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ABSTRACT

We investigate the effects of fullerene functionalization on the thermal transport properties of graphene monolayers via atomistic simulations.
Our systematic molecular dynamics simulations reveal that the thermal conductivity of pristine graphene can be lowered by more than an
order of magnitude at room temperature (and as much as by �93% as compared to the thermal conductivity of pristine graphene) via the
introduction of covalently bonded fullerenes on the surface of the graphene sheets. We demonstrate large tunability in the thermal conductivity
by the inclusion of covalently bonded fullerene molecules at different periodic inclusions, and we attribute the large reduction in thermal con-
ductivities to a combination of resonant phonon localization effects, leading to band anticrossings and vibrational scattering at the sp3 bonded
carbon atoms. The torsional force exerted by the fullerene molecules on the graphene sheets and the number of covalent bonds formed
between the two carbon allotropes is shown to significantly affect the heat flow across the hybrid structures, while the size of the fullerene mole-
cules is shown to have a negligible effect on their thermal properties. Moreover, we show that even for a large surface coverage, the mechanical
properties of these novel materials are uncompromised. Taken together, our work reveals a unique way to manipulate vibrational thermal trans-
port without the introduction of lattice defects, which could potentially lead to high thermoelectric efficiencies in these materials.

Published under license by AIP Publishing. https://doi.org/10.1063/1.5094061

I. INTRODUCTION

Graphene is a two-dimensional material of superlatives that is
made from the hexagonal arrangement of sp2 bonded carbon
atoms.1 Owing to its exceptional electrical performance featured
by the high carrier mobilities,2 high optical transparency of
�97.7%,3 excellent in-plane thermal conductivity of � 2000�
5000Wm�1 K�1,4–8 and ultrahigh Young’s modulus of �1 TPa,9

graphene has been linked with a cornucopia of potential applica-
tions in devices such as supercapacitors,10 organic solar cells,11,12

efficient chemical sensors,13,14 field-effect transistors,15 and high-
frequency nanoresonators.16 Unfortunately, the unique properties
of single graphene sheets are hard to be realized as graphene

commonly forms graphite crystals where the individual sheets
are linked by weak van der Waals interactions.17 However, the
exfoliation of graphene sheets have been possible through surface
functionalization with polymers,18 inorganic materials such as
ZnO,19 aromatic molecules,20 and covalently bonded fullerene
molecules,21–24 which inevitably change the physical, chemical,
and mechanical properties of graphene.25–30 Therefore, along
with the understanding of the physical properties of graphene,
the comprehensive knowledge of the effect of chemical function-
alization on these properties is imperative to fully realize the
potential and the impact that these novel materials can have on
the current technology.
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Among the various functional groups, fullerene-graphene
hybrids have been envisioned to significantly enhance the perfor-
mance of polymer solar cells24 and create a new class of photovol-
taic cells.31 Moreover, the all-carbon solar cells should have higher
environmental stability due to their mechanical and chemical
robustness.23 Considering these realizable applications, it is instruc-
tive to systematically study the influence of fullerene functionaliza-
tion on the thermal properties of graphene sheets.

In the context of understanding their thermal properties,
various experimental and computational efforts have sought to
understand the modification of heat flow across graphene nanorib-
bons achieved through strain engineering,32,33 inclusion of grain
boundaries,34,35 vacancies and defects,36,37 isotopic impurities,38

foldings,39 and edge roughness.40,41 Kim et al.26,27 and Chien
et al.25 used computational approaches to show that the thermal
conductivity of graphene nanoribbons can be drastically reduced
via the chemisorption of hydrocarbons on the surface of the nano-
ribbons. Pettes et al.42 experimentally investigated the role of poly-
meric residues on the thermal transport properties of suspended
bilayer graphene and showed a large decrease in thermal conduc-
tance due to the scattering of heat carrying phonons in graphene
by the residual polymer layer. However, to our knowledge, studies
focusing on the effect of fullerene functionalization on the thermal
transport and mechanical properties of graphene nanoribbons have
been nonexistent in prior literature, and a systematic investigation
into these topics will provide a benchmark for the comprehensive
understanding of the physical properties of fullerene-graphene
hybrid materials.

