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Development of molecular crystalline electrolytes with ubiquitous ion
conductivity using supramolecular assembly
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We investigated the construction of ion conduction paths in molecular
crystals composed of magnesium salt and organic compounds using self-assembly and crystallization
process to obtain novel solid electrolyte materials for all-solid batteries based on ubiquitous
elements. Molecular crystals containing magnesium ions were synthesized by the reaction of Mg{N
(S02CF3)2}2 and ether solvents such as glyme, THF, 2-Me THF, or cyclopentyl methyl ether. Crystal
structure of the obtained compounds were revealed using single crystal X-ray diffraction study as a
model of the solvated structure of magnesium ions in electrolyte solution and the solid state ionic
conductivity of these molecular crystals were also estimated by ac impedance method. We also
developed molecular crystalline electrolytes using sodium or lithium salts and protic acid as a
starting material.



B X C—19. F—19—1, Z—19.

1. WFERIRE PO 5

B OENFERASCHAENRET RLX—
DAIERNCNT , BRPOLEAI TR ¥
—HBEIZEND R ZRE 2 E RO
HITWD, KR MMEAKFPICEEIZEEND
FRIU T AL F LRI R T LART IV
ZULE WD T TN ENITH DS
4B A A OfA) & TEIREMREOF]H
A DY 2EER T EX 2 28 IR
EAIIMAR T & AR, Z2ertm ke v

STEBEIP O RN S TWD, LavL,

ZO XD BB OBEKREMREICET S
WFFEDRE A < . FREGE ST 72 R
+CERBER TRV, £ MR A 4
VB LTI EAE P TR & AR FRE M ALE
RAN@ < 720 A 4 A ENARE I KT
b5, O OBEHAMEIOFHESGE I T 5
BFge & & HIT, HEH 22 B IR E ML O B3 HE
HEENEENR TS,

ZAUCK L, BEEEIZIV T U AL AU EN
ALEF ¥ X EE RSB T OAME
FERILIZE YD 20T ¥ R AUBRERE LA A
NEERRAERT D Z LTI LTEY,
SO ZOBERREN LY FULLL
v OB AZEEORB L R L TWD,
CHITES AR ER L T 50 TRmD
FLWEREREMEE L THETHD Z
EETRBETHRERE VR D,

2. MR AR

REEE B L C&E 7 i E A 1k,
BERA T T =0 NyTEn D =FE
HOBEEZENSRY . AW D 5T =40/ y
F ORI U TE A o #E & 6 E % 5
FL_LTITHY) ZEMARETH D, S HIT,
I O ERIIEE SRS E =0,
NRADOHEEZ KB b SED 2 &b, BE
WZHIEET 5 2 & b TES TH D,

AW SRR Tl b i DO FF > Z Ok 72
B EITRA L, A B8R EFT 52
XX ABEA T AREEROERK E | AR
O & BARE & LT o RERE 2
fih & U 7oA IE— A BA AT L D R A, B
B 7 EAREMREMEL 2B T 27200k
HEHAEET LI LA AT L L LT,

3. MEDFHE

REFFETIE LR DA A MR E R R EE
o al NI AV NI G/ SV VNN - a1 e )b St
AW FREROAMICEMAT S Z sk
D, TNHDOIEX X AEBA A BRI
WCRE ST EREMEI 2T 52
L ERLT-, B T IRE E L CORILA
BESTWNDHEIY TR T A REMIZIEHE
PR Gl = S/ 4 VAV o 195 =N
B FhE e OB R E BRI LT,

OB, Hx RO A A UMEE R B

CK—19 (Jtm)

WA A7, ABEASAEHRT AT L
TE—T VIR R 2 Y Tz, i 7piEih
EKEFoz—T VT EEEELTHWS
Z LTk, G RO TR A R
MEYICAR LEME L LTl 2 RHH
iD=, F2 GO OB
X BEEMRAIT 21TV, B S LD A 4 v iniE
NRADHEEZA ST D &L BT, &R
DX T =F U RERIZH WD FH% 5 1 O
MR N 2 DG IC G 2 D B 2 K
HZEITEY ., G ERE ORGHEEE
ZIZHLY fBA T,

