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1. Introduction  
At present, carbon nanostructures, and especially graphene, have their unique place among the 

world-wide actively researched nanostructures. That is why, intensive research taking place in the 

world to develop simple low-temperature methods for the synthesis of graphene and related 
materials [1]. Also, a promising method is the self-assembling method of obtaining nanostructured 

and nanofilms [2, 3]. Obtained in this way films have fractal structure (fractal character) [4]. Due 

to their fractal essence, self-assembled graphene layers have very rich optical absorbance spectra. 
In turn, graphene quantum dots (GQDs) are forming in self-assembled graphene systems, which 

have fractal behavior too [5]. In spite their similar origin, these quantum dots have different sizes 

and geometric shapes, and the dependencies on this have different effects on the absorption spectra 
[6]. Especially in [6] absorption spectra for three typical GQDs of 12, 17, and 22 nm average sizes 

dispersed in DI water and a graphene sheet is presented. Due to the presence of graphene quantum 

dots, the peak position of the absorption spectrum changes and shifts to the side of high energies 
with decreasing of linear size of dot. Also, the studying of absorbance spectra is a good method to 

understand the internal structure of formed films. So, due to the analysis of the absorption spectrum, it 

is possible to detect the presence of the sp2 carbon phase [7]. But in the case of nanofilms (and 
especially graphene), the exciton absorption component begins to play a significant role [8-10]. As 

follows from [8-10] and other articles, in graphene and graphene based quantum dots the peak of the 

absorption spectrum corresponds approximately to the energy of 4.6 eV. On the other hand, there are 
works devoted to the effect of the dielectric confinement on the binding energy of the exciton and on 

the excitonиц component of the absorption spectrum [11]. In this case, the substrate can appreciably 

affect on the optical properties of graphene.  
In this paper a method of obtaining of self-assembled graphene layers is discussed, which is based on 

joining of graphene fractal flakes (clusters and nanocrystals). Atomic force and scanning electron 

microscopes (AFM and SEM) are used to describe the spatial form and surface properties of obtained 
films. To reveal the optical properties of these films and influence of presence quantum dot on those, 

optical absorbance spectrum for various samples is studied.  
 

2. Experiment and measurements  

As already mentioned in the introduction, a method of obtaining self-assembled graphene layers is 

developed by us. In experiment powder of highly oriented pyrolytic graphite (HOPG) is used, as 
source of necessary clusters. The process realised in water environment, in presence acetone as 

mixture, which plays role of carrying plasma. Also, ultrasonic vibrations were used for two purposes. 

First of all, ultrasonic vibrations are used to crush the graphite powder and to obtain nanocrystals with 

suitable linear size. And the second important effect of ultrasonic vibration on the process of film 

formation is that it leads to the grouping of nanocrystals. To the grouping of nanocrystals, als, leads 

the hidrofob character of this nanocrystals (graphene flakes). Another important factor in this process 
is the surface tension forces. 

As it is known, HOPG consists of atomic layers of carbon, in the plane of which act chemical forces 

of type σ, and the forces between these layers are type π. The latter, in comparison with the forces of 
σ, are very weak, so that the above-described graphite layers are easily separated from each other, due 

to the influences of water surfaces forces and ultrasonic acoustic waves. Obtained layers were 

substituted on the surface of silicon, amorphous sapphire, monocrystal salt and plastic substrate. Due 
to their mechanical strength and elasticity obtained films keep their continuity when removed from the 

mailto:n.margaryan@polytechnic.am


28 

 

water and placed on a substrate. Already on the substrate, the film undergoes final machining, which 

is aimed at cleaning the graphene layers from other carbon-bearing structures. 
On Fig. 1 a) and b) images of obtained layers on water surface and on silicon substrate correspondly 

are presented. In the first case (Fig. 1 a)) formed layers are visible by reflecting light from the water 

surface. And in the second case (Fig. 2 b)) we have the image of formed film, which is done by USB 
microscope. In this case too, the image of graphene is visible only due to the light reflecting, because 

angles of reflectance for graphene and silicon surfaces are different. The black dots in Fig. 1 are 

remains of graphite powder, which cling to the film, when the latter is removed from the water. 
Mentioned remains are removed during the final machining. In addition to real images, to study the 

surface properties, also important thе AFM and SEM images of these films, which allow you to 

conduct research on the nano level. Using AFM microscopy it is also possible to study surface 
potential of obtained film and potential transition between it and substrate. Such studies are done using 

the Kelvin probe method, when the AFM works in a semi contact mode. The essence of this method is 

to measure the work function-the minimum thermodynamic work (i.e. energy) needed to remove an 

electron from a solid to a point in the vacuum immediately outside the solid surface. Here 

