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lonomers are polymers that contain both electrically neutral and
charged chemical groups, and are being investigated as potential solid
electrolytes in batteries. Our group has been investigating structure and
dynamics in ionomer melts using molecular dynamics simulations. The
overall goal is to understand the relationships among polymer
architecture, ionic aggregate morphologies, and ion dynamics. Here we
apply an external electric field to coarse-grained models of ionomer
melts, which have ionic groups placed either in or pendant to the
polymer backbone. In the linear response regime, the field does not
affect ionic aggregate morphologies but does affect ion dynamics. The
applied field allows us to calculate the ion mobilities and hence the
conductivity. A comparison of the conductivity with that calculated by
the Nernst-Einstein relation reveals a significant amount of ionic
correlation.
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Christina L. Ting, Mark J. Stevens, Amalie L. Frischknecht
Sandia National Laboratories and Center for Integrated Nanotechnologies

Y ol
et o » @R >
. S > r/‘ .-

N et
» e ®- »
u.‘ DR <)
> A2 AT M\

penda

SAND2014- 15637C

U.S. DEPARTMENT OF

)
G
" a']
Y,

Office of Science

(((((

ggggg

ds

cint.lanl.gov

Abstract Aggregate morphologies lon Motion in the Field

Collective Properties

Nernst-Einstein

conductivity in field

NE 2 —_— — .
AN = pe*(Dey + Dei) p="(vz)/E A= pe(tci — ficp)
@ .
0.0015¢ O ionene N =3
| pendant N= 3 system o= A/ANE
.EOOOIO- ] ionene N=9 i
) ) ) g ] [loneneN=3 0.35
repulsive LJ interactions Simulation details: 3 | .
S | o lonene N =9 0.15
+ FENE bonds 800 polymers Soooosl O O O ;
. . 142 - . i — .
+ coulomb interactions: U(r) = 4q ! 100% neutralization | pendant N =3 0.37
+ Langevin thermostat Teoer bulk dielectric constant = 4 0.0000[ - q =
counterion size = 0.50 / 2 00 02 04 06 08 10 12
Bjerrum length = 35.70 E
dynamic structure factor for counterions
. 0, 1 |
lon Dynamics & v - ey —
6: — pendant, N =9 - Py o8y | -o---- E=05 a
10000 o . ] ? —E=1.0
— : eriodic Pendants 0f . -+ ~ 1
T 10 Nbbos 100 100 o o s g .l / \ < 08 y exponential
3 ] e ] )]
g 100 7 i . 2 ‘ 3 [ 5 t O: E 5 0.4 ecay
. _ " 10 10 10 10 ) <
% ] IOnS mOve y t (T) _4" m 0.2
s : 2 2\ 242 | —
g o N Cluster time (rz(t)") B — (ra(t)”)o = (vz)t ’ ? S 0
§ rearrangment/ k(@) = o
0.01 E “-uncharged polymer bead o dnft |n the E ﬁeld K /
o] L ~counterion collision R
. polymer COM v 105 k=00 pendant
0.0001 ] L L) 13 11 L B 1 B 1) B R E - 010 — =
0.01 0.1 1 10 100 1000 10000 100000 1000000 1047 Nbb - 2 COﬂClUSIOnS
time (1) <7”x> ~ Dt
Hall et al., Macromolecules, 45, 8097 (2012) diffusion * field does not affect structure in linear response regime
-  Electric Field * field speeds up ion motion
Xterna ecClric rie . : :
e cation, anion motions are correlated
add force F, =qE, to each atom 102 100 10*  10° 106
/ t(7) / C. L. Ting, M. J. Stevens, and A. L. Frischknecht, manuscript in preparation
. J
A Sandia
° Los A|amos This work was performed, in part, at the Center for Integrated Nanotechnologies, an Office of Science User Facility operated for the U.S. Department of Energy (DOE) Office of Science. Sandia National Laboratories is a multi-program National
NATIONAL LABORATORY laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000.

EST.1943

Laboratories