Therefore, in this work, we study the influence of covalently
bonded fullerene molecules on the surface of graphene sheets on
their thermal transport and mechanical properties through a series
of molecular dynamics (MD) and lattice dynamics (LD) calcula-
tions. The thermal conductivities of the fullerene functionalized
graphene sheets at different periodicities and surface coverages are
predicted via equilibrium molecular dynamics (EMD) simulations
for a range of temperature. Our atomistic simulations reveal that
the thermal conductivity of pristine graphene can be lowered by
more than an order of magnitude at room temperature via the
introduction of covalently bonded fullerenes on the surface of the

graphene sheets. This large tunability in the thermal conductivity is
attributed to a combination of resonant phonon localization effects
leading to band anticrossings and vibrational scattering at the sp3

bonded carbon atoms. The torsional force exerted by the fullerene
molecules on the graphene sheets and the number of covalent
bonds formed between the two carbon allotropes are shown to sig-
nificantly affect the heat flow across the hybrid structures, whereas
the size of the defects (or the number of carbon atoms in the fuller-
enes) has a negligible influence on their thermal properties.
Furthermore, we show that even for a large surface coverage, the
mechanical properties of these novel materials are uncompromised
due to the covalent functionalization of graphene nanoribbons with
fullerene molecules.

II. METHODS

Fullerene molecules are covalently bonded onto the surface of
the graphene sheets with side lengths L through periodic inclu-
sions, P, to form the decorated graphene-fullerene sheets as shown
in Fig. 1(a). Along with varying the period of fullerene inclusion,
we also study the effect of 2-sided fullerene functionalization [as
shown in the schematics in Figs. 1(b) and 1(c) for the side and top
views, respectively] to assess the role of surface coverage on the
thermal properties of our decorated graphene sheets. All MD simu-
lations are performed with the LAMMPS code,43 and the interac-
tions between the carbon atoms are described by the adaptive
intermolecular reactive empirical bond order (AIREBO) potential.44

We apply periodic boundary conditions in the x- and y-directions,
and we set the cross-sectional area for our computational domains
to be � 324 nm2. The hexagonal faces of the fullerenes are attached
to the hexagonal rings in the graphene sheets via [6+6] cycloaddi-
tion, which forms six C–C covalent bonds. First-principle calcula-
tions have shown that this procedure forms stable carbon-based
structures.45 Along with the decorated graphene sheets with six
C–C covalent bonds, we also study structures formed by the [2+2]
cycloaddition (with two C–C covalent bonds, which have also been
shown to form stable structures) to access the role of covalent
bonds on their thermal properties.

FIG. 1. (a) A three-dimensional sche-
matic of the computational domain for
a 1-sided graphene functionalized with
fullerene system with a period, P. (b)
Side view and (c) top view schematics
of the computational domain for a
2-sided, 1.6 nm period graphene func-
tionalized with fullerene.
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The computational domains are equilibrated under the Nose–
Hoover thermostat and barostat,46 which is the isothermal–isobaric
ensemble with the number of particles, pressure, and temperature
of the system held constant for a total of 2 ns at ambient pressure.
Following isothermal-isobaric ensemble, we prescribe a canonical
ensemble with the number of particles (N), volume (V), and tem-
perature (T) held constant for another 1 ns to fully equilibrate the
structures. After equilibration, the thermal conductivities of our
graphene and decorated graphene sheets are predicted via the
Green–Kubo (GK) approach under the EMD framework. Care
must be taken to ensure that the thermal conductivities predicted
from our simulations are not influenced by size effects; therefore, L
for our simulations is chosen to produce converged values of
thermal conductivities for all structures.

