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Fe3Pt nanowire arrays were fabricated by electrodeposition of Fe2+ and Pt2+ into anodic aluminum
oxide sAAOd templates. X-ray diffractionsXRDd pattern indicates that the crystallites of Fe3Pt
nanowires arefcc structure with existence of strongf110g orientation along the nanowire axes.
Transmission electron microscopy reveals that the diameter and length of nanowires are about 10
and 400 nm, respectively. Relatively high coercivities parallel to nanowire arrays of about 2.72 kOe
at 5 K and 1.17 kOe at room temperature were achieved. The magnetic hysteresis loops demonstrate
that the arrays of nanowires exhibit uniaxial magnetic anisotropy with the easy magnetization
direction along the nanowire axes owing to the large shape anisotropy. The magnetization reversal
process of the nanowire arrays at 5 K is discussed by symmetric fanning mechanism of sphere
chains model. The temperature dependence of the coercivity parallel to nanowire arrays is
interpreted by thermally activated magnetization reversal process. ©2005 American Institute of
Physics. fDOI: 10.1063/1.1944210g

Fe3Pt alloys have received considerable attention owing
to their interesting physical properties such as giant
magneto-striction and invar effect. Recent investigations
have focused on the exchange coupling of the soft magnetic
Fe3Pt and hard FePt1 as well as the magnetic anisotropy of
the Fe3Pt films.2 However, up to now there are relatively few
reports on Fe3Pt nanowire and little study has been done on
the fundamental magnetic properties and magnetization re-
versal process behavior, although there are several studies
reported the FePt, FePt3 nanowires, and nanotubes fabricated
by electrodeposition.3–6 In the present work we report on
Fe3Pt nanowire arrays by electrodeposition into self-
assembled alumina templates. It was found that the as-
deposited nanowire isfcc-structure with existence of strong
f110g orientation along the nanowire axes. Magnetization
measurements indicate that the shape anisotropy dominates
the overall magnetic anisotropy in Fe3Pt nanowires.

Nanoporous anodic aluminum oxidesAAOd was used as
templates to synthesis Fe3Pt alloy nanowires. High purity
s99.999%d aluminum foil was polished in the mixed solution
of ethanol and choric acidsHClO4d under the constant cur-
rent of 1.5 A for 60 s. The two-step anodization process was
carried out in constant voltage mode to improve the arrange-
ment of the ordered nanopore arrays. In the first step of the
anodization process, aluminum foils were anodized in 1.2 M
sulfuric acid solution resulting a textured surface, then the
formed anodic alumina layer was removed in a mixed solu-
tion of 0.4 M phosphoric acid and 0.2 M chromic acid at
60 °C. Subsequently, the foil was re-anodized for a longer
time using the same parameters as in the first step. Fe3Pt
alloy nanowires were electrodeposited into self-assembled
nanoporous templates by ac deposition in the electrolytes
consisted of 45 g/ l HBO3, 0.03 M FeSO4, and
0.01 M PtsNO2d2sNH3d2 with the PH value of 3.0–3.3. The
ac deposition process was conducted under 15 Vac with the

frequency of 200 Hz for 300 s. The composition of the nano-
wires was determined by inductively coupled plasma analy-
sis sICP methodd, which indicates that the atomic percentage
of the nanowire arrays is Fe78.7Pt21.3 owing to the different
deposit rate of the Fe2+ and Pt2+.

Figure 1 shows the x-ray diffractionsXRDd pattern with
CuKa radiation of the Fe3Pt nanowires deposited into the
templates which exhibits that onlyf110g andf220g peaks can
be discernible corresponding to thefcc Fe3Pt structure with
the constant latticea=3.836 Å, suggesting that the nanowire
arrays havef110g-preferred orientation along the nanowire
axes. Figure 2sad is a representative TEM image of the free-
standing Fe3Pt nanowire completely librated from the anodic
alumina templates. It can be observed that the diameter and
length of nanowire are about 10 and 400 nm, respectively.
Figure 2sbd is the selected area diffraction pattern taken from
this nanowire, indexed as thef001g zone axis offcc structure,
from which the constant lattice is estimated about 3.86 Å,
roughly in agreement with the XRD results. Figure 2scd is
the HRTEM of the Fe3Pt nanowire with the grains distrib-
uted uniformly and continuously. The average interplanar
spacing value matches half of the constant lattice along the
gray arrow which should bes100d direction. So we can ob-
served that the crystallites havef110g orientationswhite ar-
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FIG. 1. X-ray diffraction spectrum of the Fe3Pt nanowire arrays after dis-
solving the aluminum in HgCl2 solution.
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rowd along the wire axis, indicating a trend for texture in that
direction.

