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ABSTRACT 
We investigated graphene structures grafted with fullerenes. The size of the graphene sheets ranges from 6400 to 
640,000 atoms. The fullerenes (C60 and C240) are placed on top of the graphene sheets, using different impact ve-
locities we could distinguish three types of impact. Furthermore, we investigated the changes of the vibrational 
properties. The modified graphene planes show additional features in the vibronic density of states. 
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1. Introduction 
In nano-technology the influence of the vibrational den-
sity of states is of great importance for the dynamic and 
thermodynamic properties of devices. Since its discovery 
in 2004 [1] graphene has attracted much attention which 
is reflected by a large amount of publications in the last 
years dealing with synthesis, structure and properties [2- 
7]. For a comprehensive review and further reading we 
address reference [8]. Due to the extraordinary properties 
of graphene in different area, e.g. semi-conductivity 
(tunable band-gap) [9], its light absorbance [10] or the 
high values of thermal conductivity [11] its applications 
range from electric devices to construction chemistry. 
From experimental results the interaction between C60- 
fullerene and graphene is known to lead to modifications 
in the vibrational modes [12,13]. In the field of molecular 
dynamics simulation a major limitation is mainly caused 
by the system sizes, the new field of nanotechnology 
offers a promising area for the modelling community to 
study systems which are of the same size as the one un-
der experimental considerations, i.e. nanosystem are the 
interface for both simulations and experiments. Due to 
parallel computing system, sizes of the order of 107 atoms 
are available and comparable to experimental structures. 

One aspect of our simulations is to investigate vibrational  
properties of graphene, additionally we focus on the modi-
fications of the spectra depending on the structural changes 
of the graphene flakes induced by buckminsterfullerenes 
of different sizes. Therefore, we performed molecular 
dynamic simulations in order to calculate the Fourier- 
transform of the velocity-autocorrelation function. The 
fabrication process of the modifactions is performed in 
two strategies, the first method describes the deposition 
of fullerenes on top of the graphene sheet. In this case the 
fullerenes possess different impact velocities before they 
collide with the graphene. Here it is interesting to see the 
reactions of the two structures depending on the strength 
of the impact, i.e. whether the system is intact and the 
molecules form bonds, are deformed or even destroyed in 
the respective situation. For our simulation we use a clas-
sical molecular-dynamics approach which is a state of the 
art method for more than three decades [14-17], but 
which is also recently used for the study of different sur-
face effects [18-21]. Interfaces between crystals and melts 
are also subject of numerical investigations elucidating 
both kinetic behaviour and free energies, [22-25]. Nev-
ertheless, one should have in mind that in nano-systems 
the physics is governed and dominated by quantum ef-
fects which are not considered in this type of simulation.  
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So, electronic contributions are neglected and only atomic/ 
vibronic behaviour is taken into account. Since the sys- 
tem sizes, which we consider exceed 1000 atoms, our 
simulations could not easily be transferred to quantum- 
mechanical calculations, however these would be helpful. 
To our knowledge we present here the first systematic 
study in order to investigate the influence of fullerenes 
on the frequency spectra of graphene. The article is or-
ganized as follows: in the next chapter we give an over-
view over the models and the potential mimicking atomic 
interactions used throughout the simulations, and de-
scribe computational details. The results of structural and 
vibrational properties are presented in the third chapter, 
followed by a discussion. In the final chapter we summa-
rize and give conclusive remarks. 

