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Fuel cells are electrochemical energy generation devices that can convert chemical fuels to electricity at higher efficiency than
combustion power plants; reversible fuel cells operate as energy storage devices by converting electricity to chemical fuel.
Therefore, fuel cells are alternative energy devices that can help us to reduce greenhouse gas emissions in the energy sector.
There is renewed interest in anion exchange membrane (AEM) fuel cells due to their lower potential cost as compared with
proton exchange membrane (PEM) fuel cells that depend on precious metal catalysts.[1,2] AEM fuel cells can operate without
using platinum group catalysts and at reduced temperatures, however the high pH that alkaline fuel cells operate at is often
damaging to membrane materials.[3-5] In addition, the ionic conductivity of AEMs is typically lower than that of PEMs.
Identification of a low cost, hydroxide conducting membrane that meets the requirements for fuel cell operation is the biggest
standing challenge in this field.[2, 6-8]

The Gao group (Schaefer group collaborators) developed a facile Friedel-Crafts (F-C) hydroxyalkylation polymerization method
that synthesizes high-molecular-weight polymer (Figure 1) with rigid backbone in one pot using inexpensive commercial
monomers.[9]
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Figure 1. 1) Structure schematic of copolymer AEM with both random and block microstructures. 2) The chemical structure

of the synthesized polymer, where blue bubbles are functionalized dicationic side-chains.

The polymerization method enables the synthesis of an entire platform of membrane materials towards meeting the
specifications for a high performance membrane as identified by prior literature. An intriguing feature of this polymerization
method is the option to freely incorporate both charged groups and hydrophobic groups as substituents along the polymer
backbone, which is expected to be critical to achieve optimized balance between ion conductivity, water swellability, and
mechanical integrity when applying the polymers as AEM materials for alkaline fuel cells. High molecular weight of the polymer
is easily achieved, which leads to high mechanical durability and excellent hydroxide conductivity (Figure 2), where the ionic
conductivity of block copolymers outperform polymers with random microstructures.
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Figure 2. lonic conductivity (1,3, and 5) and SAXS profiles (2,4, and 6) of polymer membranes with different microstructures
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(random and block) and varied block lengths.

The polymer backbone is composed completely from aromatic rings and C-C bonds, which leads to high mechanical strength,
chemical stability in basic media, and thermal stability. Meanwhile, the versatility of the platform allows for the investigation
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of a multitude of macromolecular architectures, including side-chain substituents, traditional “blocks” (diblock, triblock,

pentablock polymers), and multiple linear segments with varying chain sequence distribution. The AEMs that we are studying
are nanostructured. The hydrophobic (polymer backbone, alkyl chains) and hydrophilic (ionic groups, water) segregate. The
morphology of the ion-containing domains and the water channels — their size, shape, and connectivity — is very important in
regulating the hydroxide conductivity. It is not possible to predict the exact morphology of the membranes based solely on

chemical intuition and knowledge of the macromolecular chain sequence. Therefore, small-angle X-ray scattering (SAXS)

(Figure 2)was utilized to characterize the micro morphology of the membranes. And it was consistent that copolymers with

longer hydrophobic block lengths showed higher ionic conductivities and more obvious phase segregation in SAXS.
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