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Thermal stability of metallic nanowires and microspheres

Quantized vortices in superfluid helium are the perfect one-dimensional template, imposing growing
the product of condensation of any impurities suspended in Hell only along the core of the vortex.
Nevertheless, we have demonstrated that it is impossible in the case of metal to prepare the chain of single

atoms or molecules.
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Esrennn b. lopaoH
TepMuuyeckana cTabuAbHOCTb MeTaNIM4ECKUX HAHOMPOBOJIOK U MUKpocdep

KBaHTOBaHHbIe BUXPU B CBEPXTEKYYEM reqnun ABNAOTCA naeajabHbIM OAHOMEPHbIM wabnoHoM ana
poOCTa NpOAYKTOB KOHAEHCaUnn KaKux-nnbo I'IpMMECEﬁ. B3BelleHHbIX B Hell Tonbko no cepauesunHe BUX-
pAa. TeM He MeHee Mbl npoAeMOHCTPMpPOBAJIM HEBO3MOXHOCTb B CJlydae C MeTaJlJIOM NMoAroTOBKU LLeNoYKn

OTAe/IbHbIX aTOMOB UIN MOJIEKYI.

KnioueBble cnoBa: cBepxTeKy4yecTb, NpMMech, HAHONPOBOJIKa.

EBrenunin b. lopaoH
MeTtanpabl HaHoCbIMAAp MeH MUKpocdepanapablH TEMUANDbIK TYPaKTbIIbIFbl

ACKbIHaKKbILW reiuniigeri KBaHTTbl KyMbIHAAP Ke3 KelreH KocnaHblH ecyiHe naeanabl yari 60/bIin Ta-
6binagbl. lereHmeH, 6i3aiH 3epTTeyiMi3 60bIHLIA XKeKenereH atTomaap MeH Monekynanapaa o6yn Ti3abekTiH

opblHAANMaln KanyblH KepCeTTiK.

TyniH ce3gep: acKbIHAKKbILWTBIK, KOCMa, HAHOCIM.

Quantized vortices in superfluid helium are
the perfect one-dimensional template, imposing
growing the product of condensation of any
impurities suspended in Hell only along the core of
the vortex. Nevertheless, we have demonstrated that
it is impossible in the case of metal to prepare the
chain of single atoms or molecules. Even in Hell
possessing a uniquely high thermal conductivity
the collision of small metal particles leads to their
self-melting, which resulted in a spherical shape of
product cluster. And only starting from their certain
size the metal clusters begin to coalesce into a
nanowire. The thickness of these nanowires depends
on the thermo-physical properties of the metal and
varies from 8 nm for the low-melting indium to 3
nm for refractory platinum.

However, for practical use these grown at
low temperature nanowires should be stable
at reasonably high T. Our studies of thermal
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stability of nanowires made of many metals and
alloys demonstrated rather unexpected results. In
particular, at room temperature nanowires of indium
possessing melting point Tm = 1570C exhibit long
term stability, while the silver nanowires (Tm =
9600C) fall to «dotted line» of clusters in few hours
after their heating up to T = 300K. All results are
consistent with the following unusual mechanism
of thin metal nanowires decay. In order to destroy
the nanowire it is not necessary to bring it to melt.
One can achieve that simply moving the atoms
along the surface and at a distance slightly greater
than interatomic spacing. The motion of atoms
on the surface is much less activated than that
causing the melting. Therefore, a radical change in
the shape of nanowires can occur at temperatures
much lower than the melting temperature. However
for the destruction of the nanowire by surface
mobility a bean-like shape of nanowire should be

Bectauk KasHY. Cepust pusndeckas. Ne3 (50). 2014



96 Thermal stability of metallic nanowires and microspheres

more energetically favorable than cylindrical one.
That is true for metals such as silver, where the
surface tension increases rapidly with decreasing
radius of the nanowire, and they are destroyed long
before their melting. In metals such as indium and
platinum, this effect is weak, and they exhibit an
enviable thermal stability. The use of alloys can
significantly extend the temperature range of metal
nanowire stability.

Completely different effect determines the
stability of spherical particles, when even melting
cannot change their shape. These particles are
commonly obtained by cooling the molten metal
droplets in a liquid, and a large negative pressure
arises inside them during cooling and solidification.
Our studies have shown that under weak damage to
the integrity of their surface, they break up, ejecting
a plurality of nanoparticles.
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