In the GK formalism, the thermal conductivities of our pris-
tine graphene and the decorated graphene sheets along the x- and
y-directions are calculated as

κx,y ¼ 1
kBVT2

ð1
0
hSx,y(t)Sx,y(0)idt: (1)

Here, t is the time, T and V are the temperature and volume of the
systems, respectively, and hSx,y(t)Sx,y(0)i is the component of the
heat current autocorrelation function (HCACF) in the x- or
y-directions. Depending on the thermal conductivity of the compu-
tational domain, the total correlation time period for the integra-
tion of the HCACF ranges from 30 ps to 200 ps, which ensures that
the HCACF decays to zero as shown in the inset of Fig. 2(a) for a
1-sided functionalized graphene with 2.5 nm period; the HCACF
for pristine graphene is computed for a total of 200 ps as shown in
Fig. 2(b); however, the inclusion of fullerenes leads to a faster decay
in the HCACF and a shorter correlation time is required to calcu-
late a converged thermal conductivity. The heat current is com-
puted every 10 time steps during the data collection period, after
which, integration is carried out to calculate the thermal conductiv-
ities. The converged thermal conductivity for the 1-sided function-
alized graphene with 2.5 nm period length is determined by
averaging from 5 ps to 30 ps as shown in Fig. 2(a). For all of our
thermal conductivity calculations, we specify the thickness of the
graphene layers as 3.4 Å, which is the van der Waals thickness.
Along with the choice of the potential and the size of the computa-
tional domain, this definition of graphene layer thickness can dras-
tically alter the quantitative thermal conductivities reported in the
literature.47,48 However, we note that our calculations for pristine
graphene sheets are in good agreement with MD-predicted thermal
conductivity of graphene described by a similar interatomic poten-
tial.47 We also note that since the main goal of this work is to
establish a comparative investigation into the effect of fullerene
functionalization on the thermal transport properties graphene sheets,
we do not try to consolidate and explain the differences between the
prior literature on the quantitative thermal conductivity predictions of
graphene using MD simulations.

The GK approach has been extensively used to predict the
lattice thermal conductivity of various types of crystalline as well as
amorphous material systems.49–57 However, there has been consid-
erable ambiguity in efficiently calculating the thermal conductivity
via Eq. (1) due to uncertainties associated with finite simulation

times and domain sizes.50,52,55,58–62 Therefore, to efficiently calcu-
late the thermal conductivity via GK calculations, various
approaches, such as exponential fitting of the HCACF,52,58,59 and
the integration of appropriately truncated HCACF have been
implemented.55,59,63 For the exponential fitting procedure, the time
constants that are typically derived from the HCACF can be attrib-
uted to average phonon scattering rates. Specifically, the time cons-
tant related to the rapid decay (1=τs) corresponds to the scattering
rate of short wavelength phonons, whereas the time constant
related to the slower decay (1=τ l) of the HCACF is related to the
scattering rate of the long wavelength phonons and their respective
contributions to thermal conductivity.58,59,64 This approach of
determining the average lifetimes for phonons will be used to
support some of the conclusions made in this work. However, to
calculate the thermal conductivities (as mentioned above), we
employ the direct integration of the HCACF in accordance with the
criterion set forth in Ref. 55 to accurately determine thermal con-
ductivities by choosing the appropriate correlation time to calculate

FIG. 2. (a) Converged value of thermal conductivity for a 1-sided functionalized
graphene with 2.5 nm period predicted via the Green–Kubo approach by inte-
grating the heat current autocorrelation function until 30 ps as shown in the
inset. (b) Normalized heat current autocorrelation function with biexponential fits
for pristine graphene, and 1-sided functionalized graphene with 3.5 nm and
1.2 nm period lengths.
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the HCACF as well as implementing sufficiently long simulation
times to reduce uncertainties. Typically, correlation times have to be
long enough so that the HCACF profile crosses zero multiple times
during the integration period. We find that for our decorated gra-
phene sheets, a correlation time of �30 to 100 ps and a total integra-
tion time of 20 ns are sufficiently long enough to accurately determine
the thermal conductivities as shown in Fig. 2(a); readers are referred
to Refs. 55 and 59 for detailed investigations on how to reduce uncer-
tainties in EMD calculations. For our calculations, the uncertainties
are determined from three independent simulations, which results in
a total of six sets of converged thermal conductivities (as calculated in
the x- and y-directions for each simulation).