In order to investigate the magnetism of the nanowire
arrays the magnetic hysteresis loops were measured by su-
perconducting quantum interference devicesSQUIDd magne-
tometer with the temperature range from 5 to 300 K. Figures
3sad and 3sbd indicate the magnetic hysteresis loops obtained
from the Fe3Pt nanowire arrays with the applied field parallel
and perpendicular to the nanowire axes at 5 and 300 K, re-
spectively. From the hysteretic loops, the parameters are ob-
tained as follows: Hci=2.72 kOe,Hc'=0.76 kOe,Si

=0.73,S'=0.12 at 5 K,Hci=1.17 kOe,Hc'=0.35 kOe,Si

=0.81,S'=0.16 at 300 K. As expected for the applied field
parallel to the nanowire arrays the hysteresis loops are rela-
tively square, whereas when the applied field perpendicular
to the nanowire arrays the hysteresis loops are sheared. It is
evidently seen from the features that the easy magnetization
direction of nanowires is along the nanowire axes, which
suggests that the overall magnetic anisotropy is dominated
by the shape anisotropy in Fe3Pt nanowires owing to large
aspect ratio of about 40. The magnetic anisotropy constant
originating from the shape anisotropy isK=pMs

2=5
3106 erg/cm3 where Ms is the saturation magnetization,
which is comparable with the value of in-plane magnetic
anisotropy constantK1=−43106 erg/cm3 for Fe3Pt thin film

grown by electron-beam evaporation.2 In addition, according
to the predictions of the infinite cylinder model, the hyster-
esis loop parallel to the single wire should be rectangular
with the remanence squennessSi=1 and the parallel coerciv-
ity should equal to the switching fieldHA. Whereas in our
experimental results, the hysteresis loop parallel to nanowire
is not rectangular which is due to the interaction between the
nanowires.7–9

Since the coercivity parallel to nanowires of 2.72 kOe is
much smallersa factor of 3 smallerd than the switching field,
HA=2pMS=7.8 kOe, whereMs=1250 emu/cc of Fe75Pt25,

10

the large discrepency between experimental coercivity and
switching field requires a deep understanding of the magne-
tization reversal mechanism for nanowires. In order to fur-
ther investigate the magnetization reversal process of the
Fe3Pt nanowire arrays, the chain of spheres model11 was em-
ployed to explain the magnetization reversal behavior of the
nanowire arrays. The single nanowire is considered to be
composed of a linear chain ofn single domain spherical
particles. Only the magnetostatic interaction among the
spheres is considered and without exchange interaction.
Magnetization reversal is assumed to proceed a fanning
mechanism with an applied field along the nanowire axis. In
the chain of spheres model the spheres are assumed to have
only point contact, the single domain spheres have a ten-
dency to align their moments along the chain axis due to
magnetostatic interactions. The longitudinal coercivity for a
symmetric fanning mechanism of the magnetic nanowires
can be given as11

Hc = S m

a3Ds6Kn − 4Lnd =
pMs

6
s6Kn − 4Lnd, s1d

wheren is the number of the spheres in a single nanowire.
The values ofKn andLn are given by the following summary
terms as:

Kn = o
i=1

n
n − i

ni3
, s2d

FIG. 2. sad TEM image of an isolated Fe3Pt nanowire liberated from alu-
mina with diameter and length about 10 and 400 nm, respectively.sbd Se-
lected area diffraction pattern of the Fe3Pt nanowire indexed asf001g zone
axis with fcc structure.scd HRTEM image of the Fe3Pt nanowire deposited
on TEM grids.

