Accepted Manuscript

polymer

Decoupling of ion conductivity from segmental dynamics in oligomeric ethylene oxide : ol
functionalized oxanorbornene dicarboximide homopolymers

Marisa Adams, Victoria Richmond, Douglas Smith, Yangyang Wang, Fei Fan, Alexei
P. Sokolov, Dean A. Waldow

PII: S0032-3861(17)30314-2
DOI: 10.1016/j.polymer.2017.03.054
Reference: JPOL 19550

To appearin:  Polymer

Received Date: 15 December 2016
Revised Date: 12 March 2017
Accepted Date: 19 March 2017

Please cite this article as: Adams M, Richmond V, Smith D, Wang Y, Fan F, Sokolov AP, Waldow DA,
Decoupling of ion conductivity from segmental dynamics in oligomeric ethylene oxide functionalized
oxanorbornene dicarboximide homopolymers, Polymer (2017), doi: 10.1016/j.polymer.2017.03.054.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.polymer.2017.03.054

Decoupling of ion conductivity from segmental dynesn in

oligomeric

ethylene

oxide functionalized oxanork®ra

dicarboximide homopolymers

Marisa Adams Victoria Richmoné Douglas Smith Yangyang Wartg Fei Fani,
Alexei P. Sokolo¥# Dean A. Waldow!

!Department of Chemistry, Pacific Lutheran Universitacoma, WA 98447 USA (0] N 0O
2Center for Nanophase Materials Sciences, Oak Riigienal Laboratory, Oak Ridge, TN 37831 USA
3Chemical Sciences Division, Oak Ridge National Lrabary, PO Box 2008, Oak Ridge, TN 37831-

6197, USA

“Department of Chemistry, University of Tennesseeiile, Knoxville, TN 37996 USA

ARTICLE INFO

ABSTRACT

Article history:
Submitted 15 December 2016
Revision Submitted 12 March 2017

Keywords:

Solid polymer electrolytes

lonic conductivity

Decoupling of segmental dynamics

In order to design more effective solid polymercalaytes, it is important to decouple ion
conductivity from polymer segmental motion. To therid, novel polymers based on
oxanorbornene dicarboximide monomers with varyergths of oligomeric ethylene oxide
side chains have been synthesized using ring ogemigtathesis polymerization. These
unique polymers have a fairly rigid and bulky bamkb and were used to investigate the
decoupling of ion motion from polymer segmental ayics. lon conductivity was
measured using broadband dielectric spectroscapyafiying levels of added lithium salt.
The conductivity data demonstrate six to seven rer@é separation in timescale of ion
conductivity from polymer segmental motion for polgrs with shorter ethylene oxide side
chains. However, commensurate changes in the gkassition temperatures; Teduce the
effect of decoupling in ion conductivity and lead tower conductivity at ambient
conditions. These results suggest that both, aease in decoupling and a reduction jn T

might be required for developing solid polymer &lelytes with high ion conductivity at

room temperature.

Improving safety and performance parameters okhat,
fuel cells, and super capacitors continues to biengiortant
focus of current research [1, 2]. In lithium basedteries,
metal dendrites can form on electrodes, pushirmutiir the
electrolyte and causing shorts, failures and fifes 3].
Replacement of traditional liquid electrolytes byplid
electrolytes with sufficient mechanical modulus paevent
dendrite growth and improve significantly batterszfety
[4-6]. One of the possible solutions could be tle of
solid polymer electrolytes [1, 3]. However, actiesearch
during the last few decades has yet to result i@ th
development of polymer electrolytes with sufficieahic
conductivity and high mechanical modulus [7]. Déspi
these efforts, small molecule organic electrolytesh as
ethylene carbonate and other carbonates still datenin
commercial products due to their high ion conduttiv
Low ion conductivity in dry polymer electrolytes at
ambient conditions remains a major obstacle for imse
batteries and several other applications [7].

Poly(ethylene oxide) (PEO) has long been the main
material proposed as a polymer electrolyte, andeseas a
benchmark for analysis of any other polymer eldgteq[8,

9]. Continued interest in PEO is also due to itsswally
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high Li-salt solubility (50 wt % of salt can be #égas
dissolved), and the ion conductivity reaches tlygired 10

3 S/cm around 80 °C. However, PEO has low condugtivi
at room temperature, and suffers from crystallaratihat
also severely reduces ion conductivity at ambient
temperature. In addition, the transference numberLf
ions in PEO is very low, ~0.2 to 0.3 [10], whickdivise
decreases electrolyte efficiency. In classical tieso the
conductivity of ions in polymer electrolytes is mparily
tied to the timescale of structural rearrangemeérd,
segmental relaxation of the polymer [11]. Attempts
improve the ionic conductivity have often focused o
reducing the glass transition temperaturg t@ increase the
rate of segmental relaxation at ambient temperaflings
approach leads to polymers with a low mechanicaluhgs,
and still insufficient conductivity [12]. There havalso
been strategies to move the ethylene oxide unitseide
chain of a low glass transition polymer [13-17].iSTh
process can frustrate PEO crystallization, but tbe
conductivity in these materials still remains low.

Recently a different approach in the development of
potential polymer electrolytes has been emphagiz@®3].
This approach builds on the decoupling of ion canigity
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