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Electronic spectroscopy of graphene obtained by ultrasonic dispersion
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A technology for obtaining graphene by means of ultrasonic dispersion of thermally expanded graphite in the

presence of a surface-active polymer Nafion is presented. The technology makes it possible to obtain large amounts

of low-layer (1−3 layers) graphene in a relatively short time. An approach to control the dispersion process based

on UV spectroscopy of dispersions is described. A mechanism is proposed for the effect of a surface-active polymer

on the production of low-layer graphene by ultrasonic dispersion.
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In recent time, graphene has been increasingly used in

various branches of technology due to such its properties

as a unique (almost two-dimensional) structure [1], high

electrical and thermal conductivities [2,3], high current

carrier mobility [4], etc. There are publications devoted

to employing its composites as materials for corrosion

protection. Papers describe application of composites based

on graphene and polymer Nafion [5], as well as of those

based on graphene, boron nitride, and polyaniline [6]. In

addition, graphene finds application as a catalyst carrier in

electrochemical energy−conversion systems [7,8]. The role

of graphene in improving thermal stability of the Nafion-

type polymers is demonstrated [9].
As known, graphene is fabricated by chemically and

mechanically induced cleavage of graphite layers. For

instance, in work [10] there were studied graphene oxide

(GO) obtained by the Hummers method and graphene

reduced from the oxide. The paper reports that the obtained

graphene contains several layers and exhibits in the Raman

spectra an intense D line indicating the presence of defects

that might be induced by the ultrasonic treatment. It is

noticed that this fact may affect the graphene quality, which

is one of the drawbacks of the procedure based on solutions.

The authors note that further improvement of quality may be

achieved by varying the solvent in the process of reduction.

The methodological and controlling aspects of the

graphene production processes are important for obtaining

and identification of materials with preset characteristics.

Since the graphene materials (GO, various-layer graphene,

graphene with different surface functional groups) possess

characteristic electronic transitions, electron spectroscopy is

a powerful tool for investigating these materials. Graphene

is characterized by two peaks in the UV spectrum range:

near 230 and 310 nm; these peaks correspond to transi-

tions π−π∗ and n−π∗, respectively [10–13]. The π−π∗

absorption band is caused by conjugated bonds in the

graphite hexagonal rings, while nonbonding electrons of

functional groups of atoms (e. g. oxygen-containing ones)

are responsible for the n−π∗ absorption band. The

peak positions on the wavelength axis depend on the

factors affecting the electron energy states, namely, on the

composition and number of functional groups and number

of graphene layers, as well as, possibly, on the compounds

adsorbed on the surface.

For instance, paper [10] has noticed that absorption spec-

tra of the GO aqueous dispersion exhibit in the UV-visible

range a peak at 235 nm which corresponds to the π−π∗

transition of s p2 C=C bonds. This peak shifts towards

a higher wavelength (265 nm) after the GO reduction to

graphene. This effect is explained by an increase in the π-

conjugation [11]. As the π-conjugation increases, the energy

necessary for the transition decreases, which complies with

the observed absorption shift towards higher wavelengths.

Paper [12] shows that dispersions containing lowlayer (1−3

layers) GO can be distinguished from dispersions containing

multilayer (4−10 layers) GO and GO with a higher number

of layers (> 10) by the intense 230-nm peak in their UV-

visible spectra. GO with 1−3 layers possesses a single

peak, while GO with 4−10 layers has a weak shoulder-like

peak. When the number of layers increases, the intensity

of the multilayer GO shoulder tends to reduction. Neither

the peak nor shoulder is observed for GO with a higher

(> 10) number of layers. This observation made it possible

to perform qualitative analysis of the GO dispersion. The

results of X−ray photoelectron spectroscopy showed that

variations in the intensity of the UV−visible light absorption

in GO are caused by the conjugate effect associated with an

increase in the number of chromofores (C−O, O=C, etc.)
that affect the plasmon peak π−π∗ .

In this work, we have studied a method for obtaining

multilayer graphene by ultrasonic dispersion of thermally

expanded graphite (TEG) in the presence of surfaceactive

substances. As the initial material for dispersion, thermally

expanded graphite was used [14]. The dispersion was per-

formed in the isopropanol−water medium (with the volume

ratio of 1:1) supplemented with perfluorinated sulfopolymer
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Nafion (we used a commercial product, namely, a solution

containing 20% of the polymer in the isopropanol−water

mixture, Ion Power, Inc., DuPont DE2020).
Since the Nafion molecule contains hydrophobic (carbon

skeleton · · · − CF2−CF2−) and hydrophilic (sulfogroups
−SO3H) groups of atoms, the polymer possesses surface-

active properties and, assumably, can be adsorbed on

the surfaces of graphene layers (sheets). The polymer

is expected to promote cleavage of graphite layers due

to redistribution of density of π-electrons bounding them

between formation of bonds with the polymer and spatial

impact.

