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Abstract
This paper proposes the method of producing graphene sheets and carbon nanotubes with reactive magnetron sputtering in vapour by sublimation aromatic hydrocarbons (naphthalene) with a
structure of the benzene rings in a more natural formation of graphene structures. The carbon
grid of molecular structure of aromatic hydrocarbons coincides with the graphene of carbon grid.
The article shows the method of obtaining carbon nanostructures. The graphene of peaks was observed with the vibrational mode (2D-zone) at a frequency of ~2728 sm−1 using the method of
Raman spectroscopy. Results from studies using atomic force microscopy confirm the formation of
graphene sheets and the carbon nanotubes.
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1. Introduction
Graphene has some interesting properties that allow us to consider it as a promising material for nanoelectronics,
optoelectronics and other applications [1] [2]. The magnetron sputtering of carbon film plays an important role in
the nanotechnology for producing new thin film materials, including nanotubes. It is based on the chemical
processes to decompose gaseous compounds in the impact of plasma ions. The film is formed at low temperatures
using parameters of the glow discharge (the vapor pressure, the discharge current and voltage). It allows us to
change the condensation conditions, the composition, the packing density of the atoms, and the physical properties
of the films in a broad range [3].
Nowadays, a topical problem in the modern microelectronics is preparing the graphene films of large sizes of
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and other nanostructures, and their sedimentation on the surface. A wide range of methods production allows us to
obtain nanostructure such as thin films, nanotubes, graphene, anions, fullerenes. Among them the plasma
technology is a simple and economical method. This technology plays an important role in obtaining the required
products for use in the science and technology. This paper examines the significance of plasma technology in the
process of producing thin carbon films. The plasma nanotechnology creates the graphite films, nanotubes, and
other nanostructures based on them, which is an essential part of magnetron of the technology [4]. Carbon films
are successfully used as anti-reflection coatings and in nanoelectronics and optical devices. This is due to their
different properties, such as dielectric properties, thermal conductivity, high mechanical strength and etc.
Nanocarbon structures are obtained through magnetron sputtering, which is one of the methods of producing
nanocarbon structures in the form of carbon nanotubes. In our view, this method is very interesting. This method is
disclosed by the authors in patent and paper [5] [6]. We have chosen this method as a basis for a further
ransformation to obtain graphene structures, not only by the selection of substrates, but also in the respective terms
of the magnetron discharge.
In this paper, a new technique of obtaining graphene structures for producing the carbon films is considered,
which are formed on the simplest, reactive magnetron sputtering of graphite in an atmosphere of sublime vapor
of aromatic hydrocarbons [7].

2. Experimental Part
The method of magnetron sputtering is a well-known traditional methods for producing thin film carbon structures. The first step in this process is to introduce the reactive gas, such as methane, through the inlet valve to the
gas from a gas cylinder in the working chamber of the vacuum unit, where the introduced gas is mixed with the
basic argon gas, to create a favorable environment for the synthesis of carbon film structures. The second step is
to state the observed pressure in the working chamber.
The pressure was 5 × 10−3 Torr in the presence of aromatic hydrocarbons in the chamber, the pressure in the
chamber installed 6 × 10−2. Torr after the launch of the argon, the sputtering material was produced at a current
of 150 mA and a voltage of 200 - 300 V (Figure 1, Figure 2). The following three substrates were used: aluminum, glass and stainless steel X18H10T. The substrates were attached to the duralumin table, at a distance of 3 5 cm above the target. Sputtering was carried out from 20 minutes to 1 hour (Figures 1-3).
The advantage of the new method of is producing graphene structures, nanowires and nanotubes are the using
of aromatic hydrocarbons such as naphthalene, phenanthrene, and others with a close affinity to graphene structures.
In this method is utilizes the ability of the vapor aromatic hydrocarbons which to sublimate an ambient temperatures and reacts as reactive magnetron sputtering gas.

1—graphite target, 2—damper, 3—a sample holder (substrate) 4—duralumin smal chair 5—
the working vacuum chamber,, 6—leak valve, 7—and argon balloon, 8—cylinder gases (for
conventional methods of methane gas) 9—diffusion pump, 10—high-voltage power supply,
11—backing pump, 12—case for the sublime substances, 13—capacity for liquid aromatics.

Figure 1. Scheme magnetron reactive sputtering in an atmosphere of aromatic
hydrocarbons.
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Figure 2. Magnetron discharge in the atmosphere of aromatic hydrocarbons.

(a)

(b)

Figure 3. An area of the sputtered film on different substrates approximately 6
× 7 cm. (a) Glasse; (b) Stainless steel X18H10T.

