Ferrofluids at interfaces in external fields

In FLNP, neutron reflectometry is used to study
the behavior of ferrofluids at hidden interfaces in
external magnetic and electric fields.

Ordered assembling of magnetic nanoparti-
cles at planar interfaces is of current interest for var-
ious potential applications in catalysis, optics, and
data storage. In this regard, an important step is the
study of ferrofluids — suspensions of colloidal mag-
netic nanoparticles coated with various stabilizing
agents (surfactants, polymers), whose properties
can be controlled by external magnetic fields. The
properties of dielectric ferrofluids can also be influ-

enced by an external electric field. The study of such
an effect is relevant for the direct present-day ap-
plication of ferrofluids as additives to electrolytes of
high-voltage transformers for regulating thermal
properties, where nanoparticles of magnetic mate-
rials interact with electrodes in the presence of a
strong electric field, which, in turn, affects the di-
electric breakdown voltage.

A group of researchers from the Institute of Ex-
perimental Physics of the Slovak Academy of Sci-
ences in Kosice (Slovakia) in cooperation with FLNP
studied the adsorption of magnetite nanoparticles

Fig. 1. Formation of an adsorption layer of magnetic nanoparticles at the ferrofluid-crystal interface in an external
magnetic field according to neutron reflectometry data.
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Puc. 1. O6pasoBaHue agcopbLMOHHOTO CI0St MarHUTHBIX HAHOUACTUL, Ha FPaHULE Pa3aena «beppoXKMAKOCTb-KpU-
CTan/» BO BHELHEM MarHUTHOM MoJIe Mo JaHHbIM HENTPOHHO pedieKToMeTpuN.

DeppoXKNOKOCTU Ha rpaHuLax pasgena

BO BHEWHMX NMOJI4AX

B JIH® ¢ nomouwbio HENTPOHHON pedneKkTo-
METPUM aKTVBHO U3yyYaloT NnoeefeHne Geppoxna-
KOCTel Ha CKPbITbIX FPaHMLax pasgena BO BHELWHMX
MarHUTHbIX 1 3NIEKTPUYECKUX NOSIAX.

YnopsagoyeHHble MacCUBbI MarHUTHbIX HAHO-
YacTUL Ha MAIOCKMX FPaHNLAX pa3gena akTyasbHbl
[NA Pa3NINYHbIX NOTEHLMANbHbIX MPUIIOXKEHWI B Ka-
Tanv3e, ONTUKe 1 XPaHEeHUN JaHHbIX. B CBA3M € 3TUM
AKTMBHO M3yYatoTca GeppoXMAKOCTM — CYCNeH3NN
KONMOWAHbBIX MarHUTHbIX HAHOUYACTUL, MOKPbITbIX
pPa3nNYHbIMK CTAaOUNN3VPYIOLWMMY areHTamu (no-
BEPXHOCTHO-aKT/BHbIE BeLleCTBaMu, Nosinmepa-
MM), CBOMCTBA KOTOPbIX MOTYT PeryaMpoBaTbCs
BHELUHUMW MAarHUTHbIMK MonamMn. Ha cBoncTBa an-

SNEKTPUYECKNX GEPPOXKMAKOCTEN MOXKET BANATL 1
BHELUHee 3N1eKTpuYeckoe nose. MisyyeHve faHHOro
3¢ddeKTa akTyanbHO Ans NPAMOro NpUMeHeHus dpep-
POXMAKOCTEN B KauecTBe 400ABOK B SNEKTPONNTbI
BbICOKOBOJIbTHbIX TPaHCHOPMaATOPOB ANA peryns-
LM TEPMUYECKUX CBOWCTB, rAe HaHOo4YacTULbl 13
MarHUTHbIX MaTepunasioB B3aMMOLENCTBYIOT C dfeK-
TpoAamu B NPUCYTCTBMN CUSTBHOTO 311eKTPUYECKOrOo
noss, 4To, B CBOIO ouepe/b, BIINAET Ha HanpsXKeHne
AN3NEKTPUYECKOTO NPo6os.