"immediately" means that the final electron position is far from the surface on the atomic scale, but 

still too close to the solid to be influenced by ambient electric fields in the vacuum. The work function 
is not a characteristic of a bulk material, but rather a property of the surface of the material (depending 

on crystal face and contamination). 

 

           
a)                                                           b) 

Fig.1. Graphene on water surface (a) and on Si/SiO2 substrate (b). 
 

The AFM image of the obtained self-assembled carbon layer (Fig. 2) shows , that formed film 

surface is smooth and have waviness less than 0,5 nm.  To ensure that graphene is obtained with a 

large surface area and that on the well-polished (14 sample) surface of silicon is formed a very thin 

layer of carbon; a scanning electron microscope (Fig. 4) is used.  
On the other hand, silicon substrate is a not very suitable substrate for our carbon films; when one 

measure the optical absorption spectra. For this purpose, we used in our experiment substrates made 
of single-crystal feed salt (NaCl) and amorphous sapphire (from sapphire glass), which do not absorb 

the light of the measuring range (from 200 nm to 1100 nm).   

The optical absorption of graphene, mainly, is due to the π -π* interband transition corresponding to 
the point M of the wave vector. Mentioned excitonic transition and graphene band diagram 

corresponding to its hexagonal structure Briolluoin zone   are shown on Fig. 4 a.  And on Fig. 4 b 

absorption spectrum of graphene substrated corresponds on NaCl (уппер curve) and amorphous 
sapphire substrates (lower curve).  As we can notice, characteristic peak of absorption for amorphous 

sapphire case is shifted to the side of short waves (high energy) (blue shift effect), which is result of 
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dielectric confinement effect, because dielectric constant of graphene exceeds the value of dielectric 

constant of amorphous sapphire (sapphire glass). 

 
             Fig. 2. AFM image of grapheme.                      Fig. 3. SEM image of grapheme.    
 

In addition to graphene with an integral surface, graphene quantum dots with different linear size are 

also obtained. They can be connected to each other and form a layer with a fractal edge. And since in 
the case of graphene quantum dots, we are dealing with a decrease in dimensionality (the number of 

space constraints increases by one), the absorption spectra will again care changes, that is “blue shift” 

effect will take place (Fig. 5a). Of course, the linear measure of the quantum dot will have an 
important influence on the absorption spectra. Of course, the linear measure of the quantum dot will 

have an important influence on the absorption spectrum, because, due to the dimensional quantization 

of the energy spectrum, the excitonic absorption spectrum will change. And in case, when we have set 
of quantum dots with substantially different sizes, the absorption spectrum will be a combination of 

the absorption spectra of these quantum dots (Fig. 5 b). 

 
                              a                                                                     b 

Fig. 4. Band diagram of graphene (a) and optical absorption spectrum (b). 
 

3. Conclusion   

The method of obtaining graphene layers by self- assembling is a promising method, since they are 
released at low temperatures and are not expensive. If the appropriate technological conditions are 

met, this method can produce graphene with a large surface area. Usually, such films have a fractal 

character, which is expressed in its surface and optical properties. On the other hand, the optical 
properties of the fractal graphene layers are also influenced by the graphene based quantum dots. 

The analysis of the absorption spectra of the films discussed in this paper indicates the excitonic 
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type of absorption typical for graphene and graphene based quantum dots. The effect of the 

dielectric confinement on the absorption spectrum is noticeable when the substrate material 
changes. 

 
        a                     b 

Fig.5. The “blue shift” effect (a) and optical absorption spectrum (b). 
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