2. Models, Potential and Computational  
Details 

For our investigations we combine graphene planes of 
different sizes and two types of fullerenes. We built three 
graphene structures with N = 6400, N = 25,600 and N = 
640,000 atoms, the lateral side-lengthes ranging from a = 
100.46 Å to 1004.6 Å and b = 174.00 Å to 1740.0 Å. 
Two types of fullerene structures are used in the simula-
tion, i.e. C60 and C240. The combination of the two basic 
structures to one ensemble is processed in two ways. In a 
first type of procedure the fullerenes (both C60 and C240) 
are placed at a distance of about 2 to 3 Å on top of the 
graphene and are accelerated to have impact velocities of 
upto 3300 m/s. In pre-liminary tests we applied very high 
velocities in order to account for the point of destruction 
and to identify different impact scenarios. In a second 
type of alignment a C240-fullerene is directly attached in a 
distance of 1.0 Å to 1.5 Å to the graphene sheet. The 
atoms are given randomly distributed initial velocities to 
establish a well-defined temperature. The influence of 
the fullerenes on the graphene sectrum is studied using 
five different setups, in the following denoted as Setup 1 
- 5. The first structural combination comprises 6400 at-
oms in a graphene layer with sides of length a = 100.46 
Å, b = 174.00 Å, and on top of the graphene plane a 
C60-fullerene is placed, which hits the graphene plane 
with an impact velocity of about 266.5 m/s. The total 
observation time is 400 ps at 120 K (Setup 1). In order to 
check the influence of the size of the fullerenes a C240- 
fullerene is placed in a distance of 2.7 Å on top of the 
plane and is accelerated towards the graphene layer. Fur-
thermore, different forces are applied on the fullerenes, 
and henceforth different accelerations are acting on the 
fullerenes in order to change the final impact velocities 
onto the graphene sheet. These velocities ranged from 
66.7 m/s upto 667 m/s. These structures are aged for 720 
ps at 120 K (Setup 2). To reduce the long simulation 
times we placed a C240-fullerene within a bond-length on 

top of the graphene plane (6400 atoms) and observed the  
system for 88 ps (Setup 3). A larger system comprising 
25,600 atoms within a graphene plane with a side-length 
a = 200.9 Å and b = 348.0 Å, and a C240-fullerene at-
tached within one Ångstrom to the layer, is aged for 20 
ps at 120 K (Setup 4). The largest systems is constituted 
by a graphene flake of 640,000 atoms with lateral dimen-
sions of a = 1004.6 Å and b = 1740.0 Å and a C240- 
fullerene. As for the smallest graphene system, we used 
different impact velocities to drop the fullerene onto the 
graphene plane (Setup 5). All the above described struc-
tures are based on carbon-configurations. For the simula-
tions of the carbon-structures we used the potential pro-
posed and fitted by D.W. Brenner [26]. This potential is 
originally designed to describe hydrocarbon molecules, 
graphite and diamond structures. In Equation (1) we give 
the functional form of the atomic interactions. The po-
tential consists of two-body (including short-range at-
tractive and repulsive interactions) terms describing the 
bonding energy Eb 

( ) ( )( ) ( ) ( )( )1 .b ij ij ij R ij ij A ij
i j i

E f r c s V r B V r
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Bij describes the averaged bonding situation of atoms i and 
j at a distance rij. The potential form is analogous to a 
Morse-type potential. The parameter cij scales the depth of 
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We applied periodic boundary conditions to reduce 
surface effects caused by the system size. The starting 
volume is conserved within the simulation and we moni-
tored the virial of the configuration to account for internal 
pressure. In order to measure structural changes or to 
show vice versa the stability of the configurations, we 
introduce the distance between the starting reference 
phase and the aged ensembles as quantifiable observable. 
The atomic shifts are measured and are gained from the  

squared displacements ( )22  i
n nnR∆ = −∑ R R  where  
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i
nR  is the position vector of atom n in configuration i of 

the potential energy surface and Rn is the position of atom 
n in the reference system. The total displacement ΔR 
which account for the structural changes is given by ΔR = 
(ΔR2)1/2 and measured in Ångstrom. The temperatures in 
the simulations are determined from the velocities of the 
atoms. In canonical simulations (NVT-ensemble) the ve- 
locities of the atoms are rescaled each 100 time-steps in 
order to keep the temperature constant. To measure the 
frequencies of the atomic motions we investigate the 
velocity-autocorrelation function (VACF). The VACF ex- 
hibits typical fluctuations of the structures which can be 
used to determine the underlying vibrations. In our simu- 
lation we used Equation (3) to determine the VACF: 

( ) ( ) ( ) ( ) ( )1 10 0 0 ,N N
v i i i ii if t t

= =
= ∑ ∑v v v v    (3) 

where vi(0) is the velocity vector of atom i at the reference 
time and vi(t) is the velocity at time t of atom i. Applying 
the Cosine-transform of the velocity—autocorrelation 
function from Equation (4) results in the vibrational den-
sity of states (DOS) and is given by Z(ν): 

( ) ( ) ( ) ( )2

0 0

1 cos 2π exp d ,
obst

vZ t t f t t
Z

ν ν λ= −∫     (4) 

with tobs being the observation time for the velocity- 
autocorrelation function, λ is a damping factor which 
broadens the peaks in the frequency spectrum [27-29] 
and Z0 being a normalization constant. 