Fo, TRV T LA A UARERDOBSE &
YATL, VF oL, FRYU DA, o bar
BT REROBIC LIV HAT, 2b5
IZOWT ., &6 N3 ks S AT &
A FAREERE 24TV, HEE L Rk o
FH B AR B & etk Bl g 7o bRk ER AR A
DI AT,

4. WFFERER

() =72y afga bR EEE Lic A A
RIEPES) -k i

Mg {N(SOCF3) o} 2 IZHRF L, $HE DRI BT F
A L, THF, 2-AF )L THF H DWW 7 a2
VFNAFNT—TINEEREIEDLZ &I
£V, —HO T REfRb AW & BB 0O B
fhgh & LT, Z OGS ZE AW T X B
WERRT 21T Z kv, B oiEE %
Sz L,

TIA DI DOWCEE ) T T, U7 T
AL, NUTTA4L0=ZFEHEOEEIZOWT
et L7c, 2o D5 FhEmIc OV TIE, fl
ERERMTICHEET D720, ke To
AF U MREMN A ERIZHET D2 LT
TRino T, B EL X B EAEATIC K 0 2 D
HEZH LN T B2 LICS Lz, LLTFIC
AR OFEREEIC O OWTHBEE LD 5,

* Mg{N(SO,CF3) o}y &EF ) T A DNB 72557
T

Z D it 1& Mg (monoglyme) 5] [N (S0.CFs) 5]
L LTE LN, ASEMNEIFRHEEEL &5~
TR TEAFLCH L TESFDT T4 A
NT—T )VERFEZ I L CRNL L7 % &
S THEY ., NSOLFs) o}, 7 =A i 3ERE L 72
#ig s o Tunie,

« Mg {N(SOsCF3)o}e & T T A DI D50F
i B

T T A e Mg {N(SO.CFs) o} 0 & DEED 6
BT AN OW T, e DOED 45 Tl
L EDORBEIZIIEZEL )2 T2b DD,
(Mg (diglyme) 5] [N(S0CF3) 2]z &V D K T
HZEBMER LT, B/ TTA4 L, EDOis
NHELNZE S IFIERERIC, AENALO~
TR AP ZFDY T T4 LD
P L7MEE L > T T,



1. [Mg(triglyme)s] [N(SO,CFs)o]s D A F A
VERAL DL dAEIE (Mg: &%, 00 IR, C: JK, N:
#H,Fr dkE, St i)

* Mg{N(SO,CF3) o} & U 7T A 2B 72557
T

N T T4 LEDRIGITEYBTZERY
X [Mg (triglyme) 3] [N (SOZCFS) 2]2 L Tﬁ’%" 5
iz, Edo —fHEEOLEY L REIC,
(N(SO0CF3) o} o 7 =A T~ 7 322 7 AL
HEEE L T\, £l RV LA TN
X 0FD RN T T BENEN DD
T4 b=y NELTENT DI LT,
IHL L REEEEE S TWNWDH I L&k
BLIEZX 1), F¥2, o hEon=#Ex
PRERBTEAL D IR STV Mg [N(S0.CF3) 2], D
MU T T4 LR TORBERMEE L B
HD Lo TN, ZORRIZ, HxBEY
MLATWD [ 7hEdaZ R L il EARE
BB OBARE | (2R3 DHF5EA, BARIE D
RIS IS L CHEMTE S 2L %
BT 260E B0 R 5,

« Mg {N(SOsCF3) o} s & 7T A LS D= —TFT )1
(BB 72 5 45 i 5

THF, 2 AT )V THF, 7 aXoF )X F )
T —JF )bt Wwolrxz—TILEYE
Mg {N(SO.CFs) o} ICVER & D Z L TH, Zh
LOEEN TR T LA A IZEANL LT
HHSFREmEEL Z LI LTS, &
TA LRSS E L TR, 22T
BonlR B O~ 72T AL F T A
BRIV & & HIZ{N(SOLCFs) o} o 7 =4 > HBLNL
LTz,

