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PROTON TRANSFER REACTIONS/ NAFION®/ TRIFLIC ACID/ BOMD

SIMULATIONS/ VIBRATIONAL SPECTRA

Proton transfer reactions at the sulfonic acid groups in Nafion® were
theoretically studied using complexes formed from triflic acid (CF;SO;H), H;O" and
H,O, as model systems. The investigations began with searching for potential
precursors and transition states at low hydration l¢vels using the Test-particle model
(T-Model), density functional theory (DFT) and ab initio calculations. They were
employed as starting. configurations in Born-Oppenheimer molecular dynamics
(BOMD) simulations at 298 -and .350.K, from which elementary reactions were
analyzed and categorized. DFT calculations suggested at least two structural diffusion
pathways at the —SOs;H group namely, the “pass-through” and “pass-by” mechanisms.
The former involves the protonation and deprotonation at the -SO3;H group, whereas
the latter the proton transfer in the adjacent Zundel complex. BOMD simulations at
298 K revealed that proton transfer reactions at -SOs;H are not concerted, due to the
thermal energy fluctuation and the existence of various quasi-dynamic equilibriums,

and -SOsH could directly and indirectly mediate proton transfer reactions through the
formation of proton defects, as well as the —SO; and -SO,H; transition states.
Analyses of the asymmetric O-H stretching frequencies (v°") of the hydrogen bond

(H-bond) protons showed the threshold frequencies (v°"") of proton transfer in the
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range of 1700 to 2200 cm’. BOMD simulations at 350 K anticipated slightly lower

OH* MD

threshold frequencies (v, ), with two characteristic asymmetric O-H stretching

OH,MD OH,MD

frequencies (v " and vy ") being the spectral signatures of proton transfer in the

OH,MD

H-bond complexes. The lower frequ ) is associated with the oscillatory

y (Va

OH,MD

shuttling motion and the higher fr cy (v ) the structural diffusion motion.

Comparison of the present result BOMD simulations on protonated water
clusters indicated that the -SO; cilitates proton transfer by reducing the
vibrational energy for the int 1S een the two dynamic states (Avgy™™),
resulting in a higher population ofthe-H-bonds with the structural diffusion motion

One could therefore coad

<
sites which provide @

effective structural “diff
%
(PEMFC). The present reﬁ)@’ ested Lﬂ‘%ﬁ@st time a possibility to discuss the

1n Nafion® act as active binding
c and dynamic conditions for

hange membrane fuel cell

inA

tendency of proton transfer in H-bond using Av,

o ? and provided theoretical bases

and guidelines for the investigations of proton transfer reactions in theory and

experiment.
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