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AL B EREICRS T R e N ARBEEORBL L EEHEOME]) CEL., BaEEREICRITS
7u N AREEEE AT A LR BN E LD TH D, RIS EEMAEEER L TOHEE T L, 2
DETLFHBEIC L 2RI 21T - T, BEBEREICRIT 5 7 e b RS Z EBRD - BlEaMICme L
TW5, ZOMBAE, ERNOKISHEOREMS, Hi7-7/27 v b AREMEIORGHEH Z8R_E L, 71 b frE
B NEDAIRIENTTE~ORB~FRT A HOT, TEICIVHERIND,

W1 E Mg TIE7 e P ARERBOBEOMEIZOVWTRLTWS, TRNETOMETIRRINTNS S
0 AREEESC, Ta P AREICEE TS R L LT, BBRRAKDOBEEMICOWTHEN TS, LT e
N AR AR TR TR, MR mCEMRE L Vo EERTISHEN TWAHlZRTZ LIc& - T
7o b AREEOPAMEEZ R L TWD, — T, ERNOKOE 2N T 1 b F v 2R, BRSOl
ZAHEVEBREIEL, ko7 a b U CITEBI A TE RN LR R LTV D,

F 2% [MRIKEEBEICBTDBOK~OMEER L7 a b ARE~ORE )] Tid, RIS O Zirconium
Phosphate (ZIP)IZ DWW TR 21TV, ZHE Tl SN T IR o T2 AR~ EERR E AR LTS, a2 b
MEEMEEEATHERIT, BEIT 57 0 ORI KBEEOEM, KRETOBEMDEET L LERL
TWa, BIIZAERAZKICHbI 56T, B & KFERET 5K ([Bound water) & FRUVVKFREGEEK L, »OFED
Bound water 225 DKFEFEG DD Z L AR L TN D, BB, ZOEFT MIBMEEEIZFEL TWLIRTHY
3TN T DM mEEMBEOEREME & LT, BRO— M7 2/ LT 5,

HIE MEEEREICBIT 7 F AzEEME ] Ti%. Zirconium Sulphophenylphosphonate (ZrSPP) & iz~
¥ A VIR UBR(BS) & Fi oA KSR U ~ —Sulfonated poly(arylene ether sulfone) (SPES)#AS ZrSPP 24 & o7 T,
ZISPP & SPES O R CHARBEMEZ IR L CW\W5D, £ L THEBEME 22 Gz amn 7 e bzl
PEER L, BEEEREICBWTE YR M AREER BT L L AR LTS, S HICEEEEHKE T NMR
PEIZ L » THEROBEME TIIR AR E 725 KDOEE N2 Lb7a b OAREEETLEHELNREINTH
b, ZHUIBEEO T v b AREEE TN TERWESRTH Y | BEEEME COFH TR EEEEOTFES
52 EERLTND FVTZISPP & SPES #E 7 /WL L7- BS T, EBRIRFTIRFER LA & 5 ZrSPP-SPES
RIMET NV EMHEE L, 2 TLFFFEIZE DM 21TV, B8 A TR MICEIN 5 58 4% (Packed-acid
mechanism) Z fiff L T\ 5, FHEMEEN D BEEERME TIZ 7 7 b2 R —(H;0, SOH )R LB A, 7
0 M ERZRTDHINVINTZOIZ, TN TWVEIW)VKREFAEZELTNDLI EE R LTINS, B, TO5VK
FREAOHFTEFFTIRIZE > TEBRMICHER L TWD, 2LV, BFOT o b ARSI OAHERE T 5Kk FE
FEANEIND AT v TREEN., BEBEREEDE 7T b AREMELZHA L T\, 72, oG HEHE T
ITAKDED & X2 L 2 & TKREHBENYIN S, Packed-acid mechanism iX7° 1 kv R —[ELOKEREES TR
HBEYDTD, KOBIENARETHDHDTNMR OFEREZFHIITE 5D, 2 LY. Packed-acid mechanism % SEERAY

AT LT 5,

AT THREEEMEICRT 57 F AREHOREMEE ] Tld. Packed-acid mechanism (22U T F{k 51
HA RO TEEMAR BT 21T > TW\W5, ZHiZ X Y. Packed-acid mechanism 232 ECAIIZ 7R B 72 OIZE F LU kERER
HEftE R LTS,

B5E REBEBED N—a L — 3] TIIE 4 ZTRLEMEREHEE % 2. Packed-acid mechanism
NEBHNCRDMBI DB EIT> TS, TOMEHIREIEKE LW 1 b x84 7R L, Packed-acid
mechanism 23 X B 725 A 2B 2 EREOMEE R LT 5,

%6 & [MMBSRIFCE T A7 e M ARE ] T, EBINESMHCRT 58 - 52 L7 v b AR EMEICS
WCRT LT D, 7a b zth - 3253 5 BHER 4 IR B A w7 Zirconium Sulphate (225 CSEBRAY - B
BT IRIT 24T\ KD R WG AT B KT 5 72 DI « HENBREEEZF -0 F TRHRAELTWS
HENLEE LWIEARLTND,

BT E IRKGCORTEROESHORY] T, KX ORIELESBORELZRLTWS, KmXk o, HHME
DHLBEEERED Y 1 N ASEBRL R L, AR b WER Y £ TORAWSEORBE~TEIR L,
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Proton conduction due to acid-acid interactions is an important topic in a variety of fields,
from materials science to biochemistry. This thesis reports a distinctive proton conduction
phenomenon when a structure packed with acids at the interface of zirconium
sulfophenylphosphonate (ZrSPP) and sulfonated poly(arylene ether sulfone) (SPES) was
generated. The proton in the composite was active, whereas water, a general proton carrier, was
immobile. Moreover, the conductivity of the composite was higher than the sum of the
individual conductivities of ZrSPP and SPES owing to the packed acids at the interface. The
behavior of protons in packed acids is explained by a “packed-acid mechanism” based on the
results of ab initio calculations. The calculation results show that a proton normally shuttles
between proton donors and acceptors, disrupting reorientation, an important process in
common proton conduction (pseudo-shuttling). The acid-acid interaction in packed acids
eliminates pseudo-shuttling (interception) and facilitates reorientation, resulting in successive
proton conduction. The facilitation of reorientation is confirmed experimentally. This
property can explain the proton behaviour and the high proton conductivity of the
ZrSPP-SPES composite. Therefore, packed-acid mechanism was clarified experimentally and
theoretically.

Furthermore, the detail criterions to cause packed-acid mechanism were investigated. A
material, which meets above conditions was synthesized and demonstrates proton
conductivity with extremely low dependence on relative humidity. Moreover, this thesis
clarified that the interaction between the proton donor and the acceptor through chemical
bonding is able to compensate for polarization caused by charge (H") migration. This result
suggests that adjacent atoms connected through conductive compounds facilitate packed-acid
mechanism.

The packed-acids mechanism is proposed in this thesis as a key step towards deeper
understanding of biochemistry and development of proton-conducting materials.
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