We also study the mechanical properties under uniaxial
tension for our structures. The computational domains are
deformed in the x-direction at a strain rate of 108 s�1, while we
impose zero pressure in the y-direction under the isothermal-
isobaric ensemble. The strain is calculated every 0.1 ps as, (Lx � L)/L,
where Lx is the current length in the direction of the applied strain.
The stress of the entire structure is also outputted every 0.1 ps to gen-
erate a stress–strain relationship for our structures.

III. RESULTS AND DISCUSSIONS

Figure 3 shows the thermal conductivity of 1- and 2-sided
functionalized graphenes as a function of period length calculated
at room temperature. The decrease in period length monotonically
decreases the thermal conductivity of the 1- and 2-sided functional-
ized graphenes. For reference, the predicted thermal conductivity
of a pristine graphene by utilizing the Green–Kubo approach is
� 208Wm�1 K�1 at room temperature. Note, for our pristine

graphene, a longer integration time period of 200 ps is required to
ensure that the HCACF completely decays to zero. Prior literature
on EMD calculations for materials with similar thermal conductivi-
ties have also demonstrated that longer correlation times are
needed for accurate thermal conductivity predictions.50,55,61 The
decorated graphene sheets with short period lengths possess much
lower thermal conductivities in comparison to the thermal conduc-
tivity of a pristine graphene sheet. For the shortest period
(P ¼ 1:2 nm) 2-sided functionalized graphene, we calculate a
thermal conductivity of �15Wm�1 K�1 at room temperature,
which is more than an order of magnitude lower than that of pris-
tine graphene and marks a �93% reduction, the reasons for which
will be discussed in detail below.

Figure 4(a) shows the temperature dependent thermal conduc-
tivities in the 100 K–600 K temperature range for our 1- and
2-sided functionalized graphenes with different period thicknesses.
For comparison, we also plot the temperature dependent thermal
conductivity for our pristine graphene that shows a � T�1 trend
indicative of Umklapp scattering processes dominating thermal
transport. In contrast, the thermal conductivity for the 1- and
2-sided functionalized graphene sheets with 3.5 nm period lengths
show a drastically reduced temperature dependence (κ � T�0:18

and T�0:14, respectively). Figure 4(a) also shows the temperature
dependent thermal conductivity for a 2-sided functionalized gra-
phene with 2 nm period, which shows a complete lack of tempera-
ture dependence for the range of temperature studied in this work
(κ � T�0:07). The increase in the lack of temperature dependencies
for our decorated graphene sheets with larger surface coverages of
fullerene molecules is indicative of the reduction in the influence of
anharmonic Umklapp scattering processes, dictating heat transfer
across these systems.

