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* Fuel Cell Development:
* Alternative means of energy
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Introduction

Basic lonomer Operation
* Polymer electrolyte transports ions
* Donnan exclusion repels electrons

* AEMFC high pH advantages:

Catalyst cost

Avoiding incomplete oxidation
Multiple fuel type compatibility
Favorable cathode reduction kinetics
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* Major problem: Alkaline Stability
1. E1 and E2 type eliminations
2. Direct nucleophilic substitution
3. NitrogenY lide formation
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* Optimizing Liung et al. proposed synthesis:
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1-bromohexane N,N,N’,N’ - tetramethyl-1,6- hexanediamine 1-(N’ ,N’ -dimethylamino)-6-(N,N,N-trimethylammonium) dodecane bromide
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* Triple cation side chains:

8-bromooctyl precursor)
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 «a and B hydrogen elimination- Hofmann reaction

(|3—C|) o _T_T— —» —C=C—— + CHyNHR;
¢ El J' @LRQ H N;{}
C/ OH (’ C/
H U H
H,0
H H H
| N 4 R |
e E2 i W Sy X * NCHs + HO
DG

H

Merle G, Wessling M, Nijmeijer K. Anion exchange membranes for alkaline fuel cells: A review. J NCB%R&

Memb Sci. 2011;377(1-2):1-35. doi:10.1016/j.memsci.2011.04.043 Lincoln




Merle G, Wessling M, Nijmeijer K. Anion exchange membranes for alkaline fuel cells: A review. J NeB%Ra
Memb Sci. 2011;377(1-2):1-35. doi:10.1016/j.memsci.2011.04.043 Lincoln




Problematic Reactions

* Nitrogen Ylide formation: Benzyltrimethylammonium‘

Attack Location Equation AE*  AE, transition* AG®*
Benzyl hydrogen N(CH3),(CH, — C¢Hs) + OH™ —» (CH3)3N*t — (CcHs — CH)™ + H,0 7.260 |7.337 11.1
Methyl hydrogen N(CH3)2(CH2 - C6H5) +0H - (CHS)Z(C6H5 - CHz)N+ - (CHz)_ + H20 8.357 |8.365 10.9

* Units are kcal/mol
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Research Objective

Development of durable, high performance, low cost
membrane via side chain addition.




Challenges

 Undesired /
bismethonium: )

* Molar ratio M

* Addition
sequence of
reagents ‘

* Recovery L
techniques




e Undesired

bismethonium:
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PRECURSOR: H NMR ((CD,),50), 300MHz): 1.26-1.29 (m, 8H), 1.71 ( t, 2H), 1.82 (t, 2H), 3.22 (t, 2H), 3.3 (s, 9H), 3.5-3.6 ppm (t, 2H)
DODECANE BROMIDE: H NMR (CDCI3), 300MHz): 0.88-0.9(t, 3), 1.34-1.54(m, 12), 1.6-1.8(s, 4), 2.25-2.28 (s, 2), 3.41 (s, 6), 3.5-3.6 (m, 4)
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Experimental

Synthesis Components:
. Bubbler Mineral Qil
. Reflux Condenser

e  Graduated Addition Funnel

 Heating Mantel A
«  Stir Bar with blade .60 _/-J Ar

Read: 60C {

A
e  Argon Gas Sﬁ-»\‘ i 4 °
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Conclusion

* Key parameters:
* Solvent
* Atmosphere control
* Temperature
 Reagent molar ratio
* Addition sequence
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e Attachment to a poly (phenylene) membrane
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 Degradation tests
e 80°C Baths over 30 days
* Conductivity measurements via electrical

impedance spectroscopy
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