To prepare the initial mixture, the following precisely

weighed portions of components were used: 1mg of

TEG, 14mg 2% of the Nafion solution; 4ml of the

isopropanol+water (1:1) mixture were added. The mixture

was exposed to ultrasonic treatment in the Branson 3510

UV bath at the power of ∼ 180W for ∼ 180min. After

that, we took 2 droplets (0.04ml) of the obtained suspen-

sion, added to them 4ml of the isopropanol+water (1:1)
mixture, and performed ultrasonic dispersion for different

times.

In the process of dispersion, absorption spectra were

recorded using a spectrophotometer Specord 210 with the

rate of 1 nm/s and resolution of 1 nm. The spectra were

measured in a quartz cell with the absorbing layer 1 cm

long; as the reference solution, the isopropanol+water (1:1)
mixture was used.

Studying the samples by Raman spectroscopy (RS)
was performed at room temperature in the backscattering

geometry using a multifunctional optical setup LabRAM

HREvo UV-VIS-NIR-Open (HORIBA, France) equipped

with a confocal optical microscope. As the laser radiation

source, a 532nm laser Torus Nd:YAG (Laser Quantum, Inc.,

Great Britain) was used. The radiation power at the sample

was 400 µW in the spot 1 µm in diameter.

Fig. 1 presents the TEG−dispersion absorption spectra

recorded after dispersion for different times. The presented

spectra enable making a number of conclusions. At the

beginning of the dispersion (180min), the spectrum exhibits

in the shortwavelength range a shoulder with a very weakly

pronounced maximum at 254 nm and a higherwavelength

shoulder with a weakly pronounced maximum at ∼ 312 nm.

As the dispersion duration increases to 215min, two well

pronounced peaks corresponding to the π−π∗ (233 nm)
and n−π∗ (312 nm) transitions appear in the spectrum.

Further increase in the dispersion time to 245min results in

that the shortwavelength peak becomes more pronounced

and shifts a little more to the shortwavelength range

(228 nm). At the same time, the peak responsible

for electron transition n−π∗ remains at the same place

(∼ 312 nm). Finally, after 305min of dispersion both

peaks do not change their positions, the only effect is

that the shortwavelength (228 nm) peak becomes much

more pronounced. Thus, analysis of the spectra dynamics

evidences that TEG dispersion proceeds with formation

of graphenes with different numbers of layers. The fact

l, nm

400200 300

A
b
s
o
r
b
a
n
c
e
, 
a
. 
u
.

305 min

245 min

215 min

180 min

254 nm 312 nm

233 nm → 228 nm

Figure 1. UV spectra of the TEG−Nafion dispersion in the

isopropanol+water (1:1) mixture measured in the process of

dispersion.
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Figure 2. A Raman spectrum of a layer of the obtained graphene.

that the shortwavelength peaks become more pronounced

evidences for a decrease in the number of layers during the

dispersion down to 1−3 at the end of the process. To our

mind, the shift of the shortwavelength peak position and

relevant increase in the energy of electron transition π−π∗

(calculated via the known Planckś formula) from 4.88 eV

at 180min of dispersion to 5.32 and 5.44 eV at 215 and

245min, respectively, demonstrate a decrease in the system

energy (stabilization at a lower energy level) due to the

polymer adsorption on the graphene surface. Notice that

the electron transition energy dependence on the dispersion

time reaches saturation and stops changing after 245min of

dispersion.

Fig. 2 demonstrates a Raman spectrum of the dispersed

material film obtained by sputtering the dispersion on a

silicon wafer with an aerograph.

The Raman spectrum exhibits three most significant clear

lines: D, G and 2D, and also line D′ . The presence of

intense line D, as well as of line D′, in the Raman spectrum
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indicates a sufficiently high extent of the material defec-

tiveness, which is characteristic of the fabrication technique

used in this work. Data on the ratio between integral

intensities of lines D and G (AD/AG = 2.1) and full width at

half maximum of the G line (FWHM(G) = 40 cm−1) allows
estimating the concentrations of onedimensional (crystallite
boundaries) and 0dimensional (point) defects in graphene.

Studies are available in which Raman spectra are used to

estimate the typical size of crystallites and distance between

twodimensional defects. In the framework of this approach,

data of [15] shows that the mean size of crystallites in the

sample is about 20 nm, while the mean distance between

point defects is about 5 nm. Line 2D is well fittable

to a single Lorenz function (the Fig. 2 inset), which is

characteristic of graphene [16]. At the same time, the

presence of defects in its crystal lattice makes line 2D
rather broad (FWHM ∼ 90 cm−1), which is characteristic

of graphene about 2−3 monolayers thick. This agrees with

the UV spectroscopy data given above.

The obtained results are of great interest for a wide range

of applications in various fields. Our studies have provided

data concerning a relatively simple and efficient technique

for graphene fabrication and also an express−method for

controlling its structure based on analyzing the UV spectra.

A mechanism for dispersion using a surfaceactive polymer

is proposed.
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