To investigate the effect of the number of covalent bonds on
the thermal transport properties of our decorated graphene sheets,
we plot the temperature dependent thermal conductivities of our
2-sided functionalized graphene with 3.5 nm period formed with 2
(solid triangle symbols) and 6 (solid circle symbols) C–C bonds in
Fig. 4(b). For the temperature range studied in this work, the
reduction in the number of covalent bonds leads to an increase in
their thermal conductivity as well as their temperature dependency.
The increase in the thermal conductivity, as well as its temperature
dependence for the structures made via the [2+2] cycloaddition
approach, arises mainly because of lower defect scattering due to a
lower number of covalent bonds and also because of the fact that
anharmonicity largely affects the higher-frequency phonons at
higher temperatures. Thus, a larger number of covalent bonds
between the fullerenes and the graphene sheet are more efficient in
scattering higher-frequency phonons. Furthermore, the AIREBO
potential takes into account the dependence on dihedral angles
(contrary to the Tersoff potential that has been extensively used to
describe thermal transport across carbon-based structures65) and
implements the torsional four-body potential for all dihedrals. The
reduction in the number of C–C bonds between the fullerenes and
the graphene sheets reduces the torsional force. It is important to
note that the functionalization of fullerenes on the graphene sheets
leads to the transformation of the in-plane sp2 C–C bonds into the
out-of-plane sp3-like C–C bonds.66,67 The torsional four-body term
leads to a higher scattering of vibrations at these sp3 C–C bonds,

FIG. 3. Thermal conductivity of 1- and 2-sided functionalized graphene sheets
as a function of period length. The inclusion of more fullerene molecules
(shorter period lengths and larger surface coverages of fullerenes) is shown to
monotonically decrease the thermal conductivity.
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which results in the further decrease in thermal conductivity of the
structures formed by the [6+6] cycloaddition method in compari-
son to the thermal conductivity of the structures formed via the
[2+2] cycloaddition method.

We also plot the temperature dependent thermal conductivity
calculated without including the four-body torsional term in the
AIREBO potential for our 2-sided functionalized graphene with
3.5 nm period (hollow triangle symbols) in Fig. 4(b). Similar to the
effect of reducing the number of bonds, excluding the torsional
term leads to a larger temperature dependence and an increase in

the thermal conductivity, further solidifying our conclusion that cova-
lent sp3-like C–C bonds severely scatter vibrations in our decorated
graphene sheets via torsional forces, consequently leading to a massive
reduction in thermal conductivity. This is supported by previous com-
putational works that have shown that the rigid body rotational
motion of the fullerene superatoms can severely impact the thermal
transport properties of these types of carbon based materials.67–70

We also investigate the effect of increasing the number of
carbon atoms in the fullerene molecules by repeating our simula-
tions for different allotropes of fullerenes for the case of 1-sided
functionalized fullerene with 2.5 nm period, the results of which
are shown in Fig. 4(c). Within statistical uncertainties, the thermal
conductivities are similar for all fullerene allotropes, suggesting that
changing the number of carbon atoms in the fullerene molecules
has a negligible influence on the thermal conductivity of the deco-
rated fullerenes. We have confirmed this by running additional
simulations on our decorated graphene sheets with 1.6 nm period
and different fullerene allotropes to comprehensively conclude that
the size of the fullerene molecules does not significantly impact
their thermal conductivities. This implies that the sp3-like C–C
bonds between the graphene and the fullerenes, and not the size of
the defects, are responsible in dictating their thermal properties.

Next, to investigate the origin of the large thermal conductiv-
ity reductions of our decorated graphene sheets in more detail, we
use harmonic LD calculations to obtain the dispersion relations in
the high symmetry directions for decorated graphene sheets with
varying period lengths. Figures 5(a), 5(b), and 5(c) show the disper-
sion relations calculated from supercells of 2.5 nm lengths for deco-
rated graphene sheets with varying period lengths and varying
number of C–C bonds between the fullerenes and the graphene.
Note, since the number of phonon modes increases with increasing
size of the computational domain, we have used similar lengths for
the supercells in the LD calculations. The functionalization of the
graphene sheets with fullerenes results in a series of resonant bands
across the entire Brillouin zone. The hybridization of the acoustic
bands with these resonant bands is characterized by the splitting of
frequencies into up and down branches leading to mini bandgaps.
Similar hybridization effects have been observed in our previous
work for fullerene inclusion on the side walls of carbon nano-
tubes,67 experimentally demonstrated for acoustic and nanopho-
nonic metamaterials, and also has been theorized for coupled
oscillators by solving the equations of motion.71–78 These works
have shown that the nanoresonators, which in our case are the ful-
lerene molecules, introduce standing waves that hybridize with the
modes in the underlying membrane (the graphene sheet) that ulti-
mately leads to avoided level crossings and flat bands that charac-
terize localized modes with greatly reduced group velocities.67 This
localized resonant method has been used to manipulate waves with
characteristic wavelengths much larger than the size of the resona-
tors, thus offering a unique way to lower the thermal conductivity
without affecting the intrinsic composition of the underlying mate-
rial. The effect of resonant modes on the dispersion relations due
to strongly and weakly adsorbed atoms on the surface has been pre-
viously studied theoretically in Ref. 79.

