_ o Commonwealth Tracking the Proton in Non-Aqueous Electrolytes for High Temperature Fuel Cell Applications
7/;@\\§ Chemistry

Federation of Chemical Sciences Societies

Sourav Maiti®, Sunayana Mitra%, Clinton A. Johnson%*, Kai C. Gronborg", Sean Garrett-Roe%and Paul M. DonaldsonS$

SCentral Laser Facility, RCaH, STFC-Rutherford Appleton Laboratory, Harwell Science and Innovation Campus, Didcot, United Kingdom; YDepartment of Chemistry, University of Pittsburgh, 219 Parkman Avenue, Pittsburgh, Pennsylvania 15260, USA

Introduction: Aims and Objectives: Ultrafast Spectroscopy:
. . / 2 ime- i * :
JEfficient fuel cells for cleaner future :: lonic Liquids: molten salts at room temperature F';[';"_}‘E[‘jﬁ?_'}_’ff‘__’[‘?'ff}‘!ar motions through femtosecond lasers ROH™ + HCOO- RO™ + HCOOH
it : soluent-spherE\ e ~N
J Requirement of water :' e e e . 1| Nam 8T A8 Qﬂa |: N A:|
I . o *|RO HO ™
. Low temperature fuel cell (<80°C) e Protic ionic liquid: with exchangeable protons/ 1 i?: ) )) 0
1:9 I H i
\ At
:: DNOnVOIatility / \ e * \ \ Probe : Detector - i 1800Wavenumbers(cm'1)1400 - /
N A I /EINon-humidified fuel cell: \ I H 0 EI i 150fs | [ HCOOH: tracks arriving proton
T 2.3’_ L I OHigh thermal stability \_ﬁLH i} >_H femt.osecond ;i? ROH 030 < Eo-)__)Ho/\c] . _ Photoluminescence Spectroscopy
:ﬁ § N v'improvement of activity of a Pt catalyst :: Y 6 ) PH-jump 1 & ~/ Pump-probe vibrational spectroscopy B
) = I High ionic conductivity _ Y O ‘Sf— e AAp: = (Aexcitea—Aground-state) At "
T ;\] v'reduced CO poisoning of Pt-CatalySt :: i L) How fast the proton moves? A: Absorbance
e I - -0':8\* OH
Results and Discussions:
|
(] I o
Proton Transfer Mechanism , Proton Transport Mechanism

|| | ‘tight-complex’ ‘loose-complex’

|
U 6 ps ' (QH* vs. D* . )
% + H* m o
| V) I H 2 Hif = \/ D/ . =14 Grotthuss mechanism
/\f\/\t ¢ :: f\ f\ fl_k) . kp H ‘tight-complex’
| T A ronic iquid :. ¢ o A Proton transport to a few (~10) solvent shells
g protonated |: P ~ Grotthus transport vehicular transport
n 1400 1600 1400 1600 :: ) HCOOH vs. HCOOD: kH/kD — \/mHCOOD/mHCOOH — 1.0 Vehicular mechanism
Wavenumbers (cm™) I
A 4 | 1 B n HCOOH = -
1450 1500 1550 1600 1650 1700 1750 1800 1850 ]
Wavenumbers |:||:m'1l . . .
—e—HCOOD ' .
| | o HCOOH slow recombination fast recombination
| il Direct proton transfer |:I e o N | Lp =vD7 J Fundamental understanding to predict better electrolytes
1.2} |:| o lII Na 08 O SO Na* g N
_ Ei! Nar ® S e :l: Q ﬁ % | ‘ﬂcoo RO"
E |I& 'G r—\ |II : -O?Slb > ° q ’ O i University of
£ TRLY ( A oo i NLE: Science and Pittsb’ilrgh
i o X B % o §eR Technolo
I 'i! " Facilities Council _ Department of
| C '
i
!

I PR A R SR Ch
................................ _ 102 102 10" 10° 10" 10% 10° 3 2 -1 0 1 2 3
L U :: o (s 10~ 10 1otim;(2ns)1o 10 10 CLF ULTRA UKRI FLF x
" . <150 fs ™~ 10ps I CLF OCTOPUS Research Cemplex
] 0.05 0.1 -mﬂ‘ -"]1 1u2 1|]3 II .

: . at Harwell .
time (ns) time (ns) I Maiti et al. J. Phys. Chem. Lett. 2022, 13, 34, 8104—-8110 ¢