3. Results 
In one aspect of our simulations we focus on the stability 
of graphene flakes which are targeted by smaller objects, 
e.g. fullerenes. For the investigations of the stability of 
the graphene we used a layer comprising 6400 atoms 
loaded by a C240-fullerene with impact velocities of upto 
3330 m/s. We can distinguish three different scenarios of 
collisions depending on the velocities with which the 
fullerene impacts the graphene. A first type of collision 
leads to a binding between the two structures, i.e. for 
impact velocities less than 2000 m/s we observe the gra-
phene layer to be indented by the fullerene. However, 
both structures the fullerene and the graphene remain 
stable and bonds are built between the two structures. In 
a second type of impact we use higher velocities for the 
buckminsterfullerene. Applying impact velocities rang-
ing from 2000 m/s upto 2700 m/s the fullerene locally 
destroys the graphene layer. Only few bonds between the 
strongly deformed fullerene and the atoms at the lacer-
ated rim are established, which weakly bind the fullerene 
to the graphene. In the third case of impact scenario we 
applied velocities larger than 2700 m/s. In such a situa-
tion the fullerene penetrates the layer. After a few pico-
seconds the strongly deformed fullerene leaves a hole in 

the otherwise intact graphene structure. The main focus 
in our simulations is laid on the modifications in the vi-
brational spectrum of graphene flakes stressed by fulle-
renes, i.e. we investigate the changes in the vibrational 
density of states of graphene structures of different sizes 
induced by fullerenes. 

3.1. Setup 1: C60-Fullerene Impacting a Small 
Graphene Flake 

Firstly let us consider a C60-fullerene with an impact ve-
locity of 266.5 m/s onto a graphene flake of 6400 atoms. 
After the impact the fullerene causes wavelike displace-
ments in the atomic positions within the graphene similar 
to those waves caused by a stone thrown into the water. In 
course of the simulation these waves are damped, how-
ever their influence on the vibrational density of states can 
be clearly seen. After the application of a C60-fullerene on 
the layer comprising 6400 atoms, we measured the DOS 
of the structure at two times, the result is shown in Figure 
1. The spectra are measured after an observation period of 
72 ps, see Figure 1(a), and the DOS after 400 ps is pre-
sented in Figure 1(b). For comparison the spectrum of 
non-decorated graphene is shown (see the green line in 
Figure 1). In the high-frequent part of the spectra for the  

 

 
Figure 1. The density of states Z(ν) is plotted vs. the fre-
quency ν in THz. Green line: Vibrational DOS of the gra-
phene sheet. Red line: Vibrational density of states of 6400 
atoms grafted with a C60-fullerene. In panel (a) the spectrum 
after an observation time of 72 ps is presented. Panel (b) 
shows the frequency spectrum after an observation time of 
400 ps. 
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modified graphene sheets we observe a small additional 
peak at 54 THz, which is not present in the spectrum of 
“pure” graphene. However, the main peak in the high- 
frequency part of the spectrum is shifted towards slightly 
smaller values, i.e. from 50.4 THz to 49.4 THz, and to 
slightly reduced intensities compared to the plain gra-
phene structure. Moreover, the part of the spectrum with 
frequencies larger than 25 THz is reduced in its intensity 
after the application of the C60-fullerene. 

In case of frequencies less then 25 THz we find an in-
crease of intensities in the DOS which exhibit to be time 
dependent. Another feature of the spectrum which is 
modified by the application of the fullerene is the broad 
peak with shoulder ranging from 15 THz to 24 THz. This 
part of the spectrum is slightly shifted to higher frequen-
cies. After a short time-relaxation of 72 ps, cf. Figure 
1(a), two additional low-frequent peaks are measured at 
8.6 THz and at approximately 0.6 THz. After a total ob-
servation time of 400 ps, see Figure 1(b), the peak at 
lower frequency vanishes, and the peak at 8.6 THz be-
comes more pronounced. 