For our fullerene-graphene systems, the hybridization and
localization of eigenmodes for our decorated graphene sheets is a
direct consequence of the strong covalent nature of the bonds

FIG. 4. Temperature dependent thermal conductivities for (a) pristine graphene
(hollow squares), 1- (solid diamonds) and 2-sided functionalized graphene with
3.5 nm period (solid circles), and 2-sided functionalized graphene with 2 nm
period (solid triangles) and (b) 2-sided functionalized graphene with 3.5 nm
period without the torsional term (hollow triangles) and made with the [2+2]
cycloaddition method (solid downward triangles). (c) Thermal conductivities of
graphene sheets functionalized with different allotropes of fullerenes.
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formed between the graphene and the fullerene molecules. The
nature of the C–C bonds between the fullerenes and the graphene
sheets is shown to impact the resonant modes as observed by
comparing Figs. 5(a) and 5(b) for decorated graphene sheets with
2.5 nm periods but with six and two C–C bonds, respectively.
Reducing the number of bonds leads to a reduction in the hybridi-
zation effect for the low frequency vibrations as highlighted in
Fig. 5(a) with a comparatively flatter dispersion relation, which ulti-
mately influences the thermal conductivity of the decorated gra-
phene sheets [as shown in Fig. 4(b), where the sheets made by the
[2+2] cycloaddition method showed an enhanced thermal conduc-
tivity as compared to those made with the [6+6] cycloaddition
method]. We also show that the increase in the number of carbon
bonds from the increase in the periodicity and surface coverage of
fullerenes leads to stronger hybridization effects as observed
by comparing Fig. 5(a) for the 2.5 nm period and Fig. 5(c) for the
1.2 nm period lengths [as highlighted in Fig. 5(c)]. It should also be
noted that the increase in the number of atoms in the fullerene

molecules and, therefore, the size of the fullerenes did not affect the
hybridization of the phonon dispersion, further solidifying our
conclusion that the C–C bonding environment and not the size of
the “defects” (fullerene molecules) are responsible in the modifica-
tion of the thermal properties of graphene nanoribbons.

To visualize the hybridization effect discussed above, we plot
the eigenvectors for the hybridized modes at �0.42 THz for the
two supercells of 1.2 nm and 2.5 nm period lengths in Figs. 5(d)
and 5(e), respectively. The arrows shown in the figure describe the
direction and magnitude of the particular eigenmode calculated
from our LD calculations, which shows a hybridized mode result-
ing from the coupling between the phonon modes in the graphene
and the fullerene resonators. This can be identified near to the res-
onant frequency [star symbols in Figs. 5(a) and 5(c)], where the
mismatch in the vibrational amplitudes in the graphene sheet and
in the fullerenes results in the flat bands. The mismatch in the
vibrational amplitudes in the fullerene resonators and the graphene
sheet causes the atoms in the fullerene molecules to vibrate in the
opposite direction to those of the atoms in the graphene sheet as
depicted by the arrows in Figs. 5(d) and 5(e). As mentioned above,
this localization effect for the modes is characterized by the flat
bands in the dispersion relation at both subwavelength and super-
wavelength frequencies that have highly reduced group velocities,
which ultimately leads to the reduction in the thermal conductivity
of the functionalized graphene sheets as shown in Fig. 2(b).