The cathode is a graphite disk which is separated from the cooling water chamber with aluminum foil to prevent leakage of cooling water through the pores of the graphite cathode.
The peculiarity in this method of obtaining graphene structures is that the aromatic hydrocarbon, e.g. naphthalene, is placed directly within the vacuum work. Naphthalene (С10Н8) is an aromatic compound with a flat
carbon skeleton in which all 10 carbon atoms are in sp2-hybridized with the valence angles 120˚, pairing covers
2 cycles, the number of electrons involved in conjugation is 10 (4⋅2 + 2 = 10π-electrons associated 5π-bonds)
(Figure 4).
The structure of the aromatic hydrocarbon comprises benzene rings surrounded by hydrogen atoms, (which in
reactive magnetron discharge are released and carried away by a vacuum pumping system,) and the skeletons of
these molecular structures similar to graphene cells.
Depending on the nature of the substrates on which during the sputtering are formed the nanocarbon produces
various structures such as the structure of graphene and carbon nanotubes. Analogues of this method are obtaining nanostructured carbon materials hasn’t been detected [7].
Traditionally, the morphology and structural properties of carbon films, including graphene structure and carbon nanotubes were assessed by measuring Raman spectroscopy and atomic force microscopy. Microscopic
studies were performed on a scanning atomic force microscope (AFM) MT-MDT Integra Prima. The Raman
spectra were measured using a MT-MDT Integra Spectra at room temperature. Spectra were excited by a
semiconductor laser (λ = 473 nm).

3. Results and Discussion
In a detailed study, probe atomic force microscopy (AFM) was scanned. This part of the image showed that the
glass surface modified stainless steel with a thin layer of carbon. For these values of the thickness the carbon
layer is not continuous, but it consists of clusters and nanotubes, graphene structure with dimensions about hundreds of nanometers. The length of graphene ribbons is over 5 microns in Figure 5(a), Figure 5(b). Carbon na-
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Figure 4. The structure of naphthalene.

(a)

(b)

Figure 5. Images of graphene ribbons using atomic force microscopy on a stainless steel. (a)
Two-dimensional image of graphene ribbons; (b) Three-dimensional image of graphene ribbons.

notubes are clearly visible with a length of about 100 nm to 80 nm diameters and above. The glass substrate has
a tube packing density less than that of stainless steel Figure 6(a), Figure 6(b).
Micrographic images of the surface of the carbon films show that their structure is of tightly focused nanotubes vertically to the substrate surface. More favorable conditions for the formation of graphene and nanotubes
on the substrate take place in stainless steel due to the presence of iron. Iron in this case is the catalyst for the
formation of graphene sheets and other carbon nanostructures. The surface profile of the plate film is vertical
(forest) a carbon nanotube perpendicular to the substrate surface. The section profile shows that the number of
nanotubes in the range of 0 to 5 microns is 18 - 20 etc.
Raman spectroscopy is an effective of method to determine the presence of graphene structures. It is known
that the shape and intensity of peaks is unambiguously determined by the number of layers in the sample [8][15]. This method gives a lot of information about the vibrational properties and structure of short-range order of
carbon materials, which are a useful source of information on the investigated materials [16].
Table 1 shows the parameter of the Raman spectra of graphene samples obtained by magnetron reactive
sputtering in an atmosphere of graphite aromatic hydrocarbons. Figure 7 and Figure 8 shows the Raman spectrum
for stainless steel X18H10TH1.
Seen from Figure 7 that the spectrum observed G band at area 1350 and 1593 sm−1, which are conditioned
carbon nanotubes. D band in area 2500 - 2900 sm−1 is conditioned graphene ribbons. The carbon films were
measured on a substrate of glass and aluminum using the Raman spectra. Analysis of the spectra of carbon films
shows that the number of graphene structures studied depends essentially on the nature of the substrate.
The results showed that the on glass and aluminum have low intensity, and the intensity spectrum of stainless
steel has a significantly greater value. This is due to the fact that the composition of stainless steel has iron, which
plays an important catalysing role to catalyst the formation of graphene structures. Absence of a catalyst on
substrates of glass, aluminum and weakens the intensity of the graphene spectrum.
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Table 1. Parameters of the Raman spectra of carbon films obtained by magnetron discharge with naphthalene.
D-line
No.

Substrate

1

G-line

2D-line
I2D/IG

ω, sm−1

FWHM, sm−1

ω, sm−1

FWHM, sm−1

ω, sm−1

FWHM, sm−1

Glass

1341

80

1580

32

2797

250

-

2

Aluminum plate

1332

76

1579

28

2795

279

0.57

3

Stainless steel X18H10T

1363

13

1579

15

2728

50

0.68

(a)

(b)

Figure 6. AFM images of the surface of the carbon films. (a) On a glass substrate; (b) On a
stainless steel.

Figure 7. The Raman spectrum of the carbon film on the stainless steel substrate.

4. Conclusion
One of the most significant findings to emerge from this study is that the graphene sheets and nanotubes first
were produced using reactive magnetron sputtering in the vapor of aromatic hydrocarbons including naphthalene.
The results of studies using atomic force microscopy confirm the formation of graphene and carbon nanotubes
obtained by this method. The investigation of Raman spectroscopy has shown that the peaks of graphene is observed with the vibrational mode (2D-zone) at a frequency of ~2728 sm−1 on a substrate of stainless steel using
Raman spectroscopy. The most obvious finding in this study is that the aromatic hydrocarbons, which are used
to produce graphene and nanocarbon structures, give impetus to their more efficient obtaining.
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Figure 8. Raman spectrum of the carbon film on a substrate aluminum.
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