NS OB IR AT REIR R R R T & —
EEASE s Ay N/ SV Ay NN 7 s
WX LT, 7942085725 L — ML &
THIENRTERN, ZOX D REKEEIC
HOoNDENMEEROEVIZL > T 7R
U LY OB ICRE BN LD E N
mbDEEZTND,

Fo. AW ERILE ONRE 22 A R
RKELRBITOH, (N(SOLFy) oty T =F 2D
2 TR T AT ~DORNMNPMEE I D
HAH D &b R Lz, EEOY A X1

KICHED MR L~ 7 2V 7 L8 O
BICREREEEH2ZDERLER->TWVD
ZEMTRBEND,

I TELNTE ZREO SRR IZ O
TliX, 774 L EDRIEHBE LN TZFEHT
AT, @MW EZAT 52 & 2R LT
Do FlrZoORICESx | EERETOR
WA =X AREEITH T2 Z A 107S
em ' FBETIEHA OO, BREFMETTA A
fEMERTZ ERER L, ETI9I v/ E
IR Ze i S~ 7 R 0 b YR L ) [E]
REMRE OB DR IINZITOIL TV D03,
BER O BIREM B Tl A F B D3 E
WCINEAAE B 200 BURTH YD | AFHIF 2 0N
BB X O IR TA A 58 2R
THNIEETH D, S5k, BEOWEZIT
Zlizk Yy, RERORE L SRR To
2 TR AA T ANEZEOFEANBLR &
HTETHD,

2) VFUL, FEITL Ta b AzEHE
DFEBLA AR & U THTHL -k G DB %

tI7 Iy AEMEICA LN DIRE AR
BN LA A E R ~—EME O X
5 RIS REME A N LT, 3 L WEER D[
WEMEORBEEER L, 7T =4 %
BT 5 4RI O BRI & 72 B R AR
DA% 2 ATz, oA XA HE, litko
BB EAWCEREE B KT 5 2
D T /BN e a2 L AN R U U S
OEEPICHERET L L 2RFT LTI,
Li[N(S0.CF3) 2] & Mg[N(S0,CFs) 2]y & D WML
Mg [CF3S051 2> & 72 D i tEAL & & SRk L .
RA v E—H L RAFEICE Y ZDA A 5
MEARE L7 ZA150° CTO0.5mS em’!
VD R E A A BN 2 oR RO
ERLHZ LI IIL, £, frDT I
HENFUT =4 26T 20K E DK
SR D BRI bR A & D |
ZORRETA A U MEEMEZ R T —#HO A
AT THEERR G LI LRI LTz,

5. TreRFiR T
(WFFef . WFges a8 R ONEEERF 928 1
LR

UiEEsm=a) GBH 1)

@D Makoto Moriya, Daiki Kato, Yoshiko
Hayakawa, Wataru Sakamoto, Toshinobu
Yogo, Crystal structure and solid
state ionic conductivity of molecular
crystal composed of
bis (trifluoromethanesulfonyl)amide
and 1, 2-dimethoxybenzene in a 1:1
molar ratio, Solid State Ionics, 2016,
285, 29-32. WA

(F=sedk) (B 13 1F)



KHEMEW, PRIk =— T VRIEEEDST
RIS~ 7R DA A DYSIEFN
W2 5 % D8, BRALFRE 84 [FIK
(201743 H 25 H HEHEIRFHER K

FENF 1)
K &A1=, 5F A 3 : Coordination

behavior of {N(S0,CFs),} anions toward
magnesium centers in organic ionic
matrix, &5 26 [A] HAS MRS 42k K% (2016
£ 12 H 20 B BEETIBAVERLGEE PR
JIRAR I )