3.2. Setup 2: C240-Fullerene Impacting a Small 
Graphene Flake 

To investigate whether there is an influence of the size of 
buckminsterfullerenes we substitute the C60-fullerene by 
a C240-fullerene. Here, we followed two routes to com-
bine the C240-fullerene with the graphene flake. Firstly 
we used the above described impact route to link the 
C240-fullerene to the grapheme sheet. Again we focus on 
the changes of the frequency spectrum. As one can see 
from Figure 2, the impact of the C240-fullerene (with an 
impact velocity of 66.7 m/s) on the graphene with 6400 
atoms reduces the intensity of the high-frequency peaks, 
however the position of the peaks are not changed com-
pared to the plain graphene spectrum. In the low-frequent 
region of the DOS an additional peak (not present in the 
plain graphene spectrum) occurs at 8.6 THz. Due to the 
fullerene’s impact the graphene structure exhibits wave- 
like motions which change the density of states. At the 
beginning of the simulation a high intensity is observed 
in the limit of long wave-length. The resulting Z(ν) is 
shown in Figure 2(a) and is obtained after 68 ps A 
low-frequent feature can be clearly seen for frequencies 
less than 2 THz. Similar to the simulation with the 
smaller fullerene this peak is not detected after 720 ps, cf. 
Figure 2(b). In both sub-figures the green lines show the 
DOS of the plain graphene structure with 6400 atoms, 
whereas the red lines display the spectrum of graphene 
linked with fullerene. The above described systems start 
from a not equilibrated point in the phase space. At the 
early stages of the simulation the systems are still in 
non-equilibrium states and therefore, one can observe 

 
Figure 2. The density of states Z(ν) is plotted vs. the fre-
quency ν in THz. Green line: Vibrational DOS of the gra-
phene sheet. Red line: Vibrational density of states of 6400 
atoms grafted with a C240-fullerene. In panel (a) the fre-
quency spectrum after an observation time of 68 ps is pre-
sented. Panel (b) shows the frequency spectrum after an 
observation time of 720 ps. 

 
large fluctuations in all monitored variables during which 
the systems equilibrate to lower energetic states. This can 
also be seen in the total displacement, which shows a 
wave-like behaviour at the beginning of the simulation, 
followed by the typical small fluctuations. The “first 
waves”/peaks in ΔR—in connection with the individual 
trajectories—results from the impact of the fullerene with 
the graphene plane. The atoms in the vicinity of the im-
pact are elongated in z-direction and this disturbation 
spreads through the complete system leading to wave- 
like motions which results in respective fluctuations in 
the displacement ΔR. After the propagation of these 
waves, structural relaxations take place and the temporal 
displacements become randomized. In order to shorten 
the process of equilibration we apply a different method 
of implementing the fullerene on the graphene layer. 

3.3. Setup 3: C240-Fullerene Placed on Top of a 
Small Graphene Flake 

Not only the influence of different types of fullerenes are  
investigated, we also want to study the influence of the 
process to implement a fullerene on a graphene layer 
with 6400 atoms. The C240-fullerene is directly placed on 
top of the graphene flake. The distance between the two 
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carbon structures is choosen to be about 1.5 Å, such that 
atomic bonds are generated at the beginning of the simu-
lation avoiding the impact of the fullerene (which gener-
ates wave-like motions in the graphene-flake). After an 
observation time of 88 ps, we determine the vibrational 
density of states as shown in Figure 3. As in the previous 
graphs, the green line depicts the DOS of the graphene 
flake and the red line shows the spectrum of the graphene 
with a fullerene attached directly to the plane. In the 
high-frequent part of the spectrum we find a very small 
peak at 54 THz. Otherwise the intensities of frequencies 
larger than 25 THz are reduced compared to the refer-
ence spectrum of the graphene sheet. In the low-frequent 
region we find—as in the other simulations—an addi-
tional peak at 8.6 THz. Similar to the results of the simu-
lations including a C60-fullerene the intensities of fre-
quencies less than 25 THz are slightly increased com-
pared to the graphene spectrum, see green line in Figure 
3. A slight shift of the broad feature around 15 THz to 
higher frequencies is also observed in the grafted gra-
phene sheet. The resulting spectrum obtained after an ob- 
servation period of 88 ps resembles the DOS of the gra-
phene-fullerene ensemble generated by an impact after a 
relaxation time of 720 ps (see Figure 2(b)). Especially in 
the low-frequent part of less than 1 THz the intensity is 
strongly reduced compared to the spectrum obtained after 
impact at a relaxation period of 68 ps (see Figure 2(a)). 
This way of combining the two sub-structure reduces the 
computation time by a factor of eight. 

3.4. Setup 4: C240-Fullerene Placed on Top of a 
Medium-Sized Graphene Flake 

To check the influence of the size of the graphene plane 
we attached a C240-fullerene to a graphene layer with 
25,600 atoms. As before, we measure the vibrational 
spectrum by the Fourier-transformation of the VACF. 

