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While many superionic conductors for light alkali metal ions (Li" or Na*) have been developed based on ceramics
and metal-organic composite materials, fast ion conduction of larger K* ions in ambient conditions has long been a
challenging target because of the large ionic radius of K" ion. Recently, our research group reported a unique
supramolecular framework of the nanometer-sized spherical metal complex (K-NCIS), which shows excellent K*
conduction of 13 mS/cm at room temperature. Although the presence of many solvated water molecules in the crystals
accelerated the K™ conductivity in K-NCIS, the mobility of K™ was not frozen even below 0 °C owing to the anomalous
behavior of water molecules filled in the crystal lattice. The high transport number (f) of K* for K-NCIS was proven by
the NMR spectroscopy and ion-diffusion experiment in the solid-state. An ongoing study on constructing all-solid-state
K* batteries using K-NCIS as solid-electrolyte will also be described.
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Fig.1 Advantage of all-solid-battery using solid-electrolyte.
(Color online).
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Fig.2 Automatic Formation of large inter-particle spaces in the
crystal lattice of spherical metal complexes. (Color online).
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Fig.3 Synthetic route and crystal structure of M-NCIS. Orage
area indicates the inter-particle space in M-NCIS. (Color online).
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Fig.4 (a) RC circuit and (b) Nyquist plot of K-NCIS at 200 K,
(c) 230K, and (d) 300 K. (e) Temperature dependence of the ionic
conductivity of M-NCIS and their (f) Arrhenius plots.
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Fig.5 Nyquist plots of K-NCIS with Pt/C electrodes under N2
and H> atmosphere. (Color online).
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Fig.6 (a) Solid-state 7Li, **Na, and ¥K NMR spectra of M-
NCIS and (b) the ionic conductivities calculated from the solid-
state NMR spectral data ( A ) and the AC-impedance
measurements (O) for Na-NCIS and Li-NCIS. (Color online).

1. RERDUDLF v RILEDELHE

K-NCIS D @EW\A A N8R 2 BET 5720 Fx H
HE L TV D0 F Lo OREHEIC DN T, ?E_ﬁﬁ
T 5, HfEdm X SEETERIC L D &, BERK LD
FEmANEMOR b RNE ST L% 400 pm TH D,
[K(H20)a]*DERE (464 pm) £ D bV, Z4UIE, [K(H20).]
75“%@%1{ASEIJ%%E%W’“%):&%?%’ET“&;%:&%%L
TW5, 20Ok, Fxid, [KHE0). DAL, &R
B =F UV NAFETDEHO I VR T L— M ELFER A
L7 N O HmBT HMEZIRREL T\ 5 (Fig.7), EBE, K-
NCIS OfE A EFIIE, B LR L— FEBHEA L
KA AU b BHlESN TS, /- T, A4 zE 2B

1%, KA ZLVLODEE&%%?@@&FE%&&EJ‘@%%T%é e
EINb,

HY T EA TN H LRV L > TRIEBE L7223 5
B/ NV A IE T D PEBUEREIE, RERRDO K- F v L4 v
SRIED LEELL TV D, A v F v 1V ORERE & AR
HZNTHZREL LT, A4/ 77N b T05, L

Netsu Sokutei 49 (2) 2022



Tt i TN OKPIEST T 20 Y 7 LA F ARE

ML, K'F v R 2RISR LTS Mo A T 135
LENTELT, Zo/lEwRmHToOflEEbind,

g oo g o

K-,
H0 Y OH2
OH,

H,0
10 OJ\O o/Lo OLO ’
i i

H,0
H0 z

0 o ..
o
b 7’ H0

H,0  HO K

0O 0, 0 o .
H,0 Oj 7/ ?’O H:0

OOO

H,0 H,0
) 'O/go O/LO O)QO ’

|:> H:0 R H;0

00 9.8 Yo
H:0 j j/ 7’0 H.0

H,0 ,o’ko ,O’LO -O)QO

H0

2

®-
H,0 ) OH2

OH

o 0.0 o Ho

ol il

Fig.7 Proposed conducting mechanism of K* ions in K-NCIS.
The coordinated water molecules were smoothly exchanged with
carboxylate arms from metal complexes. (Color online).
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Fig.8 (a) Potential window of water molecules and the redox
potentials of K2Ni[Fe(CN)s] and CsCl4O2. (b) Charge-discharge
profile of the all-solid battery using K-NCIS, KoNi[Fe(CN)¢], and
C6Cl40z2. (Color online).
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