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Abstract: The following paper presents the possibility
of formation of Pt nanowires, achieved by a three-step
method consisting of conformal deposition of a carbon
nanotube and conformal coverage with platinum by phys-
ical vapour deposition, followed by removal of the car-
bonaceous template. The characterization of this new
nanostructure was carried out through scanning elec-
tron microscopy (SEM), transmission electron microscopy
(TEM) and X-ray di�raction (XRD).
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1 Introduction
Nanotechnology is currently the fastest growing inter-
disciplinary �eld of science. It combines scienti�c disci-
plines such as physics, chemistry, biology, biotechnology,
medicine, pharmacy, informatics and materials engineer-
ing.One of themain factors causing somuch interest in the
world of nanotechnology is that the �eld focuses on mate-
rials at the molecular level, which often have properties
radically di�erent from the same starting materials at nor-
mal size [1–3]. Nanomaterials are characterized as having
at least one of their dimensions be less than 100 nm, and
at the same time having completely di�erent properties
from their micro- and macroscopic equivalents. Carbon
nanotubes are one of the most intensively studied types of
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nanomaterials. They take the form of open or closed cylin-
ders with a diameter from one to several tens of nanome-
ters, and a length of up to several centimeters. Nanotubes
are characterized by unusual physicochemical character-
istics; they are as hard as diamonds, are �exible, elastic,
resistant to tearing and crushing, and are very good con-
ductors of heat, thus o�ering the prospect of theirwide use
in many �elds of technology [4–6]. On the other hand, in
recent years, there has also been a wide interest in the or-
ganic counterparts of nanotubes, cylindrically shaped and
called nanowires. As expected, small diameter nanowires
showdistinctly di�erent optical, electric ormagnetic prop-
erties from the bulk material. Already there have been de-
veloped �rst concepts for the construction of LEDs [7–9],
transistors [10, 11] and logic components [12, 13] using
these nanomaterials. Nanowires were for the �rst time ob-
served using a scanning tunneling microscope in 1987 by
Gimzewski and Moller [14]. In 1993, electrical conductivity
quantization in nanowires made from gold using STM at
room temperature and atmospheric pressure [15] was in-
vestigated for the �rst time. Further studies showed that
nanowires can be formed in much simpler systems: be-
tween a pair of vibrating wires (1995) [16] and between re-
lay contacts (1997) [17]. There have also been attempts to
produce metallic nanowires by electrochemical methods,
including the use of porous molds and nanolithographic
methods [18–22]. Some interesting information about the
formation of Pt nanowires by atomic layer deposition on
highly ordered pyrolytic graphite can be found in the liter-
ature [23]. There has also been research on synthesis of a
3D network of Pt nanowires by atomic layer deposition on
a carbonaceous template [24]. Reviews of the literature in-
dicate that many methods are known for producing metal
nanowires, but none of the publications indicate amethod
for preparing nanowires by usage of carbon nanotubes as
thepreformwith themethodof physical vapourdeposition
as the metal source. Such a method is described in this ar-
ticle.
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Figure 1: Scheme of three-step process for preparing metal nanowires.

2 Materials and methodology
Multi-wall carbon nanotubeswere dispersed in anhydrous
ethyl alcohol using a sonicator. Then, using a pipette, they
were deposited on a BK7 glass substrate and on a polished
silicon substrate. On such prepared substrate, a layer of
platinum was deposited using a PVD coater (sputtering
time - 2 s, current - 50 mA, voltage - 50 V). During the sput-
tering deposition, using thematerial safety data sheets de-
livered by themanufacturer and at the determined voltage
and current, it is possible to control the amount of plat-
inum deposited thereon. This article presents mainly the
results for the parameters for which the best results were
obtained. After sputtering, the prepared materials were
heated at 700◦C for 90minutes. A diagramof the proposed
three-step process for the preparation of metal nanowires
is shown in Figurere 1.

Visualization of the morphology of the surface of the
platinum nanowires was carried out by the use of a Zeiss
Supra 35 scanning electron microscope. The accelerating
voltage was 3-5 kV. In order to obtain images of the sur-
face topography, a detection of secondary electrons by
the detector In Lens was used. The detailed structural
studies were conducted using a Titan 80-300 scanning-
transmission electron microscope S/TEM from the FEI
Company. For this purpose, prepared platinum nanowires
were deposited on the special copper mesh substrate used
in electron microscopy. The whole study was comple-
mented by x-ray crystallography.

3 Results and discussion
One of the important factors a�ecting the synthesis of Pt
nanowires using the presented method is the thickness of
the deposited platinum layer on the carbon nanotubes. In
the sputtering method, it is possible to control the thick-
ness of the deposited layer at determined values of voltage

Figure 2: The e�ect of deposition time on thickness of the deposited
layer by sputtering method.

Figure 3: An example of large platinum agglomerates.

and current by changing only the time of sputtering. This
allows the determination of the so-called process window
(Figure 2).

