Neutrons and X-rays in the development

of novel ferrofluids

Ferrofluids — stable colloidal suspensions of
ferromagnetic or ferrimagnetic nanoparticles in a
liquid — are widely investigated for many technical
and biomedical applications, including water treat-
ment, energy harvesting and transfer, vibration con-
trol, magnetic electromagnetic wave absorption,
energy storage applications, hyperthermia, mag-
netic drug delivery, biocatalysis, enzyme immobi-
lization, DNA separation and purification, non-in-
vasive magnetic resonance imaging, etc.

In the last decade, extensive research has been
going on to develop various approaches to the syn-
thesis of magnetic nanoparticles (MNPs). Various
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Fig. 1 Ll
SANS and SAXS experimental and fit-
ted curves of water-based ferrofluid
with BaFe;,0, nanoparticles. The in-
serts represent schematically the
shape of detected particles.
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JKCneprIMeHTaNbHble 1 annpoKCMMU-
pytowme Kpreble MYPH n MYPP gna
beppoXKngKoCTN Ha BOLHOW OCHOBE C
HaHouacTuuamm BaFe;,0,4. BcTaBKNM 1E-4
CXemaTnuyecKn n3o6paxkaloT obHapy-
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synthetic methods are used or under development
to obtain MNPs of desired size, morphology, stabil-
ity and biocompatibility, as this determines many of
chemical and physical properties associated with
nanoparticles. Recently, the production of con-
trolled-shape ferrite nanoparticles has become an-
other requirement for researchers, and it has al-
ready been found that the size and shape of MNPs
are highly dependent on the type of surfactants
and solvents used in different reaction conditions.
Small-angle scattering comes handy in the
studies of the structural properties of ferrofluids.
Using small-angle neutron and X-ray scattering in
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MeToObl paccesaHud

B pa3paboTKe HOBbIX (heppoXKUOKOCTEN

DeppoXKnAKOCTM WMPOKO nccneyoTca ans
TEXHUYECKUX N OMOMEANLUHCKUX MPUMEHEHUIA,
BKJIOYAA OUMCTKY BOAbl, COOP 1 Nepedavy sHepruu,
KOHTpOMb BMOpaLuK, MOMIOWEHNE MarHUTHbIX
3NEKTPOMArHUTHbBIX BOJTH, MPUNOXEHWNS 418 XpaHe-
HUA SHEPTUN, TUNEPTEPMULID, MAarHUTHYIO [OCTaBKY
NneKapcTB, 61MoKaTanms, UMMobunmsauuio pepmeH-
TOB, pa3feneHuve n ounctky [HK, a Takxe HenHBa-
3MBHYI0 MarHUTHO-PEe30HaHCHY ToMorpaduio u
ap.

B nocnepHee pecatunetre npoaonxKaoTca ob-
LWUMpPHbIE UccnefoBaHUs B obnacty pa3paboTku
pasfiMyHbIX NOAXOA0B K CUHTE3Y MAarHUTHbIX HaHO-
yactuy (MHY). PasnuuHblie cMHTETUYECKME MeToAbI
NCMOJb3YOTCA U pa3pabaTblBAOTCA ANA NONyYeHUs

MHY »xenaemoro pasmepa, Mmopdonoruu, ctabunb-
HOCTW 1 6MOCOBMECTUMOCTU. MHOrne Xumunyeckme
1 usnyeckmne CBOMNCTBA, CBA3AHHbIE C HAHOYACTU-
LaMu, CMNbHO 3aBUCAT OT pa3Mepa HaHoYacCTuL,
Mopdonornm, CtabunbHOCTY U GUOCOBMECTUMOCTH.
B nocnepHee Bpems NMpou3BOACTBO HAHOYACTUL
bepputa KoHTpONupyemoln ¢Gopmbl CTano elle
OfHVM TpeboBaHVEM ANA UCC/ieloBaTeNew, N yxe
6bIN0 yCTaHOBNEHO, YTO pa3smep n ¢opma MHY
KOHTPONMPYIOT 1 CUSIbHO 3aBUCAT OT TUMa NOBEPX-
HOCTHO-aKTMBHOIO BeLLEeCTBa 1 PacTBOPUTENEN, UC-
MoJb3yeMbiX B PA3fINUYHbIX YCIIOBUAX pPeakLun.
XopoLlo n3BeCTHa BaXKHasA posib HENTPOHOB B
N3YyYeHNM CTPYKTYPHbIX CBONCTB GpeppoXKMaKOCTEN.
C MCnonb3oBaHMEM MasIOyr0BOIO PacCeAHUsA Hell-
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experiments performed on the YuMO instrument at
the IBR-2 reactor, RIGAKU (MPhTI) and XEUSS 3.0
stations (FLNP), respectively, XRD on the Empyrean
X-ray diffractometer (PANalytical), studies of fer-
rofluids with anisometric nanoparticles BaFe;;0;4
and CuFe;0,, which are important for the develop-
ment of magneto-optical applications, were carried
out. Joint investigations using SANS and SAXS, as
well as the application of various solvents (H,O and
D,0), made it possible to obtain new information
about the analyzed systems both in terms of the
shape and size of nanoparticles, and from the point
of view of the distribution of surfactants on their
surfaces[1, 2]. This is all very important for chemists
to develop various preparation techniques.