To further support our conclusion that the resonant modes
effectively scatter the long wavelength as well as the shorter wave-
length phonons in these materials, we compare the time constants
derived from the exponential fitting of the HCACF as shown in
Fig. 2(b) (and discussed in Sec. II). For our pristine graphene, we
determine a τs � 1:4 ps and τ l � 43 ps. The inclusion of fullerenes
at 3.5 nm period length is shown to reduce the lifetime of long
wavelength phonons drastically (τ l � 9:1 ps). Further decrease in
the period length to 1.2 nm results in τ l � 0:4 ps, which suggests
that the increase in surface coverage of fullerene molecules leads to
a drastic reduction in the average lifetime of low frequency modes
that carry a significant amount of heat in graphene. Along with τ l ,
the faster decay associated with short wavelengths also decreases
with fullerene inclusion, which further supports the claim that both
subwavelength and superwavelength frequencies are scattered by
the fullerene resonators.

Finally, to investigate the effect of fullerene functionalization
on the mechanical properties of our graphene sheets, we plot the
stress–strain relationship in Fig. 6(a), which is used to calculate
Young’s modulus of our structures. The slope of the linear region
as shown by the dashed-line in Fig. 6 gives the Young’s modulus,
which for our pristine graphene is �0.9 TPa consistent with the
results of earlier experimental and computational studies.9,80 The
similarity of the stress–strain response for all of our structures
(including the calculated Young’s modulus values), regardless of
the surface coverage of fullerenes suggests that the functionalization
does not compromise the mechanical strength of the graphene.
Furthermore, we also investigate the influence of the size of the ful-
lerenes on the mechanical properties for our decorated graphene
sheets in Fig. 6(b), which shows Young’s modulus calculated for
our structures with 1.6 nm period lengths with different fullerene
allotropes. As is clear, increasing the number of carbon atoms has a

FIG. 5. Phonon dispersions calculated via harmonic lattice dynamics calcula-
tions in the 0 to 5 THz frequency range for the 1-sided functionalized graphene
with (a) 2.5 nm period length made with the [6+6] cycloaddition method, and (b)
2.5 nm period length made with the [2+2] cycloaddition method, and (c) 1.2 nm
period made with the [6+6] cycloaddition method. Spatial components of the
two-dimensional eigenvectors at �0.42 THz (indicated by the star symbol in the
respective phonon dispersions) for the 1-sided functionalized graphene with (d)
2.5 nm, and (e) 1.2 nm period lengths showing the localized nature of the
eigenmodes.
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negligible influence on Young’s modulus; note, the number of C–C
bonds between the fullerene and the graphene also does not
influence their Young’s modulus. This suggests that the functionali-
zation of fullerenes on graphene sheets has a negligible influence
on their mechanical properties, whereas their thermal conductivity
can be tuned over a large range with different surface coverages.
This is in contrast to the results of absorption of hydrogen and
methyl functional groups on graphene sheets that drastically deteri-
orate the Young’s modulus.29,81

IV. CONCLUSIONS

In conclusion, through systematic atomistic simulations, we
have shown that covalently bonded fullerene molecules on the
surface of graphene sheets can provide a unique pathway to tune
the thermal transport properties by controlling the surface cover-
age. Our results show that the thermal conductivity of fullerene
functionalized graphene with short period lengths can be lowered

by as much as �93% compared to the thermal conductivity of a
pristine graphene, which is attributed to a combination of resonant
phonon localization effects, leading to band anticrossings and
vibrational scattering at the sp3 bonded carbon atoms. The main
advantage of the approach, presented in this work, to tune the
thermal conductivity of graphene lies in the unique opportunity
where the electronic and the mechanical properties of the graphene
are left unhindered.82 This could provide an avenue to engineer
high thermoelectric efficiencies by massively reducing the
vibrational thermal conductivity while enhancing the electronic
conductivity in functionalized graphenes.
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