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Research subject: Poly (2-oxazoline) (PEOX) polymers are a family of
synthetic macromolecules with biodegradable and biocompatible fea-
tures. They resemble polypeptides in structure and therefore, have re-
cently taken put to use in drug delivery. Nonetheless, these polymers
suffer from relatively low thermal and mechanical performance and
thus are reinforced with nanoparticles as nanocomposites. The molec-
ular details of the reinforcement mechanism of PEOX have not yet been
elucidated.

Research approach: This research work was done to reach an un-
derstanding on interaction of 2-oxazoline-based polymers with 2D
nanoscale reinforcements and to shed light on the mechanism of re-
inforcing the respective nanocomposites. To this end, conformation
and dynamics of poly (2-ethyl-2-oxazoline), as a known representative
member of this family, near a functionalized graphene nanosheet were
studied via classical molecular dynamics for a period of 10 ns. The ef-
fects of various temperatures and polymer chain lengths on polymer
conformation and dynamics were assessed.

Main results: Molecular dynamics snapshots exhibited effective inter-
action of the polymer chain with the graphene nanosheet leading to ad-
sorption, whereby conformation and dynamics of the chain underwent
transition. The adsorbed polymer chain adopted a flat, folded arrange-
ment parallel with the graphene plane. Also, the gyration radius was
found to increase, when the polymer chain approached the graphene
nanosheet. Pair correlation function curves revealed that the adsorption
correlation length was on the order of the repeating unit end-to-end dis-
tance. Mean-square-displacement of the polymer chain decreased as it
moved towards graphene. An increase in temperature led to a change in
structure and dynamics of the adsorbed polymer chain.
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Table 1. Specifications of simulated systems

Number of | Number of | Number Number of | Numberof |T (K) |n System
N atoms in | O atoms in | of C atoms | O atoms in | C atoms in Code
PEOX PEOX in PEOX FGNS FGNS

10 10 51 658 15958 300 10 F10300
10 10 51 658 15958 350 10 F10350
10 10 51 658 15958 400 10 F10400
20 20 101 658 15958 300 20 F20300
20 20 101 658 15958 350 20 F20350
20 20 101 658 15958 400 20 F20400
30 30 151 658 15958 300 30 F30300
30 30 151 658 15958 350 30 F30350
30 30 151 658 15958 400 30 F30400
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Figure 1. Plot of Total potential energy of simulated systems against production time
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Figure 2. snapshots from simulated systems at initial time: F10300 (upper panel), F20300 (middle panel), F30300
(lower panel)
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Figure 3. Snapshots from simulated systems at final time (from top to bottom: F10300, F10350, F10400, F20300,
F20350, F20400, F30300, F30350, F30400)

Slall ey o6 (05 90 4S5 b 00y
JSi 10 s aalgs ol dad o] lesus 5l (gamg
nm ol Lo ya5 aS oo o0 S 1 o L e Lol
0l das e dx Jolre cdi> yo ol .l +/Y0
‘_57"4—“’ wd > 65, A KT Jlo_ 8o o, a8 | & o059
el Jlayde ik o] jo as A8 oo adlol o
a=ly slgil g0 Job o> pEaS cwla sy el
Gl azly Jeb L Lo & c..\_.fb@da.w od 4y
Ci2 55 S Dl o ammiS 58 Sl il
B9 dles KT a3 1o 5l oy oo
R yosh jonij gl 3l Dl pss O JS 50
oa—d oole i calizee gladilolw ol ot Joldo o
oobde el o5 snal b jo Sdapw (gl el
TALQJ’ 61)_.: Rg )—iéL&A ] 00 ool ] ‘rM)lij
3 S gl o) ) e adaxd a0 sl
G yg0 ddd oo s a8 Cl oy jelS Jobo
) (Gl g0 @ e il il ol adasd o
slasbelw jo rals (ol acul gn b an glals

o=l A 0g e it 53 o] oye Sl e 50
lelw 0j9—0 ;0010 o )Ll a8 o 50y 4
alold o aws Sy Lol Sy 0gdle FY-Y- -
jlwd&gdg_leTJ_:Joqdm_&)_mLBM
b 5l 55590 slalols jo cilelw ol ;o PEOX joei
=bad obai oo o )le 4 ol asd 3 )1, 8 FGNS
Do ] S FY Yo e wilelw jo oo diods 4y
a5 ol ;S il Lod Aal8 L s Sy
il 8D ey slaes! (Kalal jo cdgp—w Jds an
5 Sl ol Ay o (—icSen 5 L—wlod JLoi>
VD a5t go (ol Sy (555 a4y e
A by e slocols (g T co (S8 son oFu0
I, 06 > PEOX , .=ija S o, 5 . wasaigSull, RDF
Sy aw i (65,51 L oo )5 S0 FGNS 4
508 G 5o le Sl ciale 4 S 8,51 Cwsa
=S melbs L aY S 0 093 (30,5 v L
I os— o Sy (98l 5l (=25 58 S5 b
dat_in Cewlbro ol LIS 58 aes o S
b Ay A5 e () St S |, 4SS
S o ,had Calis ol sl i wl e i 30 (blob)
ool (rhaw iz el Y 5l (Sl (b e

VO ol - oo (owaian 50,1 b gl sl 4y o (b (oole aolilad



sk e 2 JsSse (gileand

1.5

r{nm)

S35 s 3l (soges alols lis o calisee slaailele & g o olad wje @b ogei- ¥ JSS
Figure 4. Plot of RDF for simulated systems with respect to vertical distance from FGNS plane
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Figure 5. Plot of gyration radius of PEOX in simulated systems against production time
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PEOX: poly (2-ethyl-2-oxazoline)
GO: Graphene oxide

GNS: graphene nanosheet

FGNS: Functionalized graphene nanosheet
MSD: mean square displacement
RDF: radial distribution function
t: simulation time

n: number of repeating unit

T: temperature

U(t): total potential energy
PGP(r): ensemble-average RDF
k: Botzmann constant

R;: radius of gyration

&: correlation length
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