Figure 1 shows the experimental and fitted
SANS and SAXS curves for a water-based ferrofluid
with BaFe12019 nanoparticles. The graphic inserts
show schematically how the particles of the system
look like. Figure 2 presents the resulting distribution
of surfactant molecules on the particle surface. It
has been established that the system consists of
large lamellar and small ellipsoidal nanoparticles,
and the surfactant molecules of sodium dodecyl
sulfate form a second shell around the ellipsoidal
particles, mainly from the flat sides, while the mol-
ecules of lauric acid are distributed on the elon-
gated sides of the particles. This is likely the main
cause of the good stability of the explored system.

Fig. 2. Schematic representation of the coating of a nanoparticle with surfactant molecules: (a) description of surfactant
molecules; (b) uniform distribution as assumed; (c) distribution derived from SANS experiments.

Oleic Acid (OA)
CH5(CH,),CH=CH(CH,),COOH

Sodium dodecyl sulphate (SDS)
CH3(CH,)nOSO0:Na

SDS:LA(1:1)

‘ Lauric acid (LA)
CHxCOOH

@ O

a

Puc. 2. CxemaTnueckoe npefcTaBieHne NoKpbITAA HAHOUACTULIbI C MOSIEKY/IaMU MOBEPXHOCTHO-aKTUBHOTO BELLeCTBa:
(a) OnuncaHne MoneKyn NOBePXHOCTHO-aKTUBHOIO BellecTsa; (b) Nnpegnonaraemoe egrHoe pacnpeneneHue;
(c) pacnpepeneHmne, nonyyeHHoe 13 skcnepumeHTos MYPH.

TPOHOB 1 PEHTTEHOBCKUX NyUel, BbIMOIHEHHbIX Ha
npubope OMO peakTtopa UBP-2, ctaHunin PUTAKY
(MODOTW) n XEUSS 3.0 (JTHD) cOOTBETCTBEHHO, PEHT-
reHodazoBoro aHanusa (POA) Ha peHTreHOBCKOM
andpaktomeTpe Empyrean (PANalytical), nccnepy-
toTCA GeppPOXKNAKOCTA C AHN3OMETPUUYECKUMU Ha-
HoyacTuuamm BaFe;;0;9 n CuFe;0,, BakHble anA
Pa3BUTUA MAarHUTOONTUYECKUX NpunoxeHuin. Co-
BMeCTHble nccnegosaHua MYPH n MYPP, a takxe
Ncnosb3oBaHKe pa3nunyHbix pacteopuTtenein (H,O n
D,0) no3sonunv nonyunTb HOBYO MHPOPMALMIO 06
aHaNM3MpyeMblX CUCTEMAx KakK C TOUYKU 3peHuA
bopMbl 1 pa3mepa HaHOYACTUL, TaK U pacnpepene-
HMA NOBEPXHOCTHO-aKTUBHbIX BELLECTB Ha MX No-
BEPXHOCTU [1, 2], UTO OYEHb BaXKHO A7A MOHVMMAHUA
NpoLIeCccoB 1 pa3paboTKy METOAO0B NPUFOTOBNEHUS
XUMUKaMMU.

[2] Balasoiu M., et al. J. Surf. Investig. (to be published).

Ha puc. 1 nprBefeHbl SKCNepuMeHTasbHble 1
annpokcmmupytowme kpmsble MYPH 1 MYPP gna
beppoXnaKOCTU Ha BOAHOM OCHOBE C HaHOYaCTU-
uamu BaFe;;049. Ha rpadumuecknx BcTaBKax cxe-
MaTUYHO MOKa3aHo, KaK B UTOre BbIrMAAAT YacTULbI
cucTembl. Ha puc. 2 nokasaHo nonyyeHHoe pacnpe-
geneHve monekyn MNAB Ha NnoOBepXHOCTM YacTuMLbI.
YCTaHOBNEHO, YTO CMCTEMA COCTOUT U3 KPYMHbIX
MNacTUHYATbIX Y MENKUX SUTUNCOUAANbHbIX HAHO-
yacTuu, npuyem monekynol MAB gogeuuncynbdarta
HaTpusa 06pasyroT BTOPYIO 0600UKY BOKPYT S1MM-
conpaanbHbIX YacTUL, MPEeUMYLLECTBEHHO C MIOCKUX
CTOPOH, @ MOMEKYJIbl TayPUHOBOW KMCNOTbI pacrpe-
ZleneHbl No BbITAHYTbIM CTOPOHAM YacTuL, YTo Npu-
JaeT cucTeme XopoLyto CTabunbHOCTD.
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