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[Abstract]

Development of proton exchange membranes used in polymer electrolyte fuel cells is very
important to realize hydrogen society. The technological need for the membrane is low cost,
thermally stable and good ionic conductivity membrane. For alternative materials,
hydrocarbon-based proton exchange membrane is receiving a lot of attention since it is more
inexpensive than mainstream fluoride-based proton exchange membrane. Therefore, in this
study, we analyze the characteristics of the hydrocarbon-based proton exchange membrane
using molecular dynamics simulations. We designed new molecules, benzene sulfonyl
sulfonic acid (BSSA), and analyzed its oxonium conductivity by evaluating RDF and MSD.
As the results by comparing BSSA with benzene sulfonic acid (BSA), the diffusion coefficient
of oxonium ion in BSA was higher than BSSA and better performance for ion conducting.
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Fig.1 Models used in this study. MD:H, @:C, @:S, @:0

72 BSSA(BSA) X & CHERE L 7-IREEL L=, JRMAHA/EAIX Coulomb 71 K&
Lennard- Jones (LJ) Potential Zf£H L7=. LJ potential &2 O Coulomb /1D % » M A 7 1%
EDHIZ10A L L7z, K FIZIZ SPCIE ET v EFEH LIz, T _XToOo 2 RITMA
Ted b, HJ)0.1MPa, IREE 300K TH ), RE—&E CEHEMREEIZ /2 5 F T NPT 7
P TNNEANCHAEZED D, 0% NVE 7 28 v 7V T R EN(MSD) K&
O#ER A BE(RDOF) O R 21T 9. X TOFEIL LAMMPS Z H\W\WTiTo 7z,

[#EFR - B£]

BN A XY =0 bA F o OPLHAR A RDT=. 7272 L Grotthus B I1X5E L 72
W EBREET A v a2 A L DORBRAE VT MSD B3RS 5. MSD OfE R A&
Fig2@IZRT . AF Y =0 AL F 2 OILBIRIIL T T 7 OE S O E ITHY T 5.
Z D=8 20ps~60ps DRID 7T 7 D E I S ILEtaEz H 79 5 & BSSA T 0.96 X
10%cm?%s, BSA T 1.04X10° cm?s Td - 7. EEUAREDIE T A LA B8 o kA
EOBEWNIHD EEZEZHNDHDT, RDF Z AT AR ERE O KOS 23
%. RDF OfE#% Fig.2(b)lZ/~xd. Z DK% BSSA & BSA [TV TA/LKRIEND S
JE Y DKGFA DA% RDFICK S THNIT L7 D THSD. BSADE—T 5L 2o
TWT, 1 DOFDHD FIRNN K Z V. BSA DK FDJRTELDRKE N L3 b5,
RDF O#EH2>5 BSA DX 9 73 BSSA LV & AV HREDJE 0 ITKF+NBIELL TH
HEWIFER L2 o7=. 2T BSA NE W EAMERD Y, HiEEmIokfEne

TWZLENEZOND.
60 T T BSA ceeeseemreeees L4
o L | BSSA —— 1.2
; w 1
40 | A
= ~ 08
i B 06
0.4
0.2
0
0 10 20 30 40 50 60
Time [ps] A
(a) MSD of the BSSA and BSA (b)RDF of water atoms around the sulfonic acid
Fig.2 Analysis results of MSD and RDF
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