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One-dimensional (1D) nanostructured materials have attracted
much attention concerning their potential applications in both the (a)
investigation of mesoscopic physics and the fabrication of nano-
devices'? In particular, 1D magnetic nanomaterials have been
extensively exploited for their potential utilization in magnetic
recording and spintronics® The key synthetic methodologies
developed so far include catalyzed high-temperature growth via
the vapor-liquid—solid (VLS) mechanisng templated synthests}t
organometallic precursors decomposed in solutfoand direct
electrochemical precipitatiotf.Nevertheless, it remains a challenge
to prepare free-standing magnetic nanowires in high yield. Solvo-
thermal synthesis is one of the most powerful strategies employed
for the crystallization of many unique compourdsJnder solvo-
thermal conditions, many starting materials can undergo quite
unexpected reactions, which are often accompanied by the formation (b)
of nanoscopic morphologies that are not accessible by classical
routes. Buhro’s group has reported the growth of the groupMI|
polycrystalline fibers and whiskers with small crystal dimensions
by using simple organometallic reactions conducted at low tem-
perature {203 K) in hydrocarbon solvent8.Here, we report the
first successful synthesis of an interesting 1D ferromagnetic CoPt
alloy by direct decomposition of platinum acetylacetonate and cobalt
carbonyl in ethylenediamine solvent through a solvothermal reac-
tion. The CoPt alloy nanowires obtained have a tunable diameter
of 10—50 nm and a length along the longitudinal axis of up to

several mi.crons, deper]ding on Cwstalli;ation temperature "?md time.,__igure 1. (a) SEM image of uniform CoPt nanowires that were prepared
In a typical synthesis, underzlrotection conditions, platinum  via the solvothermal reaction. The wires have widths of%0 nm and
acetylacetonate [Pt(GEOHCOCH),, 0.39 g, 100 mmol] was lengths along the longitudinal axis of up to several microns. (b) SEM image
dissolved and stirred in ethylenediamine (en, 40 mL) solvents. of CoPt nanowires annealed at 580.
Cobalt carbonyl (CgCO), 0.34 g, 100 mmol) was added after
the platinum acetylacetonate was completely dissolved. The mixture
was stirred until a clear solution was obtained before being
transferred to a Teflon-lined autoclave. The reaction was completed
under an optimized temperature (36200 °C) for 12—72 h. The
products were filtered off, washed sequentially with ethanol, purified
by ultrasonication in ethanol to remove residue ethylenediamine
attached on the surface of nanowires, separated by centrifuge, an

dried in a vacuum at 50C for 6 h. thesized CoPt nanowires indicates a chemically disordered face-

Figure 1hsh.owds thg rEorphoIolg)é gnr;ges of the h'ﬁhly umform_ centered cubic (fcc) phade!’ The chemical order can be improved
(2) as-synt lesized an ( ). annealed CoPt nanowires that are ?Cqu!regartially by annealing the sample in a furnace at high temperature
by a scanning electron microscope (SEM). The CoPt nanowires in

seen in the figure, the length of the nanowires along the longitudinal
axis can be up to several microns. The chemical concentration in
the CoPt nanowires is determined by the energy dispersed X-ray
spectrometer (EDX) using a Hitachi HF-2000 200 kV scanning
transmission electron microscope (STEM). This EDX analysis
demonstrates that the quantitative atomic ratio of Co and Pt in the
(gorresponding nanowires is uniform and close to 53:47. Structural
nalysis by wide-angle X-ray diffraction (XRD) of the as-syn-

i 1h di £30 hich i ble b under a flowing Ar atmosphere (see Supporting Information).
gure 1 have an average diameter o nm, which Is tunable by ¢ pgice of solvent was found to play a key role in synthesizing

gontrollln% ttr;]e experlmtentt.al confdlttkl]ons of reactlor]r;]em dperatl;res, the morphology of CoPt nanowires in our work. Solvent properties
Imes, an d € concen ,rﬁ |Ens_ ot the pr;agur;ors. e diameler olg, o 55 redox, polarity, softness, and viscosity strongly influence
nanowires decreases with the increase of both reaction temperatureg, . solubility and transport behavior of the precursors involved in

and reactlo_n tl[]nes. Tne rtl;]ghz_r thet con;:entratlc_m obeo and itsuch heterogeneous liquidolid reactiong® Recently, ethylene-
precursors 1S, the smaller the diameter of nNanowires beComes. ASyiamine (en) has proven to be an ideal solvent for controlling the
- morphology of semiconductor materials in solvothermal synthe-
Chemical Sciences Division. ie11,19 H : : f
+ Metals & Ceramics DIVISION. Sis! Ethylenedlamlne moleculeg may act as a bldgntate ligand
§ Condensed Matter Sciences Division. to form a relatively stable complex ion [Pt(g}). With an increase
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45 morphologically interesting nanomaterials through controlled re-
structuring of the precipitators generated in situ by solvothermal
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80 " _o,\ —© 1as é treatment. In fact, we have also successfully prepared FePt, NiPt,
;300 '\ z§» 40 o8 and CrPt alloy nanowires using the same approach. Research is
© 700} § 20 1% g underway to characterize magnetic properties of the corresponding
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Temperature (K)

Figure 2. Temperature dependence of saturation magnetizakibn@)
and coercivity Hc, ®) of the as-synthesized CoPt nanowires. The inset
picture displays a typical magnetization curve acquiresl i by aSQUID

magnetometer. Supporting Information Available: EDX analysis spectra of the

CoPt alloy nanowires; XRD patterns of the alloy nanowires after
in the temperature, autoreduction of [Pt(@#) and the decomposi-  annealing fo1 h atvarious temperatures under flowing Ar atmosphere;
tion of Co(CO) lead to the formation of the metallic CoPt SEM images of a successive transient process during the growth of
nanophas&’2! The temperature was another factor affecting the &lloy nanowires; SEM and HTEM images of the CoPt alloy nanowires
growth of CoPt nanowires. No nanowires were obtained below 120 @néaled at 580 and 75T, respectively (PDF). This material is
°C. The growth of nanowires was observed by raising the reaction available free of charge via the Internet at http://pubs.acs.org.
temperature above 16@ under auto pressure in the autoclave.

The successive processes occurring during the growth of CoPt
nanowires under solvothermal conditions were investigated through
the SEM imaging of the corresponding quenched samples at the
different reaction stages. Initially, the formation of thin platelike
nanostructures composed of many adjacent CoPt alloy she®fs (
nm thick) was observed. Subsequently, the adjacent alloy sheets
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