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Electrochemical Protonation/Deprotonation of Oxides and Its Application to Proton-Based
Rechargeable Batteries (Department of Materials Chemistry, Shinshu University)
ODaisuke Nishida, Masahiro Shimizu, Susumu Arai

We have considered proton (H*) as a carrier ion. Owing to much higher ionic conductivity
originated from Grotthuss mechanism, the use of proton as a charge carrier in rechargeable
batteries expects to achieve rapid charge/discharge performance as well as high safety.
However, the use of an aqueous electrolyte causes the issue regarding to irreversible H» or O,
evolution reactions. To the best of authors’ knowledge, the reports on the protonation of TiO»
has been limited to anatase structure. In this work, we focused on the crystal structures of active
materials related to the level of conduction band to avoid the irreversible reaction. In the citric-
acid buffer solution, the higher reversibility for protonation/deprotonation was observed in
rutile TiO; rather than anatase TiO,.

Keywords : Protonation, Oxides, Bandgap, Batteries

EREHBER X ~0 Li IREOMEA N ET 72, BRI ZZ T 720 K= 2 R
DORMEREREET A ADOHBENRRO LN TND., ZOL I R ENLTFHRAIT, 7
2k (H) OFx VT A A& LTORREELZBRG L TWD. HIIMO A A 12l
RN —H AREREIC L0 R TEWA AU BEIE AR 20, AURTEERSE L &
WZRME & Al 2 7o KR IREMOBE N TE 5. 7272 LKRICE W T,
H £33 0B ER EORIKICHFERIND Z ENHETHD. T ETIZ, TIO,D
H W BT 5 EBEXALFIEEDN R E SN TEX 725 O D, anatase RO AIIRE I NS,
AW T, ARSI BT 2 A5 Au & 25 B L, rutile B TiO, OREFT 21T o 72
Anatase %! TiO» 12 1 M H,SOs 721 1 M CH;COOH % il L7-%2Tix (Fig. 1a), Ha
BAENKETH Y, BUSARDN 10% bz /2o 72, Hy BAEICE b7 O B
S CO pH O JRFTHZREERIZ L Y, HTiO /b H 5| E giviz (PRS2 E T
) e RIS, pH EEB D/ X
W = R RE IR A A LR T
%, FIEROBE R M EAFRD b
H OO, HATIORSEN S AANZ >
7 T AR L o ), K0 W
YENIRER 2 A3 5 rutile 2 TiO, 13
anatase ! L 0 & IEMITC HAH NG 23
HAT L2720 The <, ROSAIEER S N A
#xiic (Fig. 1b). BLEDZ Ehbin B P@%wvéAwéﬁmm%m)qs
HEENL N ERUE TR AT N AR D

Fig. 1 Cyclic voltammograms of (a) a-TiO> electrodes in

TEERRTFTHD I ENSHoT-. I M H>S04 and 1 M CH;COOH and (b) r-TiO; and a-

TiO; electrodes in citric-acid buffer solution.
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