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Development of molecular crystalline electrolytes for all-solid magnesium sulfur
batteries

Moriya, Makoto
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In this study, we attempted to apply supramolecular crystals with ion
conduction paths, which we have focused on before, as a magnesium ion conductor for an all-solid
magnesium-sulfur battery. We synthesized novel ion-conductive molecular crystals by using magnesium
bis(trifluoromethanesulfonyl)amide as a starting material, based on the components of the previously

reported electrolyte of rechargeable magnesium battery. We also succeeded in the crystal structural
analysis of the obtained molecular crystals and evaluation of their solid-state ion conductivity.
Additionally, we fabricated molecular crystals containing aluminum ions by the reaction of aluminum
bis(trifluoromethanesulfonyl) amide and various organic substrates.



MgS

MgS

MgS

MgS

{N(SOLCF3).}

Mg(BH.)-

AI{N(S0:CF3)2}s

(1) Mg{N(SO.CF3)2}-

Mg{N(802CF3)2}2
[N (CH3)4] [N (802CF3)2] y [N (CH3)2(CH2CH3)2] [N (SOZCF3)2]
[N(CHs)] [Mg{N(S0.CFs)-}], [N (CH;()Z(CHZCHs)z] [Mg{N(SOCFs)2}s]

[N(CHz)4] [Mg{N(SO-CFs).}]
Mg{N(S0,CF3)-}>  [N(CHs)4][N(S0.CF3)] [N(CHs) 4] [N(S0CF3)]



[N(CH3)s1[N(SO:LCF35).]  Mg{N(S0:CFs)2}-
[N(CHs)4] [Mg{N(SOCF3)2}s]

X [N(CHs)] [Mg{N(S0,CF5).}:]
N(SO.CF3).
N(SO.CF3),
N(SO:CF3),
N(SO.CF3),
N(CH3),
1 [N(CHs)4] IMg{N(S0.CF5).}s] (€)) ()
{N(S0,CFs)2} ©)
N(CHs)4 Mg: C: 0: N: F: S:

[N(CHs)2(CHzCHz)2] [Mg{N(SO-LF3)2}:]

[N(CHz)2(CH.CHs).] IMg{N(SO.CF5)2}:] [N(CHs) 4] [Mg{N(SO:CFs)2}<]1
[N(CHz)2(CH2CHz) 2] [Mg{N(SO0-CFs)2}:]
X
[N(CHs) <] [Mg{N(SO:CF2)2}<] [N(CHs)2(CH.CHs) 21 [Mg{N(SO0.CF5)}:]
N(SO0:CFs),
N(S0:CFs)»
[N(CHz)2(CHzCHs) 2] [Mg{N(SOCFs)2}:]
N(SO:CFs);
1 N (SOZC F3)2 cis

N(S0:CFs)2

N(CHs)2(CH2CHs).



2 [N (CH3)2(CH2CH3)2] [Mg{N (802CF3) 2}3]
{N(S0:CF3)2} ©)
N(CHs)4 Mg: C: 0: N: F: S:

[N(CHs)2(CHzCHz)2] [Mg{N(SO:LF3)2}:]
[N(CHs)2(CHzCHz)2] [Mg{N(SOLF3)2}:]

[N(CHz)2(CH,CH3) .1 [Mg{N(S0.CF3:),}s] 20 °C 70 °C
10* S cm? (at 70 °C) Arrhenius
90 kJ mol™ 70 °C

{N(SOCF3).}

[N(CHs)2(CH:CHs)-]
[N(CHs)2(CHCH3)-]

(2) AI{N(SO.CF3)2}s

IN(SO.CFs)o}2
AI{N(SO,CF5):}s
AI{N(SO,CF=):}s
AICI; H{N(802CF3)2} 1:3
80 %
AI{N(SO0,CF5):}s
-30 °C
(CH:OCsHz)

[A1(CHsCN)6] [N(S0.CFs)2]s
[AI{N(S0,CF5)2}3(CH:0CsH10) ] [AI{N(S0:CF).}3(CH:0CsH10) ]
40 °C 107 S cm?
NMR

(3) Mg(BH4)2

Mg (BH.)-

C)

1.6 x



{N(SOCF3).}
Mg(BH4)2 -30 OC
Mg (BH.)-
Mg (BH.)-

2
Makoto Moriya, “ Construction of nanostructures for selective lithium ion conduction
using self-assembled molecular arrays in supramolecular solids” , Science and Technology
of Advanced Materials, 18, 634-643 (2017).

6, 482- 493,
(2017).
13

AI{N(SO.CF3).}s

86 2019
Na{N(S02CF3)2}

2018 2018
44 2018

Makoto Moriya, Supramolecular Crystalline Electrolytes with lon Conduction Paths for
Selective Lithium lon Diffusion, The 3rd International Conference on Emerging Advanced
Nanomaterials, (ICEAN 2018), 2018

, MJIN(SOLCF3)2]>  [N(CH3)2(CzHs)-] [N(SOLFs3)-]
. 85 2018

85 2018

43
2017

2017 2017

2017 2017
Yui OKi, Moriya Makoto, Synthesis of lon Conductive Organic lonic Crystals by
Increasing Steric Bulkiness of Counter Anion in lonic Liquids Using
B(CeFs); as Lewis Acid, IUMRS-1CAM 2017
8 2017
Mg{N(SOZCF3)2}2
8 2017

7 CSJ 2017 2017



Moriya Lab. Shizuoka Univ.
https://sites.google.com/view/moriyalab/home

€y

@