KHEFEA, SFAHK : Solvation structure
of magnesium ions in cyclopentyl
methyl ether, &5 26 [A] B A4S MRS ARk K2
(2016 4 12 H 20 B BRI BAVS R AR
AN BRI 1)

Yui Oki, Makoto Moriya : Lewis acid
modification of thiocyanate anion in
ionic liquids and sodium salt to
fabricate solid ion conductor, The 11th
SPSJ International Polymer Conference
(IPC2016) (2016 4 12 H 16 H & [E
Braxaess A SR Am R )

KHEFEV, SFRM : ~ 732U L% A
WG DAL & IR EBIZ BT 5
A T ARENE, A2 [BIERA A =2 A5
e (2016 4F 12 H 6 H A REES
W EERA R

KiAET, SFRH : ~ T R T LEHA~D
BEEA T Ay« T =4 OEANZL DA
T AREMEOM L, 5 4T [\ e
BB IEBEEKERE (2016 4 11
A6 H BREEmRTRTY ZmREE
1)

Makoto Moriya : Molecular ionics in
supramolecular assemblies with ion
conduction paths containing lithium
ions, EMN meeting on metal organic
framework (invited) (2016 4% 6 H 14 H
TE HE)

SERFR. HRE KRS, SR ASE, SR,
REEFUE - o RS ORI Z R L 7= Hr
IRIRE R EME (salty-gel BREE) DB
I & TIREMASDIGH, ERILTRE 83
[FRk£> (2016 453 A 31 A KKK K
BROFFR H )

KHEFEH, SR : ~ 72U A% H
W TR TR R O A R & B AR~
DM, \EXUEFRE 83 BIRkE (2016
3 H 298 KBOKRT RIS

Makoto Moriya, Shohei Nabeo, Yutaro
Hanawa, Wataru Sakamoto, Toshinobu

Yogo : Development of novel quasi—-solid
electrolytes composed of 1lithium,
sodium, or magnesium salts and small
amount of organic solvent
Pacifichem2015 (2015 4F 12 4 19 H %
EAT 1))

SFAER - Molecular ionics using ordered
arrangement of supramolecules in

crystal lattices, 5 25 [A] H AS MRS-J 4F
R a2 (KMEGETH) (2016 4F 12 A 8 H 44
BGOSR PR BRI )

@ KR AFLL. 5T 3 : Lewis Acid
Modification of Counter Anions in
Tonic Liquids for Novel Solid
Electrolytes, 25 25 [A] H A MRS-J SER K
2 (2015 45 12 A 8 H RV BABE L&
B PRSI R )

@ Makoto Moriya, Shohei Nabeo, Yutaro
Hanawa, Wataru Sakamoto, Toshinobu
Yogo Development of Salty-Gel

Electrolytes Composed of Metal Salt
and Small Amount of Organic Solvent as
a New Concept for Organic Solid
Electrolytes , 20th International
conference on Solid State Tonics (2015

F£6H16 H KEF—Ab—1)
(KE) Ghom)
(PEZE FEME)

OIRdL G2 1)

AR T N AREVEEARE K O EHE
A - SER. IR B

e RNES AV NE ST YN N

FEXE : B

&5 . KEFE 2017-037033

HIEEEH B 201742 A 28 H
EWNAOR] : [EHN

AW BRPEMEN, ROV ARV TIRE
i)

A - SERR. K HFE

I RNES AV NE ST YN TN

FEAE : B

&5 . HEFE 2016-054245
HEEEHA B 2016 423 A 17 H
EWNAOR] : [EHN

OBAHRIL (G0 1)

(Z D)
R DR — D

Rl KT SFARMSEE =7 YA b
http://www. ipc. shizuoka. ac. jp/ tp648242
/index. html

6. HFFTHLER

(1) WFgefdss

P4 3 (MORIYA, Makoto)
FRE K - BREAES - GEAD
WF9eE 35 70452208



