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An array of iron nanowires within polyaniline nanotubules was obtained using a two-step template synthesis.

First, an array of polyaniline nanotubules was synthesized in an alumina template, and then it was used as a

``second-order template'' for electrodeposition of iron within the polyaniline nanotubules. The polyaniline

envelope may protect the iron nanowires against the corrosive atmosphere. The composite nanostructure was

characterized by EDX, XRD and SEM and its magnetic properties were measured by VSM. Coercive forces of

the array of iron nanowires encapsulated within polyaniline range from about 119 to 210 Oe with an increase

from 0 to 90³ for h, the angle between the applied ®eld and the surface of the alumina template. The array has

the axis of easy magnetization in the membrane plane and may be a promising candidate for horizontal

magnetic recording materials.

Recently, great efforts have been devoted to the development
of perpendicular recording materials.1±4 The template synthesis
method provides a versatile approach and has had considerable
success in the preparation of arrays of Fe, Co, Ni and alloy
nanowires which have the easy axis perpendicular to the ®lm
plane.5±8 However, magnetic metal nanowires are quite active
and can be corroded under a corrosive atmosphere In
particular, iron nanowires can be easily corroded in humid
air and this limits their application. Recently we have been
interested in the development of the preparation of metal-
nanowire arrays encapsulated within a polymer, and we have
had some success. Here we report on the synthesis of an array
of iron nanowires by electrodeposition inside the polyaniline
nanotubules (abbreviated to APF). The latter was synthesized
in the pores of the commercial available alumina ®lter
(anodic1) made by Whatman Inc. with a thickness of
60 mm. The magnetic properties of the APF are also described.

Experimental

The synthesis is composed of two steps. Synthesis of the
polyaniline nanotubules in the pores of the alumina template
membrane is carried out by simply immersing the alumina
template membrane in 10 ml of a solution of 0.3 M aniline
(chemically pure (CP)) and 1 M HCl, and to this mixture 10 ml
of 0.5 M toluene-p-sulfonic acid sodium salt (CP), 0.12 M
ammonium metavanadate (CP) and 1 M HCl solution were
added.9 The solution was bubbled with nitrogen gas prior to
the polymerization reaction and throughout the polymeriza-
tion. The reaction lasted 1.5±2.5 h at room temperature, then,
the membrane was removed from the solution, and the
polyaniline on the surfaces of the alumina membrane was
removed by polishing with alumina powder. An array of
polyaniline nanotubules formed within the pores of the
alumina template was obtained (Fig. 1). A silver paste which

covered one side of the ``second-order template'' membrane as
a working electrode was applied by the spread coating method.
The electrochemical deposition solution with FeSO4?7H2O
140 g l21, H3BO3 50 g l21, and ascorbic acid 1 g l21, was
con®ned to the bare side of the ``second-order template''
membrane, so that deposition was initiated onto the Ag ®lm
from within the polyaniline nanotubules. The iron was
deposited in a bottom-up fashion in the ``second-order
template'' membrane so as to ®ll up the pores. The extra
iron that over¯owed from the pores was removed by chemical
etch using FeCl3 solution. Powder X-ray diffraction of the
above sample was recorded on a Rigaku X-ray diffractometer
(Cu-Ka radiation, l~0.15418 nm). The APF composite
membrane was immersed in 6 M NaOH solution to dissolve
the alumina template and the silver ®lm was removed as far as
possible by chemical and mechanical methods. The template
was then sputtered with a thin ®lm of gold on the silver ®lm side
as the testing sample for scanning electron micrograph (SEM)
and energy dispersive X-ray analysis (EDX) measurements.
SEM and EDX were carried out on a Hitachi, X650 electron
microscope and EDAX PV9100. Magnetization loops were
measured at room temperature, using a LakeShore, EM 7037
vibrating sample magnetometer (VSM).

Results and discussion

SEM images of the polyaniline nanotubules and APF
nanowires after dissolving a part of the alumina membrane
are shown in Fig. 1a, 1b, respectively. The tubular structure of
the polyaniline is observed clearly in Fig. 1a, and the outer
diameter of the tubules is ca. 200 nm, corresponding to the pore
diameter of alumina. From Fig. 1b, we can see that APF stands
on the substrate surface like the bristles of a brush. The
nanowires are 60 mm long, corresponding to the thickness of
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the template membrane, and are continuous and mechanically
stable.

The presence of iron in the polyaniline nanotubules is
demonstrated by EDX (Fig. 2). There are three elements: iron,
aluminium and gold in the EDX spectrum. Aluminium comes
from the alumina template, and gold comes from the thin ®lm
of gold sputtered before SEM and EDX measurements. In
order to identify the structure of the iron in the nanowires,
XRD measurements on the APF were carried out (Fig. 3). We
have proved the presence of iron by EDX and VSM
measurements, even though Ag (ASPDF 4-0784) and Fe
(ASPDF 6-0696) have some similar XRD diffraction peaks in
the range of 38³v2hv82³. We can index the iron as (110),

(200) and (211) cubic iron metal from XRD, and this suggests
that the nanowire is composed of pure iron metal rather than
an iron compound.

The M±H hysteresis curves of the APF are shown in Fig. 4a,
and shows that the easy axis lies in the membrane plane. The
coercivity forces increase from 119 to 210 Oe as h increases
from 0 to 90³, where h is the angle between the surface of
membrane plane (Fig. 4b) and the applied ®eld. The squareness
ratio (Mr/Ms) of the array decreases from 0.108 to 0.056, with
the maximum at h~15³ (Fig. 4c). The remanence of the array is
11% less than the saturation magnetization, because of the
magnetic interaction among the adjacent nanowires. The
results show that the array of iron nanowires encapsulated
within polyaniline may be a candidate material for horizontal
magnetic recording.

Conclusions

A two-step template synthesis provides a versatile approach in
the preparation of an array of polymer nanotubules ®lled with

Fig. 2 EDX pro®le of APF.

Fig. 3 X-Ray powder diffraction spectrum of APF.

Fig. 4 VSM. (a) Magnetization curves with the ®eld applied parallel
and perpendicular to the APF membrane recorded at room
temperature. (b) The variation of coercive force. (c) The variation of
squareness with the angle (h) between the magnetic ®eld applied and the
APF membrane.

Fig. 1 Scanning electron microscopic images of (a) polyaniline
nanotubules obtained after dissolution of the top layer of alumina
membrane, (b) iron nanowires ®lled within polyaniline nanotubules
obtained after dissolution of the top layer of alumina template, showing
nanowires of monodisperse length corresponding to the membrane
thickness (60 mm).
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metal nanowires. An array of iron nanowires encapsulated
within polyaniline has been prepared. The magnetic behaviors
were determined. The easy axis of the array lies in the
membrane plane. The polyaniline envelope might protect the
iron nanowires against the corrosion under humid air. The
array we prepared may be a promising candidate material for
horizontal magnetic recording.
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