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Molecular and structural characterization of vulcanized TTCAs
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Mechanisms underlying the improved battery performance of the Li/S-TTCA-I cells

Li/S-TTCA-T #} Li/S A=Al v]a] Li/S-TTCA-1-A9] €13d] & HA 9 Hd5& A5 oA gE Fol&9
ol HHHE AYS ofget B2 AFS FalA FAdrh. ol#le] Randles-Sevcik 218 ©]&3d|A S-TTCA-
I, S-TICA-1I, Ze]a S-C A=e] 2lF ol it ASE 1317 Yeld 3 AFdd 2498 13 o,

L =269 x10n an"v ", (1)

i

A7IA [, = A8 AR/, n & ol FofsteE AR £, 4w A WA, ve 20 X, aga e A
Holl 23 g F ol&wkolrh. S-TICA- 19 tlE A AF A= & 6boll =A Hof gl

10

Lok v’ A8 BANA S-TICA-T A=roll thalA C1 = 9.5x10 , €2 = 3.0 x10 cm /s (cathodic) 1|3l A =

4.3x10° cn’/s (anodic)®] A3E Aglom o] 4= S-TTCA-11 A=9] (C1 = 8.8x10 ~, €2 = 1.2x10 , 2 A
= 2.6x10  cn'/s) F Bub 2.78] © A= AL vt o] ® 6 Ea o 4
TICA-19] R T2 e 3AA40R 2 Add /TS BAA oA dsjde] FRARY He
A oz gF ol olx&HTE AT W E S-TTCA-119 2392 Q 150vte]a 2 nE e T/ He
F oo]eo] A&aA olEali= AL oxdTh. wa S-C Ao g W ), @ (Cl = 8.0x10 |, (2 =
9.5x10 . and A = 1.5x10  cm’/s) TICA 3L@]9] o]x} ofwl 123 p Hxto] o3 AR aE ko] w9 AT
A7t BlE Gol olesEEE AT AdgE =2 5 A S
% 4b9] XRD XS A3k TTCASIA N-N A7} 3.7 Aola, o}l 189 p-stacked 14 sheetsE 60% 3
oz wdHo] S HoET),

S-TTCA-1 A=9] 2lF o]L olF&rol AHLE Li/S-TICA-1 A=e &% ™o F3Ha A vebd), doll A
B 4 9lZo], Li/S-TTCA-1 A=Z2 0.1CoA] 1210mAh/g, 0.2ClA] 1090mAh/g, 0.5CelA 1030mAh/g, 1c<>1H
872mAh/g, 3CAlA] 803 mAh/g, 13 5CAlA] 730mAh/ge] 7+ A Q whd &8-S RlT),

% AR SEE 6O A 7 AAS W o8 Se] 452mAh/goR Bol AAshAu, thal 0,102 AR
5 GAFA U9 1053mh/g0R Qdle] BAEFE FBReE AL & & vk o AE-F AAeIA &
o wWe wHol 4B 5ol

A=
=
j o
=
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SroAM HES JPEse W, LdurHd F718 AdSe -

A TH(1C 198 mAh/g, 3C 129 mAh/g, and 5C 102 mAh/g). A
Li/S-TTCA-1 A A= 450 Alo]E71#] & Folun], ojuje] W 852 850mAh/g (83%2] &% F21&)3 99%2

Preparation of trithiocyanuric acid (TTCA) co-crystals (E#}to] Alo]@ Alol¥f@ A= co-crystal FH])

TTCA-T 3} TTCA-IT co-crystals & T3t 243t §ulE ARESiA Fnlghel. TICA-1¢] 79~ TTCA (98%, TCA)
= dimethylformamide (DMF, 99%, Alfa Aesar) 18]l &5HF< 1:1 co-solventol] =< & 0 TollA 24A]7H&<t
ARE AT AAE 2AHE ARE FA FHE L Fokde &uE AAsH] AsiA 40°C g A 244
F Azx3TIY. TTCA-11 co-crystal®] 4% TTCAZ acetone (HPLC grade, J. T Baker)oll =< & 50ColA &wj
2 AAST. TTCA-1 = TTCA-11 co-crystalsS AW 3al w=aMS =),

Synthesis of S-TTCA-I1 and S-TTCA-II.

S-TTCA-1 3} S-TTCA-1I& TICA-1 3} TICA-IIE AXE FPoz Agair 3 JdLehy AHdoz gAHAT).
g3t o] 3vHA AL AT (1) TICA-1 I} TICA-I1E AR ol EAstE &mS AAs7] 98] 160
ColA 7kdettt. TICA-1 ¥} TICA-11 AA o ZHE §ujo] AAE AAe FHLEE ®s A, (2) 442
HE &ul AAZE Fud ve] 2AE e s A (0#71 A %wr AR F7 vl 3:1) A& F 160 Col
A 10417 Bek S TICA 724 Ho= Asit. (3) EFEELS 245ToA 2417 B¢k ¢ 71ds] F=dl, o]
= TICA #xA19 thiol ¥WS wel & 4o g %Q% el Ay ZAdddes FAs) $gelt).
S-TTCA-1 Z12]al S-TTCA-11 ZA¥EL& X3 248w},

Morphology and structure characterization (el Zrgly FZo| 49)

A8 A/ aga JpEhs Fo] TICA 2749 Fel= 338t A H 3 (Zeiss axio scope, Al) A
AbARF ) (FE-SEM, XL30S FEG, Philips)S EsiA FH3lch. 24 Ao &3 X-A1 3]d B2
A4 (PAL)S] 9B HRPD(aLE-3ss 2 31d) Hgkel (34 A= 1.4640 AolA AP3c}.)

