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Mechanism on appearance of superprotonic conductivity
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Abstract

In the present paper, we report the mechanism of the appearance of superprotonic conductivity
in hydrogen-bonded superprotonic conductors. The relation between the superprotonic phase
transition temperature and the square of spontaneous strain in the low-conducting phase
becomes a linear relation. This relation is a universal rule on the appearance of superprotonic
conductivity in zero-dimensional hydrogen-bonded superprotonic conductors. By analyzing
this universal rule using free energy, the superprotonic phase transition is caused by the
competition between the release of lattice-strain energy and proton kinetic energy including the
entropy term. These results indicate that the releases of strain in crystal and the increase of
entropy are necessary to achieve high-proton conductivity in the medium temperature region
around 200°C. In addition, the origin of precursor effect of proton conductivity in zero-
dimensional hydrogen bonded materials has also been clarified from the viewpoint of localized
proton hopping motions.
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L% INEM L, T b ORFENI R IR ORRFRBRIE T D .

k-k . . . .
G<q>(t):(kli—|;)2(f1q B fOFS — FIE9 4 £IFT ) exp(~(k, +k,)t)

= F@ exp(~(k, + k. )t)

(19)
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ZOBBNARBBIRE 7 — ) AL, A MUBIEERRDS L,

JPw =" G (t)exp(—iamt)dt

. (20)
@ _(f@_f@ _f@ , f@
I —(fuq LU FP L )1+a)22_2
7%, ZITHO TGRS 537 A—2Th Y, YTRUETE 2.
f(o):1—3cosze o Sin Gcossee‘”’ | f(z):sinzese‘z”" 1)

ré ' r r

F7z, [FIFEZEOBRRFFEF L— & UT" 36 LOSRERZ OB L— k UTL® (32T

1 1 3 3
F = }/Iz}/sthS(s +1){E ‘] (0)(H’I*WS) + E \] (1)(w| ) + Z J (2)(w|+ws)}
l (22)
1 1 3
—_ =y 7 +1){—EJ<°><M.ws>+ZJ<2>(w.WS)}
1
TR TEX A LB TEY®), K (21) &KX (22 26D &
1 _ 2 242 1 (0) T 3 o T 3 @ T
= n2S(S +1)| —F Spw__ 7 3¢
T Zn:%)/s & ){12 1+ (0, —ws)?7? "2 1+w,°7? "4 1+ (o, + oq 212}
1 2 2.2 1 (0) T 3 ) T
= Acl(l +1)<——F +-F
-I—l|S ;7/|7/S ( ){ 12 l—'—(a)l —a)S)ZTZ 4 1+(a)| +COS 22_2
(23)

Ly, BSOS L — b UTy 13

1 1

Tizz(%%j @0
n 1 n

L%, ZIZT, niFENHETNICE ENS T e FUECTH D, ZORERIZBWT, e haEE T L
= ARV A

7 =7,exp(AE/KT) (25)
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WZHED ETH 8, WIE L Tt idsX (19) ~= (25) 2o TRd D Z LT 5.

X (19) ~3N 25) ZHWTEIE L7z I DR, 414 OFFR (o= 2x10"%sec, 4E =0.075
eV) TrT. K14 0505 K918, 330K LR IAERRE CH LB LK LTWbH ok
ROND. ZOREFIE 330K L AREOIEAETE CIIKER-EPICEIT 27 1 b OREIDHHERE T
B CWAZ EARNEL TS, LnLaenh, K146 XK HIZ, 330K Fbl BizkiT 2HIE L
et () 1F, KFREEANICERT 5271 b OfEEiEE) (FH) MO CEY, 330K (IoiREE
D T ITHR D KERANTO T 1 N OB CIIEATE V. 370bb, Blo7 v ko oidEihkig
PHET D2 LB LTV, 22°C, JIEE (Bh) 2OEHEROEEZLLIE, KER-ENOT 1 L
> DFEESNOIEEN LS5 T OIREERAFE 2RO D LK 14 OFIE /2D, ZOFRD T 1% 338K
FHENBIRFEORIME & HITHFNTIINL T D Z E305. ZOFEFIE 338K LLEIZBW T, #Hilwv
70 hOEFINHEL TN ZEEBERL WD, £2C, 2070 hOEEICOWTERS. FHil
IHEERINC LML TV D Z &0, miRllcY—2 26
DIEENTH D LHEIITE 5. BT —r 243 5L, mu
B LT LR =25 2 LA ER L TR, hE/akEBiEs — RD
TiIe<, 7B FrOL O RERFINDVEC TND EEZ B
%. KEEAICH DT N L 0 RE AR 0I20,
IKEFEEOWHEEED 7a b OEBN WML 725, ZORE,
K16 1R LI, KBEEELWHEL, BlOMmEA L KFEEE
HIERT 57 0 b OiEEWE L 72D, ZOWE S Tl X

