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Solid polymer electrolyte membranes are crucial
components of both lithium ion batteries (LIBs) &ndl
cells (PEMFCs). However, performance of these asvi
is currently materials-limited, and many groups are
working on alternative materials to improve perfaroe.

We have investigated a variety of polyimides
(Figure 1, Table 1) for use as solid polymer etdgtes.
Crown ethers have been incorporated to form charfoel
lithium ion transport in low temperature LIBs and t
improve hydrophilicity for use in high temperature
PEMFCs. Six-membered imide rings have been
incorporated for improved hydrolytic stabilfity for
PEMFCs. Hexafluoroisopropylidene (HFIP) groupséhav
been incorporated to improve solubility withoutrdeting
from thermal stability’.

Polyimides were prepared using standard thermal
polymerization techniques inm-cresol. 1,4,5,8-
Naphthalenetetracarboxylic dianhydride (NTDA) amd/
4,4’-(hexafluoroisopropylidene)diphthalic anhydride
(6FDA) were heated with diamines to form polyimides
Diamines used were 2,2-bis(4-aminophenyl)hexafluoro
propane (Bis-A-AF), anti-4,4’-diamino-dibenzo-18-
crown-6 (C18), 4,4’-diaminodibenzo-24-crown-8 (C24)
and/or 2,5-diaminobenzenesulfonic acid (DABS).

For use in PEMFCs, several polymers have been
sulfonated according to a literature procedubegree of
sulfonation (Table 2) was determined by titratiomp; to
three sulfonic acid groups were introduced per aepait.
Proton conductivity of sulfonated polymers was
determined from AC impedance measurements (Table 2)
conductivity reached 0.01S/cm in fully hydratedymoér.

Polymers exhibit good thermal stability, with
decomposition in air typically occurring above 300°
Two different forms of order were detected in crown
ether-containing polyimides via cryogenic diffeiaht
scanning calorimetry (DSC, Figure 2) and X-ray
diffraction (XRD). Polymers 1 and 2 are semi-cajlste,
with melting points at or above the thermal decositjmmn
temperatures of the polymers. First-order tramsgtiakin
to crystallization occur below room temperaturebith
polymers; these transitions are likely due to a
conformational change in the crown ether rings.
Molecular models based on the XRD data suggest
structures in which the chain axes are in the pidithe
film, with the crown ethers stacked perpendicutattte
surface.  This type of structure may facilitate™ Li
transport.

Several polyimides have been prepared;
incorporation of HFIP groups improves solubilitythaut
detracting from thermal stability. Sulfonation séveral
of these polymers yielded room temperature proton
conductivities reaching 0.01S/cm. Some evidence of
crown ether channel formation has been seen, stigges
that some of these polymers may be useful as patter
electrolytes.
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Figure 1. General synthesis and sulfonation of polyimides

Table 1: Summary of Polymer Formulations

Monomers
Ar = Ar =
t
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1/1s X X
2/2s X X
3 X X X
4s X X
54 X X
6s X X X
7 X X X
8 X X X
9° X X
*Sulfonated polymers are denoted by an s follovtlrg polymer
number

Table 2: Proton Conductivity Measurements of Polymer Systems

Wtoe APPIOX-# & ot gy g at 10% o
Polymer | SOH  SOHPEr  gqx Y water+  Saturated
repeat w/ water’
1s 32 % 3 1x16 - 1x10°
4s 12 % 1 1x10 5x10” 1x10*
6s 6 % 1 7x 16 - 2x10°

*All conductivity measurements performed at roormperature and
presented in units of S/t

05+ Peak Areas: 1606-17A° Ex0:10.3 /g Endo: 15.9 Jig

16606-18A° Ex0: 10.7 Jig  Endo:23.8 Jig
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Figure 2. DSC thermograms of polymer 1 (solid line)
and polymer 2 (dashed line)