The spectra are obtained after different oberservation 
 

 
Figure 3. The density of states Z(ν) is plotted vs. the fre-
quency ν in THz. Green line: Vibrational DOS of the gra-
phene sheet. Red line: Vibrational density of states of 6400 
atoms grafted with a C240-fullerene placed directly on top of 
the layer. The spectrum after an observation time of 88 ps is 
presented. 

periods and are given in Figure 4. The resulting spec-
trum (red line shown in Figure 4(a)) is taken after an 
observation time of 4 ps and compared to the non-modi- 
fied graphene spectrum, (green line). Despite the fact that 
the high-frequent peak has the same position in both struc- 
tures, the intensity of the prominent high-frequent vibra-
tion is strongly reduced, if the fullerene is attached to the 
graphene. In the modified structure an additional peak 
exhibits at 8.6 THz, i.e. at the low-frequent part of the 
DOS, and this peak becomes better expressed in course 
of observation time. The broad feature at intermediate 
frequencies is shifted about one tera-hertz from 15.8 THz 
in the plain graphene spectrum to 16.8 THz in the modi-
fied density of states, as one can see in Figure 4(b). The 
peaks of the low-frequent region are clearly developed 
after an simulation time of only 17 ps. This spectrum of a 
graphene with a C240-fullerene placed directly on top is 
similar to the one gained by a (slightly) impact of C240- 
fullerene. The only difference is in the low-frequency 
part at which one can observe an increase of the intensity 
which is due to larger size of the graphene layer. In lar-
ger structures acoustic modes of lower frequency are 
present and an increase of the low-frequent part of the 
DOS can be explained. 

 

 
Figure 4. The density of states Z(ν) is plotted vs. the fre-
quency ν in THz. Green line: Vibrational DOS of the gra-
phene sheet. Red line: Vibrational density of states of 25600 
atoms grafted with a C240-fullerene. In panel (a) the spec-
trum after an observation time of 4 ps is presented. Panel (b) 
shows the frequency spectrum after an observation time of 
17 ps. 
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3.5. Setup 5: C240-Fullerene Impacting a Large 
Graphene Flake 

In the largest system, which is studied, we connect a 
graphene layer comprising 640,000 atoms and a C240- 
fullerene. The fullerene hits the graphene with an impact 
velocity of 66.7 m/s followed by structural relaxations, 
the temperature of the system is held constant at 120 K. 
After the impact of the fullerene onto the graphene plane 
wave-like motions are evolving and spreading through 
the graphene. The total observation time of this system is 
43 ps. As in the previous simulations we measured the 
velocity-autocorrelation function (see Equation (3)) and 
gained the frequency spectrum via Fourier-transforma- 
tion (cf. Equation (4)). To check whether there exist time 
dependent effects, we calculated the density of states at 
an early stage of the simulation, i.e. after 5 ps, and at the 
end of the total observation period. The resulting spectra 
are shown in Figure 5. The green line shows the vibra-
tional density of states of the graphene sheet with 640,000 
atoms. The red line in Figure 5(a) shows the frequency 
spectrum which we obtained at 5 ps the after impact of 
the fullerene on the graphene. In Figure 5(b) the red line 
gives the DOS of the grafted graphene after an observa-
tion time of 43 ps. In contrast to the previous observa-
tions there is no additional peak at 54 THz in the spec-
trum of the largest modified graphene. However, the in-
tensities of higher-frequent vibrations are reduced in the 
modified graphene structure whereas the lower-frequent 
part has higher intensities. Compared to the plain gra-
phene sheet an additional peak at 8.6 THz is clearly seen 
in the grafted graphene. Also a small shift of the peak at 
15.8 THz in the plain structure to 16.8 THz in the modi-
fied graphene is observed. 

4. Discussion 
The focus of our simulation is mainly laid on vibrational 
properties of carbon systems comprising graphene layers 
and fullerenes molecules. The interpretation of our re-
sults is purely qualitative. For the simulation of an im-
pact of a C240-fullerene onto the plane of a graphene flake, 
we distinguish three qualitatively different types of im-
pacts. The first type leads to a weak bonding situation 
between the fullerene and the graphene layer, i.e. few 
carbon atoms change the initial coordination number from 
3 (planar bonding) to 4 (tetrahedral bonding), which is 
possible since the hybridization of these atoms is changed 
from sp2 to sp3. Such an alignment may be considered in 
analogy to the reaction of two molecules. The impact and 
the subsiding interaction is connected with a relatively 
small impact velocity or better small impetus of the 
fullerene molecule. This type of impact leaves the indi-
vidual structures almost undeformed. On the graphene 
layer smooth wiggles are induced and the buckminster 

