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INTRODUCTION

“*Polymer nanocomposites based on carbon black,

. and find  extensive
applications in the recent years due to their improved
mechanical, thermal, electrical, and gas barrier properties
compared to the corresponding properties of the pure
matrix.

“*More recently, the discovery of graphene has opened a
new direction in the field through the design of the so
called class of graphene-based polymer nanocomposites.

“In the literature,'? in the
mechanical (but also efectrical, thermal and barrier)
properties of graphene-based polymer nanocomposites
have been repaorted for many glassy polymers.

“*In our recent atomistic simulation study® we showed that
at just 5.67% wt. loading of a PMMA matrix in G5, the
Young's modulus E, was improved by e

“»An important finding of our simulations was also that GS
tend to self-assemble in the PMMA matrix and
agglomerate into multilayer graphene structures due to
strong - stacking.

“*In the present work we propose a new methodogy in order
to prevent graphene stacking by not the
graphene sheets, but the polymer chains.

MOLECULAR MODEL &

SYSTEMS STUDIED

% The selected polymer system is the atactic PMMA ({all
chains in the simulation box consist of random
sequences) (Figure 1a).

“* The proposed functionalization focuses on adding at the
two free ends of the polymer chains, pyrene groups
creating the so called chains (Figure 1b).

“ In our simulations, strictly maonedisperse samples were

assumed, each and chain consisted

of 30 monomers (methyl methacrylate, MMA) implying a

molecular weight of 3005.49 gr/mol.

The graphene sheets had lateral dimensions of (39 x 39)

AZ (Figure 1c),

< Four different model systems were simulated (see Table
1), in order to examine the effectiveness of the
proposed functionalization on preventing the graphene
agglomeration in the polymer matrix.
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# The simulations have been executed with rectangular
parallelepiped simulation cells with all atoms subjected
to three-dimensional periodic boundary conditions.

%+ The simulations were carried out with the very accurate,

explicit-atom DREIDING force-field* for the calculation of

atomistic interactions between PMMA and graphene
sheets using the LAMMPS software.

<+ The simulations were executed at and P=]atm.

“*For the case of System 1 (

) after ~
120ns of simulation time all graphene sheets

% For Systems 2-4 all graphenes remained totally separated in
the polymer matrix after several nanoseconds of simulation

time.

» Pyrene adsorbance on graphene
sheets

“#Several pyrene molecules can adsorb in a

(Figure &).

“*We can observe the of each pyrene
an the graphene surface (-1 stacking) with the rest of
the polymer chain extending and parallel to the
surface of the GS.

% In our MD simulations with System 1 (all chains of which
are non-functionalized; 5
and after a very short simulation period (approximately 10
ns), GS started self-assembling giving rise to well-ordered
structures characteristic of the 7777 stacked configuration
of GS in graphite (Figure 3).

% Initially, four (out of the six) GS in the simulation cell came
together to form two separate stacks, and later the other
two GS joined these two stacks.

» Evolution of non
System 2

self-assembly of

By inscting_te atomi
we concluded that py
distinct structure

—
t=120ns
*hlack

< In contrast, for System 2, was observed
close to another G5 and form an agglomerate g
long simulation time (Figure 4).

% Another direct observation is that at the

simulation several pyrene molecules have cle

on the graphene sheets.

Similar behavior exists for the rest of

systems ( )
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