Supplementary Information (Sl) for Materials Chemistry Frontiers.
This journal is © the Partner Organisations 2026

Supporting Information

Organic ionic plastic crystals composed of

tetrahydrothiophenium cation with high conductivity

Keita Inoue, Yoshifumi Hirotsu, Yuko Takeoka, Masahiro Rikukawa,

Masahiro Yoshizawa-Fujita”

Department of Materials & Life Sciences, Sophia University
7-1 Kioi-cho, Chiyoda-ku, Tokyo 102-8554, Japan
E-mail: masahi-f(@sophia.ac.jp



mailto:masahi-f@sophia.ac.jp

Weight / %

(a) (b) ()

[C,thtJ[F SA] —— [C,tht][TFSA] —— [C,th{)[BETA]
100 —— [CAhtIFSA] 100 —— [Cthi][TFSA] 100 —— [C,thi][BETA]
—— [C.tt][FSA] —— [Ctt[TFSA] —— [Ctht][BETA]
80+ 80+ 80+
60+ 60 60+
40+t 40+ 40+
20t 20¢ 20+

0 1 1 1 0 1 I L 0 L 1 L
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500

Temperature / °C Temperature / °C Temperature / °C
(d) (e)
[C,th][TCM] [C,thi][CFBF ]
100 — teymyrony| 100 —— [CANY[CF,BF,]
—— [C,tht][TCM] —— [C,th{][CF,BF,]
80+t 80|
=S
= 60f 60
2 .
= 40 = 40}
20+ 20+

0 - ‘ - 0 - - -
100 200 300 400 500 100 200 300 400 500
Temperature / °C Temperature / °C

Figure S1. TG curves of tetrahydrothiophenium salts. a) [C,tht][FSA], b)
[C,tht][TESA], ¢) [C,tht][BETA], d) [C,tht][TCM], e) [C,tht][CF;BF;] (n =1, 2, and 3).



Table S1. Ionic conductivity of tetrahydrothiophenium salts at 25°C.

sample o/Scm™!
[Citht][TFSA] 6.59 x 107
[C,tht][TFSA] 2.54 x 1077
[Cstht][TFSA] 7.18 x 1077
[C,tht][BETA] 2.80 x10-6
[C,tht][BETA] 9.86 x 1078
[Cstht][BETA] 4.04 x 104
[Citht][FSA] 1.50 x 1077
[C,tht][FSA] 2.07 x 107
[Cstht][FSA] 3.09 x 103
[C,tht][CF5BF;] 339 x 1077
[C,tht][CF;BF;] 7.19 x 1074
[Cstht][CF;BF;3] 5.14 x 1073
[Citht][TCM] 2.00x 1073
[C,tht][TCM] 8.19 x 1073
[Cstht][TCM] 6.45 x 1077




Figure S2. Schematic diagram of ellipticity parameters.

Table S2.lon radius, &, and &, of tetrahydrothiophenium salts.

Sample Ton radius / A e €
[C,th] 2.94 0.51 0.17
[Cytht] 3.08 0.27 0.13
[Cytht] 3.22 0.14 0.03
TFSA 3.34 0.16 0.12
BETA 3.68 0.12 0.10
FSA 2.87 0.24 0.23
CF;BF; 2.68 0.48 0.46

TCM 2.68 0.95 9.14x10°6




Table S3. Ion radius ratio of tetrahydrothiophenium salts.

Sample Ion radius ratio
[C,tht][TFSA] 0.88
[C,tht][TFSA] 0.92
[C;tht][TFSA] 0.96
[C,tht][BETA] 0.80
[C,tht][BETA] 0.84
[C;5tht][BETA] 0.87

[C,tht][FSA] 0.98
[C,tht][FSA] 0.93
[Cstht][FSA] 0.89
[C,tht][CF;BF;] 0.91
[C,tht][CF;BF;] 0.86
[Cstht][CF;BF;] 0.83
[C,tht][TCM] 0.91
[Catht][TCM] 0.87
[Cstht][TCM] 0.83
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Figure S4. 'H NMR spectrum of [C;tht][FSA] in (CD3),CO.
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Figure S5. 'TH NMR spectrum of [C,tht][FSA] in (CD3),CO.
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Figure S6. 'H NMR spectrum of [C;tht][FSA] in (CD3),CO.
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Figure S7. 'TH NMR spectrum of [C,tht][TFSA] in (CD),Cl,.
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Figure S8. 'H NMR spectrum of [C,tht][TFSA] in D,0.
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Figure S9. 'H NMR spectrum of [Cstht][TFSA] in CD;0D.
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Figure S10. '"H NMR spectrum of [C,tht][BETA] in (CD;),CO.
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Figure S11. '"H NMR spectrum of [C,tht][BETA] in CD;OH.
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Figure S12. '"H NMR spectrum of [Cstht][BETA] in CD;0D.
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Figure S13. '"H NMR spectrum of [Ctht][TCM] in CDCl;.
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Figure S14. '"H NMR spectrum of [C,tht][TCM] in (CDj3),CO.

(8) __(a) )

(b)@(b)

(C)H(d)

(e)

(CH;),CO

(d)

Figure S15. "H NMR spectrum of [Cstht][TCM] in (CDj3),CO.
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Figure S16. '"H NMR spectrum of [C;tht][CF;BF;] in D,O.
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Figure S17. '"H NMR spectrum of [C,tht][CF3;BF;] in D,O.
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Figure S18. '"H NMR spectrum of [Cstht][CF3;BF;] in D,O.