 
Figure 5. The density of states Z(ν) is plotted vs. the fre-
quency ν in THz. Green line: Vibrational DOS of the gra-
phene sheet. Red line: Vibrational density of states of 640000 
atoms grafted with a C240-fullerene. In panel (a) the spec-
trum after an observation time of 5 ps is presented. Panel (b) 
shows the frequency spectrum after an observation time of 
43 ps. 

 
fullerene flattens. The second type of impact with an 
intermediate impact velocity results in a trough im-
pressed in the graphene. The stronger the impetus is the 
deeper the trough is which is “filled” by the fullerene. In 
all these cases, the number of sp3-hydridised carbons is 
strongly increased compared to the first type of impact. If 
the impact velocity is larger than 2700 m/s, i.e. the im-
petus of the fullerene is about 1.31 × 10−20 kg m/s and its 
kinetic energy is 1.77 × 10−17 kg m2/s2, resp., the gra-
phene is locally crashed by the fullerene. If we use the 
volume of destroyed part of the graphene layer we can 
estimate the pressure induced in the graphene to be about 
30 GPa. Using two methods of applications, the fullere-
nes, i.e. C60- and C240-fullerene, are attached to graphene 
layers. After a relaxation period the vibrational density of 
states are measured by Fourier-transformation of the ve-
locity-autocorrelation function. The firstly applied method 
in which the fullerenes collide with the graphene flake 
seems to be a rather natural way of simulation setup, 
however it is rather time consumive since the induced  
wavelike motions will be spread through the graphene 
layer and be damped in course of observation time via 
relaxation processes These wavelike motions will influ-
ence the spectra measured shortly after impact. To de-
termine the spectra of the equilibrated structures one has 
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to perform rather long simulations. To shorten the long 
relaxation period we introduced a second type of ex-
periment in which the structures are attached without 
using an impact energy. Therefore, the relaxation period 
is drastically reduced, since the via impact locally intro-
duced heat must not be transported or distributed through-
out the whole ensemble. However, the resulting spectra 
are similar and show comparable/identical features. If we 
look for prominent modifications which occur in our 
simulations we observe a small additional peak at 54 
THz, which neither is seen in the original spectrum of 
graphene nor is present in the largest modified graphene 
structure. A reduction of the peak intensity for frequen-
cies larger than 25 THz is observed in all the cases stud-
ied in our simulations. Connected to this intensity reduc-
tion is an increase of the peak intensities of vibrations 
less than 25 THz. Also a small shift of the frequency 
region located at 15 THz in the graphene spectrum to 
higher values in the modified spectra is observed in our 
simulations. The strongest change in the modified spectra 
turned out to be an additional peak which cannot be seen 
in the spectrum of a “pure” graphene layer. In the low- 
frequent part of the DOS a peak around 8.6 THz becomes 
a prominent feature of the modified spectra whereas in 
the non-modified vibrational states there is no peak at 
this position. Comparison of the two types of fullerenes 
shows that the application of the smaller one, i.e. the C60- 
fullerene, causes not only a reduction of the high-fre- 
quent intensity but also leads to a shift in the peak posi-
tion from 50.4 THz down to 49.4 THz. In contrast to that 
observation the application of a C240-fullerene only re-
duces the intensity of the still prominent high-frequent 
peak and leaves its position unchanged. 

5. Summary 
We have shown that systematic application of fullerenes 
has influence on the density of states of graphene flakes. 
Especially in the low-frequent region the intensities are 
increased and an additional peak at 8.6 THz is generated. 
The early stages of the simulation (due to equilibration 
process) lead to a (very) low-frequent peak. We could 
demonstrate that this peak at very low frequencies van-
ishes in course of time due to equilibration. In order to 
shorten the simulation period and to avoid the initial 
states of non-equilibrium we introduce a second method 
of application. Using this type of application we find in a 
much shorter simulation period the same remarkable shifts 
of peaks or additional low-frequent peaks in the graphene 
flakes. Changes in the vibrational density of states are 
typically connected with changes of thermodynamic prop-
erties, e.g. thermal conductivity or specific heat. There-
fore, possible tailored design of frequency spectra and 
the subsequent dynamic or thermodynamic properties of 
graphene flakes could broaden the usage of this interest-

ing material. 
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