16.  RbaH(SeOu)2 IZF31T % SeOq

X (19) ~K 25) 2~ TRODH Z LN TE, K11 OFR (0= E@f%fszﬂkm

1x10%sec, 4E=03¢eV) L72%. ORI 338K (I 5/E *ﬁﬂ@ﬁiﬁT?@F

Ub7a k@ L OiEEZ AT 5HALE L<—H L. ke DRI 7 m
ko DR

IS OFERIE 338K LA IR T, AKEREAS DOWE & EECY I
JOFTNTE Z > TS Z & A2 B L CUND.

ZDEHT, Tu NAREREIMEE A2 TIN5 338K T, O b B —0OiREZ LR EN
L, @QENED L, QR KEREOWME S FEGIE T TS, ZIVHOHEFND, MaH(XO4), #
7'a N ARERICBWTEIIS LT 1 N AREORBRESIL, WENICE X HILTO DT R LF
—EfRT D L L bz b AR S, KEESOWHE L FRSIAE L, v b OMERER T
HODVFERNEBE T 52 LIV AELD LNEIND. ZORBRITHE T v M AREEEBIZRIT S
“Universal rule” DB L HEFITEITEBY, MsHXOs), 7’1 b OIS LI 27201203, WEN
EROBPET RV —2fifli L, =2 hr—Z2MNsws L b, 2oz —%27 1 b OiEdrd
DTN TE D 2 ENVBERRIR THD Z EERL TN,

5. F&OH

CIET, B7n MARERIRT 570 b AREOHEHE T 7 k2 A3ET 1 V) 1800 f5H V-
W, 0 motive force | XA AL S T2, AGRSUZINT, 0 Ro/KFREATIE 7 1 kN ARER
T % MdHXOa) IZIIT DT 1 b ARENED BTG A 58 EOBLE N B~ & 24, 0 RoT/KFHERE
BB v N AREYRIZISIT AT 1 N ARSI “Universal rule” 2362 Z L3y, Y
7 N AREMOFEBNNE, TR —DORIC LD 7 b OEE L 0N & T e
N AREAESZ 1T H T b B HIRIC K D RDT RN =Dy INEEREFRTH D Z L Hvon
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ol EBIL, KFREEIET 1 N AZBHR OB T v M AREHEORERNRZ, 72 2 NMR
EERENOHN, B0 N AREFHEEAT) D 70 N AREEEDIEINT 5 & WS TRIEERSRN, EOfiE
TS BRI KR A OWe L RN L VAT D Z L 2RNR L. ZRBORRIZE, 7o b
AREDOFR, T7ebbEL O b U A B X W 5 HIEOBEERITR A CHIR e fifi 3G &
NTNW5EEEZBND., BT RLFX—DOfIZE Y 70 b OFEFT R LX =M L, 71 b O
EOHINZL Y = hr B =R T 5 LW o Te B2 1Y, MM A0 7 e N ARBERIZBW T HIEH T
XD EEZBND. M FHRT T MARERIIAFNC LY, @70 b AREM AR, AKFREEICH
D3 AR ~— 35t (GRAEM) 2R L, ARINCEROEERITED 5. KT e R o oss
pIEZ NS, v hOREIZE D= b E—0KEZE. OO EEBETHE, K
2L, A AR ~—NOT 1 N ATEORD & b B —0OHRIZ LY BN S - v
F—ZEINHL L, 70 MAREEFHL QD EHEIICE S, ZORMIIKER ST 1 N ARE
RO LMD T I BITWS. BLED X ST, B0 b ABHAICINT, B/ — L E#o gL
F—LDNT A, T ha BRI D RO T —DD &L WS T B A 7 OfREDH
B ATIND &, Bix B B THT RIS SN 5125 9.
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