FIG. 3. Magnetic hysteresis loops of the Fe3Pt nanowire arrays with applied
field parallel and perpendicular to nanowire axes at 5sad and 300 Ksbd.
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Ln = o
i=1

sn−1d/2,iøsn+1d/2
n − s2i − 1d
ns2i − 1d3 , s3d

Kn = Ln + Mn. s4d

According to symmetric fanning mechanism, the longitudi-
nal coercivity of the Fe3Pt nanowires at 5 K was calculated
to be about 2.0 kOe, which is slightly smaller than that of the
experimental value of 2.72 kOe at 5 K. The underestimation
of coercivity in terms of the sphere chains model originates
probably from the smaller value ofMs used here. Since the
content of Fe in magnetic nanowires is higher than 75 at %,
i.e., Fe78.7Pt21.3, a higher saturation magnetization is ex-
pected.

Figure 4 illustrates the temperature dependence of nor-
malized coercivity with the applied field parallel to the nano-
wire axes. It is clearly seen that the coercivity decreases with
increasing the temperature from 5 to 300 K, indicating strong
temperature dependent characteristic. If we only take the
sphere chains model into account, that is to say the parallel
coercivity as a function of temperature should be propor-
tional to theMs variation with temperature, which is plotted
in Fig. 4sad. The calculated coercivity decreases approxi-
mately 25% from 5 to 300 K, which is far slower than the
experimental values of about 55%. As matter of fact, the
temperature dependence of magnetic properties reflects two
mechanisms.12 First the intrinsic temperature dependence of
K, A, and Ms yields intrinsic contribution. Secondly ther-
mally activated jumps over the metastable energy barrier
yields an extrinsic contribution. So the rapid decrease of co-
ercivity with increasing temperature was attributed to not
only the decrease of the saturation magnetization, but also
the thermal fluctuations since thermal activation is important
in the magnetization reversal process of the nanostructured
magnetic materials because of the small size.12–14 If consid-
ering the thermal effect into account in the nanowire struc-
ture and employing thermal activation over a single energy
barrier proposed by Néel15 and Brown,16 in which the field
dependence of the energy barrier has the form

DE = KVS1 −
H

H0
Dm

. s5d

The temperature dependent coercivity can be described
by12–14,17

HcsTd = H0H1 −FkBT lnsf0td
KV

G 1
mJ , s6d

whereH0 is the switching field without thermal fluctuation,
K is the anisotropy constant,V is the switching volume,f0 is
the attempt frequency, andt is relaxation time. On the basis
of Eq. s6d, the coercivity as a function of temperature was
fitted with m=2.0, 1.5, and 1.0, respectively. It is evident that
when m=2.0 the curve can match every experimental data
point in the whole temperature range from 5 to 300 K as
indicated in Fig. 4sbd. The fitted valuem approaching to 2.0
suggests that the crystllites in the nanowire arrays have the
similar behavior as that of the Stoner–Wohlfarth
particles,14,17 corresponding to the noninteracting particles
with the easy magnetization direction well aligned along the
long nanowire axes and magnetization reversal occurred by
rotation.

In summary, Fe3Pt nanowire arrays were fabricated by
electrodeposition of Fe2+ and Pt2+ into anodic aluminum ox-
ide sAAOd templates. XRD and TEM reveal that the as-
deposited Fe3Pt nanowires crystallize infcc structure with
f110g orientation along the nanowire axes. The coercivity
and squareness of magnetic hysteresis loops parallel to wire
axes suggest that the shape anisotropy plays a dominant role
for Fe3Pt nanowires due to large aspect ratio. The magneti-
zation reversal process of the nanowire arrays was inter-
preted in term of symmetric fanning mechanism of sphere
chains model. The coercivity on temperature dependence
was explained by the thermal assisted magnetization process,
which suggests the rapid decrease of coercivity with increas-
ing temperature was attributed to not only the decrease of the
saturation magnetization, but also the thermal fluctuations.
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