Fourier transform Raman experiments (FT-Raman)

T4 guk ~AFAEZE= WITEC Alpha 300R Raman spectroscope (WITec, Ulm, Germany)E AM&3|x4 =4 glo
i HeNe #o|AE AF&3Tt. B37)9 &7 Ea5S 250 vh=r|goltt. #Ho]x] o 7](excitation) I+ 3mWo]
st Algglon | o= A5 FHolAd 9g 944 &g 9] 9ol

Analysis of chemical states and sulfur contents in S-TTCA-I and S-TTCA-1I

FAAREEE (XPS)  Age wAe] AI-K XA wEel AHAA EAV)E AMESHE Escalab 250xi
spectrometer & ARE3U}. CA-1 I} S-TTCA-I1IelA 2ol FAE AAS] Yair A 317l A 25—550°C
=99 10 C/min9 7} E2 dF5E BA(16h) Ades Mdgsisict. ol vhes o d3&E9 &

]Eﬂ‘r—‘f ko] & A7) HU} o] 3} A+ Hy A& B (ESI-TOF, compact, Bruker)S E3fA °1»Mﬂr.
E337]= source =% 180 T, capillary A9 4500 VollA AP, A= B47]9 n/z8 Y+ 50-1,700

&

DY) l>
i of

23

Preparation of sulfur cathodes (3 A= FH])

S-TTCA-T ¥} S-TTCA-1I =2 60 H=% S-TTCA-I (EE S-TTCA-11), 30 H=F% 9 Super P &4 (Alfa Aesar),

and 10 Z®% of polyvinylidene (PVDF, Solef) ®}IQIT|E NMP (Sigma Aldrich)ol 59 & ol=3 FHA =
A (MilIMM400)S &gk, dubdel 3 A= 3 B (99.998%, Sigma Aldrich), Super P ®kA, Z18]3l

_10_



[0069]

[0070]

SS90l 10-1719048

PYDF v}QIHE 60:30:10 Hl&= 4o wev. = "AHE Sejgls &Fvw JdA0d 98 o= s
el IR, F6dk BE 8 A58 50 CTolA 24A%F Bk Ar 30l Axd F 50 T ¥ E249)

S
Z3th, AzxE AFe gA3 AE (MTI, 15mm diameter)® Ae3ic),

2

o

Battery tests (AA] A% HAE)

HE5-3 AAE FEF 4kl ot 2948 WA fA AeL ofEo] AP FHHE whA QoA £ ¥
Ak, FAE (R 2032, MTDAAE 2lF 345& 9502, A ZZzzdd 229 (Celgard 2400), 17
3 3 S A wHELY. AA ASEL IM lithium bis (trifluoromethane)sulfonamide (LiTFSI,

98.0%, TCI) z&]aL 0.2M lithium nitrate (99.999%, Alfa Aesar)E HEZdd ZgZ tholwd oA
(TEGDME, sigma Aldrich) =Zg]ar 1,3-t}o] =£&29l (DIOX, 99.8%, Sigma Aldrich) (33:67 F-3]%) &3 &rjjoj
woja FH|E. 2lE-F dAA9 AAF F/0E AFe 1.7-2.7V AlelolA mE] AW AF HLEZ battery
cycler (WBCS300, Wonatech)& AM&alA &k, 3 =9 3 AFAY 42 1.7-2.7V 1 HL oA
st 2~ £E2 AP,

_11_
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TTCA co-crystal, 25°C

Porous TTCA, 160 °C S-TTCA, 245°C

TTCA-I (DMF/water)

TTCA-II (acetone)
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Intensity (a.u)

= Porous TTCA-l

360 400 440 480 520

Intensity (a.u.)
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Binding Energy (eV)

Weight (%)
2. 2.8, 9.8

o

Temperature (°C)
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Voltage (V)

(b)

Specific Capacity (mAh/g)
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2.4

2.2

2.0

1.8+

s-C
(1st) §
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— 10th
—20th
——50th

— 100th

0

200 400 600 800

1000 1200
Specific Capacity (mAh/g)

1600
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e
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o
1

1200 4

—
o
(=1
o
1

800

6004 GE

400+
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o
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Coulombic Efficiency (%)

20 40 60
Cycle Number
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k1
N2
©

|
| ]
k/\N.A_IIUL/\___,,.rJA-_ TTCA-I (245 °C)

TTCA-I (160 °C)
10 15 20 25 30 35 40 45
20 (degree)

EH]10
26
24
=
Q 22
B __
>D 20 N N ~-::\- : S-TTCA-I
;R
S-TTCAAI |
184 v
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0 200 400 600 800 1000 1200
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1200
1000 g
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600 40
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