The platinum kept more or less the shape of the nan-
otubes if the deposition thickness was contained within
the range of 5-20 nm. At a smaller thickness, only small
clusters of platinum on the substrate were observed, and
at higher thicknesses, large platinum agglomerates were
observed (Figure 3). This article focuses on the results for
the parameters for which the best synthesis of the plat-
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a) b)

Figure 4: SEM image of platinum nanowires manufactured on a polished silicon substrate, at a magni�cation of: a) 20 000; b) 100 000.

a) b)

Figure 5: SEM image of platinum nanowires manufactured on a glass substrate, at a magni�cation of: a) 20 000; b) 100 000.

a) b)

Figure 6: SEM image of platinum nanowires manufactured on: a) a polished silicon substrate, at a magni�cation of 200 000; b) a glass
substrate, at a magni�cation of 200 000.
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Figure 7: Carbon content registered by using EDS on carbon nanotubes, covered by platinum and heated at di�erent temperatures.

a) b)

Figure 8: EDS spectrum of platinum nanowires manufactured on: a) a polished silicon substrate; b) a glass substrate.

a) b)

Figure 9: The TEM image of the: a) platinum nanowires; b) single platinum nanowire, formed on a glass substrate.

inum nanowires were obtained. Analysing the surface of
the sample at magni�cations from 20 000 to 100 000, a
mesh of tangled nanowires (Figure 4 and Figure 5) can

be observed. Only at a magni�cation of about 200 000
was it possible to analyse the diameter and length of the
nanowires obtained on the platinum (Figure 6). Using Im-



Synthesis of Pt nanowires with the participation of physical vapour deposition | 163

a) b)

Figure 10: The HRTEM image of the single platinum nanowire formed on a glass substrate (a) and a fragment of this single platinum
nanowire (b).

a) b)

Figure 11: The HAADF image of the platinum nanowires (a) and the SAED pattern (b).

a) b)

Figure 12: The di�raction pattern of platinum nanowires using the constant angle of incidence method (a) and the face centred cubic crystal
structure of platinum (b)
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age J software, it was determined that the diameter of the
metal nanowires produced is between 10 and 30 nm. To
con�rm that the observed nanowires are platinum and
to check that the heat treatment was performed properly
to dispose of the carbon nanotubes, qualitative chemical
composition study using Energy Dispersive Spectrometry
(EDS) was performed. An important factor a�ecting the
synthesis of the Pt nanowires is the temperature during
heating. Reduction of the carbon content with increasing
heating temperature was registered using EDS and shown
in Figure 7, with 100% taken as the intensity of carbon for
nanotubes covered with platinum registered before heat
treatment. Heat treatment at a temperature of up to 400◦C
caused only a slight decrease in intensity of carbon. This
may suggest that only amorphous carbon and functional
groups were degraded, but not the nanotubes themselves.
A signi�cant decrease in carbon content was registered
above 400◦C, indicating decomposition of the actual car-
bon nanotubes.

For samples heated at 700◦C, spectra with the re�ec-
tions typical for platinum (2.127keV) and the others from
the substrate were registered (Figure 8). Not registering
peaks from the carbon con�rmed that the heating process
was carried out successfully. In the spectrum of nanowires
formed on a polished silicon substrate (Figure 8a), there
is a recorded peak coming from oxygen. This may suggest
that some silicon oxide is present on the surface of the sub-
strate, which was con�rmed by big, visible irregularities
(Figure 6a) on the polished silicon.

Detailed results of surface morphology and structural
studieswere performedusing the S/TEM. The recorded im-
ages in TEM documents the occurrence of nanowires (Fig-
ure 9). Additionally, images inHRTEMmode document the
polycrystalline structure of the nanowires (Figure 10). For
research purposes the STEM imagingmode was also used.
The Titan 80-300 microscope is equipped with three coax-
ial detectors dedicated to STEM mode: Bright Field–BF,
Annular Dark-Field–ADF and High-Angle Annular Dark-
Field–HAADF (Figure 11a). Selected area electron di�rac-
tion (SAED) patterns were registered. The SAED pattern
shows a clear appearance of di�raction rings from the Pt,
con�rming the removal of the carbon nanotubes subse-
quent to heating (Figure 11b).

The structural studies were complemented by X-ray
examinations (Figure 12a). The platinum nanowires were
characterized by a constant angle of incidence. To solve
the di�ractogram, JCPDS �les were used, according to
which were assigned the appropriate Miller indices. For
the �rst peak, for which 2θ is 46.69◦, the index is (111), for
the second peak at 54.25◦, the index is (002), for 80.35◦ the
index is (022), for 98.44◦ the index is (113) and for 104.48◦

the index is (222). The crystal structure for the platinum
was identi�ed as face centred cubic (Figure 12b).

4 Conclusions
Review of the literature indicates that there have not been
any reports on a method for preparing nanowires by us-
ing carbon nanotubes as the preform and the method of
physical vapour deposition as the metal source. Our �nd-
ings con�rm that this proposed method can be used to
produce nanowires from noble metals such as platinum.
The results obtained by the authors of this paper provide
a promising perspective for research and indicate that this
is an attractive direction in the search for new solutions to
manufacturing nanomaterials.
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