX MICYSIX, JIIKAPHSX).

Knrwouosi cnosa: 06010HK06I HAHOKOMNO3UMY, POMAYIIHO-KOPO3IliHe OUCNEP2YBAHHS, HAHOMAZHemim, cpiono,
s010mo, Y@ sunpominroeanns, EITP docnioicenns

Bausinue Y@ 00;1y4eHnsi HAa MapaMarHUTHbIE CBOMCTBA HAHOMATHETHUTA, JONIMPOBAHHOI 0
katuoHamu Ag(I) m Au(III)

E.H. Jlapunenxo, M.H. 3aropusrii, H.H. Bataes, }O.H. baraes, O.10. [1aBienko, O.A. KopHuenko

Hucmumym npobaem mamepuanosedenus um. U.H. @panyesuna Hayuonanvrnoii akademuu Hayxk Yxpaunol
ya. Kporcusicanoscroeo, 3, Kues, 03680, Yrpauna, alena.lavrynenko@gmail.com

Ha cecoonswnuil 0env HanopasmepHvle KOMRO3UMbL HA OCHO8E MACHEmumd, OONUPOBAHHO20 KAMUOHAMU
O1A20POOHBIX Memanios, Uil HAHOKOMNO3UMbL S0P0-000104KA, COCMoswjue U3 CynepunapamasHumtuozo sa0pa
(MacHemuma uiu mazeemuma) u 0060104KU U3 61A20POOHO20 MEMALIA, WUPOKO UCHOTIb3VIOMCS O/ CO30AHUS HOBbIX
6U008 OUOCO8MecmuMbIX Mamepuanos. Takue cmpyKmypbl Xapakmepuzyiomest VHUKATbHLIM KOMAIEKCOM QuU3UKo-
XuMuyeckux ceoticms. B wacmuocmu, 06010uKu u3 61a20pOOHBIX MEMAN08, CHOPMUPOBAHHBIE HA NOBEPXHOCU
HAHOYACMUY MAZHEmuma, 0Oecneyusarom ux YCmouyusoCmv 6 acpecCUBHbIX OUONOSUYECKUX cpedax, d MaKdice
GIUSIIOM HA UX DNIeKMpUdecKue, MacHumuvle, KAaMaiumuiecKue, onmuyeckue ceotcmea. B oaunnoti pabome usyueno
GIUsIHUE YIbMPAPUOIemo6oeo usiyueHuss (253 HM) HA naApamMazHumHvle XAPAKMePUCMUKU OUOCOBMECUMbBLX
nanoxomnozumos. Hanovacmuywvr xomnosumoe Fe;0,8&Ag’ u Fe;0,&Au’ 6vinu nonyyenv: mMemooom pomayuouno-
KOPPO3UOHHO20 Oucnepauposanus. Dopmuposanue cmpykmyp npoxoouno Ha nogepxuocmu cmamu 3 (Cm3),
KOHmMakmupyrowei ¢  OUCMUIIUPOBAHHOU 60001 U  GOOHbIMU  pPACMEOpaMu  Humpama cepebpa u
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307I0MOXJIOPUCIOBOO00POOHOL  KUCIOMbL NpU  CB0DOOHOM Oocmyne KUciopooa 6 30Hy peakyuu. Pacmeopwi
61az2opoonvix memannos cooepacan om 0.5 0o 20 me/om’ axeagpopm Ag(l) u Au(Ill). Ionyuennvie namnovacmuybol
ObLIU OXAPAKMEPUZ0B8AHBL MEMOOOM PEHM2EHODA306020 AHATUZA U CKAHUPYIOWell DIeKMPOHHOU MUKpockonuu. /s
BbIAGNEHUA  OHCUOACMBIX  (POMOKAMATUMUYECKUX CBOUCME YACMUYbL KOMNO3UMOS HNO08EP2ANUCL OeliCmEUIo
yavmpaguonemogoco obnyuenus. Bauanue Y@-usnyuenus (253 um) Ha napamacHumuvlie Xapaxmepucmuxu
nanoxomnozumos Fe;0,&Ag" u Fe;04&Au’ 6v110 usyueno memooom DIIP. Ilonyuennvie daunvie ceuoemenbcmeyiom
0 mom, umo nocie Y®D-obryuenus yseauuusanucsy: CKOpocmb nepepacnpeoenerus 3apada Ha epanuye pasoend
OKCuO-memann, wucio u ekiad cnunoé Fe’*, npu smom wwpuna sanpewennoi somwl 0nn Fes04 ymenvuwanace.
H3yuenue mexanusma B03HUKHOBEHUSI NAPAMASHUMHLIX YEHMPO8 8 HAHOKOMNO3UMAX HA OCHO8E MAacHemuma u
611a20pOOHBIX Memaiios Modicem Oblmb AKMYalbHbIM 0718 GbIAGIEHUA UX ODAKMEPUYUOHOU U POMOKAMATUMUYECKON
axkmusHocmu. B yenom, nonyuennvie Hanoxomnosumvl mocym Oblmb UCHOILIOBAHBI NPU CO30AHUU MEXHUYECKUX
cpedcme  OAKMepuyuoHo20 U AHMUBUPYCHO20  Oelicmeus,  NPeOHA3HAYeHHLIX Ol NpPedomepaujeHus
pacnpocmpanenus UHGEKYUoHHbIX 3a001e6aHUll 8 3AMKHYMOM NPOCMpaHcmee (Ha mpaucnopme, 8 00WeCmeeHHbIX
Mecmax, 601bHUYAXx).

Kntoueevie cnoea: nanokomnosumsi  A0po-000710YKA, POMAYUOHHO-KOPPOIUOHHOE  Oucnepeuposaie,
Hanomazhemum, cepebpo, 3010mo, Y@ usnyuenue, IIIP uccredosanus
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