lpynna nccnegosateneit us VIHCTUTYTa aKcne-
pumeHTanbHol ¢usrkm CnoBaLKom akalemMun Hayk
B Kownue (Cnoakusa) coBmectHo ¢ JIHO nccnepo-
Basia afcopObLMIo HaHOYACTML, MarHeTuTa, gucnep-
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that are dispersed into transformer oil and coated
with oleic acid for stabilization, on the planar sur-
face of crystalline substrates. The adsorption was in-
duced by applying non-uniform magnetic or elect-
ric fields perpendicular to the surface and was ana-
lyzed by neutron reflectometry (GRAINS reflec-
tometer). In the case of magnetic fields, adsorption
is enhanced due to the Zeeman interaction of mag-
netic dipoles of particles with an external magnetic
field. In the case of electric fields, nanoparticles are
first polarized due to the presence of a dielectric
carrier, and, as a result, an interaction arises be-
tween the electric dipole moments of particles with
an external electric field, similar to the effect of a

magnetic field. At a sufficiently high field gradient,
the formation of several adsorption layers with dif-
ferent filling densities of nanoparticles is observed.
Relaxation measurements after turning off the field
show that the local field generated by strongly in-
teracting dipoles in concentrated adsorption layers
is an important feature that also determines the en-
hanced adsorption of nanoparticles.

The discovered sensitivity of ferrofluids based
on dielectric carriers not only to magnetic but also
to electric fields expands the possibilities of control-
ling the behavior of such systems under the com-
bined action of magnetic and electric fields.

Fig. 2. Evolution of the near-boundary region at the contact between a dielectric ferrofluid and a planar metal het-
erostructure on a crystalline (Si) substrate in an electric field.
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Puc. 2. DBontouns NnpurpaHUYHoOM 061acT KOHTaKTa ANSNEKTPUYECKON GeppOoXXMAKOCTY C MIaHAaPHOM METaIMYeCcKon
reTepoCTPyKTYpPOW Ha KpucTananyeckon (Si) noanoxke

rMPOBAHHbIX B TPaHCHOPMATOPHOE Macsio 1 Ana
CTabunmM3aunm NOKPbITbIX ONTIENHOBOW KMUCIOTOW, Ha
naaHapHOWM MOBEPXHOCTU KPUCTANIMYECKMX NOA-
noxkek. Agcopbuua nHayLmpoBanacb NPUIOXeH -
€M HeOAHOPOAHOIro MarHUTHOIoO UNKN sneKkTpnye-
CKOro nosneun neprneHAnKynApPHO NOBEPXHOCTU ”
perncTprpoBanacb METOLOM HEMTPOHHOW pedek-
TomeTpum (pednektometp NPIVHC). B cnyyae mar-
HUTHOTO NoNA yCuneHne agcopouUmn NPONCXoanT
3a CYEeT 3eeMaHOBCKOro B3aMOAENCTBUA MArHUT-
HbIX AUNOJIEN YacTUL, C BHEWWHUM MarHUTHbIM MO-
nem. B cnyyae anekTpryeckoro noas cHavana npo-
NCXOAMWT NoNApr3aLmsa HaHOUYACTUL, U3-3a HaNNUns
ON2NeKTPUYECKOW cpefbl 1, Kak pe3ynbrart, no-
ABNAETCA B3aUMMOJENCTBUE MeXAY AWMOJbHbIM
NEeKTPpnYeCKMMM MOMeHTamMn 4aCctuy C BHEWWHUM
3NeKTPUYECKMM NOJNIEM aHaNorMyHo 3bdeKkTy mar-

HUTHOro nons. MNpu gocTaTouHo 60MbLWOM rpagn-
eHTe nonen HabnogaeTca GopMrpoBaHMe HeCKOSb-
KMX afCoOPOLMNOHHbIX C/I0EB C Pa3HOW MIIOTHOCTbIO
3aMoIHeHUA HaHoYacTULLAMI. PenakcaluyioHHble 13-
MepeHUsA Nnocse BbIKOYEHUs NOos NMoKasbiBaloT,
yTO JIOKaNbHOE Mone, co3aBaeMoe CUIbHO B3au-
MOZENCTBYIOWUMI ANMONSIMU B KOHLEHTPUPOBAH-
HbIX aACOPOLMOHHBIX CNOAX, ABMNAETCA BaXXHOWN
0COBEHHOCTbIO, KOTOPas TaKXKe ONpPeReNsieT yCUNeH-
HyI0 aicopOLMI0 HaHOYaCTIL,

O6Hapy»*eHHas YyBCTBUTENbHOCTb GEPPOXKUL-
KOCTell Ha OCHOBE AN3NEKTPUYECKNX HOCUTENEN He
TONbKO K MarHUTHOMY, HO U K 3NIEKTPNYECKOMY NO-
o, pacLuMpsieT BO3MOXHOCTU YNpaBieHWs NoBee-
HVEeM TaKUX CUCTEM NPY KOMOUHNPOBAHHOM BO3AeN-
CTB/N Ha HUX MAarHUTHbIX U 3JTEKTPUYECKNX rnosnen.
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