J. Serb. Chem. Soc. 70 (5) 785-787 (2005) UDC 537.6:541.13:546.56'74
JSCS-3314 Extended abstract
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Abstract: The effect of imposed magnetic fields onto the electrodeposition of mag-
netic (nickel) and non — magnetic (copper) metals was analysed. Also, magnetic
properties of electrochemically obtained nanocontacts were examined. An effort to
establish a possible correlation between the morphologies of the nanocontacts and
the effect of the very large ballistic magnetoresistance (BMR effect) was made.
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The effect of an imposed magnetic field on the electrodeposition of magnetic and
non — magnetic metals

The effect of imposed magnetic fields on the electrodeposition of nickel was
examined. Nickel deposits obtained without and with, low strength magnetic fields
(up to 500 Oe) applied both perpendicularly and parallelly to the electrode surface,
were analysed by the SEM technique. Nickel was electrodeposited from a Watt so-
lution with the addition of coumarin, at cathodic potentials of — 1000, — 1200 and —
1300 mV/SCE. At cathodic potentials of — 1000 mV/SCE and — 1200 mV/SCE, the
obtained nickel morphologies were consistent with the predictions of the magneto-
hydrodynamic (MHD) theory.! The nickel deposits obtained under parallelly ori-
ented magnetic fields had more uniform structures than the nickel deposits ob-
tained without and under perpendicularly oriented magnetic fields. The nickel de-
posits obtained under perpendicularly oriented magnetic fields were very similar
to those obtained without any applied magnetic field.

At a cathodic potential of — 1300 mV/SCE, a dramatic difference was ob-
served between the nickel morphologies obtained without and under a perpendicu-
larly oriented magnetic field (the expected MHD effect was zero !). The nickel de-
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posit obtained under a perpendicularly oriented magnetic field had a very devel-
oped 3D arboreous-bead-dendritic structure. On the other hand, the nickel deposit
obtained without the presence of a magnetic field was very rough, with a clearly
visible clustered structure. ! 2

The obtained nickel morphologies were then compared with those of copper.
Copper was electrodeposited from an acid sulfate solution at a cathodic potential of
— 500 mV/SCE.! Based on the fact that the copper deposits obtained both with and
without a perpendicularly oriented magnetic field had dendritic structures, the ob-
served difference between the nickel deposits with and those without a perpendicu-
larly oriented magnetic field, is essentially ascribed to the magnetic properties of
nickel.

Magnetic nanocontacts and the balistic magnetoresistance effect (BMR effect)

Electrodeposition is the most important way of preparing nanocontacts, in-
cluding those showing ferromagnetic properties.3 From a practical point of view,
one of the most important magnetic properties of electrochemically obtained mag-
netic nanocontacts is their magnetoresistance. Magnetoresistive effects are studied
for applications in new technologies, for example, for magnetic reading heads, the
development of which is required by permanent efforts for decreasing the size of
electronic devices.*

Ballistic magnetoresistance is observed in Ni, Co, NiFe and Fe nanocontacts
obtained by electrodeposition.!:2:4-7 Some of the electrodes which were used for
the electrodeposition of nanocontacts and which showed very large magneto-
resistive effects are: photolithographically patterned thin film microstructures of
NigiFejg alloy,!:2 “T” configuration of wires which can be from magnetic (Ni,
NiFe) and non-magnetic (Cu) materials,-¢ and specially fabricated copper thin
films.47 In these nanocontacts, magnetoresistive effects up to 1000 % have been
observed.

It was shown that it is not possible to find any correlation between the mor-
phology of the electrochemically obtained nanocontacts and the very large magne-
toresistive effect. The morphologies of Co — Co nanocontacts were very rough,
consisting of a very large number of small nano-sized cobalt grains. The morpho-
logies of Fe — Fe nanocontacts were a very developed dendritic structure formed
from a very large number of small sponges. The needles which formed the sponges
had nano-sized dimensions and it was supposed that the needle were responsible
for the very large BMR effect of nanocontacts. The morphologies of NigjFejg —
NigiFe9 nanocontacts were like “bridges” between adjacent parts. The size of
these “bridges” was less than 1 pum.
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NU3BOJ

MATHETHU E®EKTU Y EJIEKTPOXEMUIN
HEBOJIIA 1. HUKOJIMh

HUXTM — Lenitiap 3a eaexitipoxemujy, Hjezowesa 12, 11 000 Beozpao

AHanM3MpaH je YTUIaj IPUMEHEeHOT MarHeTHOT N0Jba Ha eJIEKTOXEMH]CKO TaJloKeHhe
MarHeTHUX (HWKJa) M HeMarHeTHHX MeTana (Gakpa). [Ipomena mopdosoruje 3a Bpeme
€JIEKTPOXEMHjCKOT TaJIOXKeHha HUKJIA MOJ] YTHIAjeM BEePTUKAIHO OPHUjeHTHCAHOT MOJba Ce
MIPHIICYje YTHIAjy MarHETHOT 1T0Jba Ha MarHeTHe ocoOnHe HUKIa. Takobe, y pagy cy ucnu-
TaHE W MarHeTHE OCOOMHE eNeKTPOXEMHjCKU NOOUjeHnX MarHeTHUX HAHOKOHTaKaTa. Y Iu-
IECH je MOKYIIaj fla ce ycrnocraBu Beza m3Meby Mopdosioruje HaHOKOHTaKaTa ¥ BHCOKOT
edekTa GanuCTHIKEe MarHETOPE3UCTEHIITje.

(ITpumsbeno 23. pebpyapa 2005)
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