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1. Materials and instrumentation

Materials

Sulfur (Ss, sublimed, = 99.5%, Sigma-Aldrich), 1,3-Diisopropenylbenzene
(DIB, >97.0%, Shanghai Aladdin Biochemical Technology Co. Ltd., China), Ethylene
glycol dimethacrylate (EGDMA, >95.0%, Aldrich), Acrylamide (AA, >99.0%,
Energyseal, Sigma-Aldrich), Trimethylolpropane triacrylate, (TMPTA,>95%, Sigma-
Aldrich), 1,3,5-triacryloylhexahydro-1,3,5-triazine (TAT 99.0%, Energyseal, Sigma-
Aldrich), Benzyl Methacrylate (PBzMA, 98.0%, Aldrich ), (STEGMA, 97.0%,
Macklin ), Butyl Methacrylate (BMA, AR, = 99.0% (GC), Energyseal, Sigma-
Aldrich), N,N'-methylene diacrylamide (MBA, 99.0%, Energyseal, Sigma-Aldrich),
Styrene (St, 99.5%, stabilized with TBC, Energyseal, Sigma-Aldrich), Polyethylene
glycol diacrylate (PEG, M.W.200, Energyseal, Sigma-Aldrich), 1,3-
Diisopropenylbenzene (DIB, >97.0%, Aladdin), Myrcene (Mye, >90.0%, Aladdin),
1,3-Divinylbenzene (DVB, >80.0%, Aldrich), 1-Octene (1-OC, 98%,Aladdin),
Tetrabutylammonium fluoride (TBAF, 1.0mol/L in THF, Energyseal, Sigma-Aldrich),
Tetrabutylammonium fluoride trihydrate (TBAF, 98%, Energyseal, Sigma-Aldrich),
Tetrabutylammonium bromide (TBABr, 99%, Energyseal, Sigma-Aldrich),
Tetrabutylammonium  iodide (TBAI, 98%, Energyseal, Sigma-Aldrich),
Tetrabutylammonium chloride (TBACI, 98%, Energyseal, Sigma-Aldrich), Potassium
fluoride (KF, anhydrous, 99%, Energyseal, Sigma-Aldrich), Caesium fluoride (CsF,
99.5%(metals basis), Energyseal, Sigma-Aldrich), Sodium fluoride (NaF, 98%,
Energyseal, Sigma-Aldrich), Chloroform-d (CDCl;, 99.8 atom%D, stab.mit Ag,
cont.0.03V/V% TMS, Ningbo Cuiying Chemical Technology Co., Ltd),
Tetrahydrofuran (THF, 99.5%, Extra Dry, with molecular sieves, stabilized with BHT,
Water<50ppm (by K.F.), Energyseal, Sigma-Aldrich).

Instrumentation

Nuclear Magnetic Resonance (NMR, Varian Mercury Plus 400 and Agilent DD2-600
MHz, USA) provides detailed information about molecular structure and chemical

reactions processes. Fourier-Transform Infrared (FT-IR, Digilab FTS-3000, USA)
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spectra exhibit the changes in chemical bonds before and after polymerization.
Differential Scanning Calorimetry (DSC, TAQ2000, USA) was conducted at constant
heating and cooling rates of 5 °C min™' under N, atmosphere in the range from -50 °C
to 150 °C. Thermogravimetric Analysis (TGA, Mettler Toledo TGA/DSC1, Switzerland)
was performed in a N> flow from 25 to 800 °C at a rate of 10 °C min'. X-ray
photoelectron spectroscopy (XPS, Thermo ESCALAB 250XI). Gel permeation
chromatography (GPC, PL-GPC50, USA). HPLC grade N, N-dimethylformamide
(DMF) was used as an eluent at a flow rate of 1 mL/min. The number-average molecular
weight and polydispersity (Mw/Mn) data are reported relative to polystyrene standards.
XPS was performed using a Thermo ESCALAB with a monochromatic Al Ka X-ray
source having an energy of 1486.6 eV. Powder X-ray Diffraction (PXRD, Rigaku
D/Max-2200PC, Japan) patterns of Ss, polymers and composites were characterized
using Cu Ko radiation (A\=1.5418 A) at 40 kV, 100 mA, scanning range was from 5° to
80°. Uvisel plus Elliptical polarization spectroscopy is a non-destructive and non-
contact optical measurement technology. Based on measuring the change in
polarization state of linearly polarized light after reflection by a film sample, the
thickness and optical properties of the film, interface and surface roughness layer are
obtained through model fitting. Set the wavelength range to 500-1600 nm, and take 4
points in this range to test the refractive index, such as 600 nm, 800 nm, 1100 nm, and
1500 nm.

Pb(OAc): test paper was used to detect H2S under different reaction conditions.

2. Experimental section

a. General procedure for TBAF-catalyzed 1V polymerization for synthesizing sulfur

polymers at r.t.

To a 20 mL glass vial with magnetic stir bar was added sulfur (Ss, 200 mg, 0.78
mmol) and added TBAF (5%, 20 mg), after sealing it, three consecutive argon
replacements were performed. EGDMA (200 mg) and THF (0.5 mL, 6.15 mmol) was
then added to the straight tube via syringe. The reaction mixture was stirred at room
temperature (r.t.) until the reaction mixture caused the stirrer bar to cease motion (2-18
h) to obtain the crude product. The crude product was subsequently placed in a 60 °C
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oven for drying, removed for yield calculation and characterized by FTIR, NMR and
XRD. Alternatively, the crude product was washed with CS>. H>O. EtOH and dried
to give the desired P(S-EGDMA) for further instrumentations. Other IV polymers were
prepared according to the above method by using crosslinkers, such as MBA, TMPTA,
STEGMA, AA, TAT, PBzZMA, BMA, and PEG.

b. General procedure for the preparation of Poly(S-EGDMA-MBA) with 50-wt%
EGDMA and 50-wt% MBA.

To a 20 mL glass vial with magnetic stir bar was added sulfur (Sg, 200 mg, 0.78
mmol) and added TBAF (5%, 30 mg), after sealing it, three consecutive argon
replacements were performed. Ethylene glycol dimethacrylate (EGDMA, 200 mg, 1.01
mmol) and N,N'-methylene diacrylamide (MBA, 200 mg, 1.30 mmol) and THF (0.5
mL, 6.15 mmol) was then added immediately to the straight tube via syringe. The
reaction mixture was stirred at room temperature (r.t.) until the reaction mixture caused
the stirrer bar to cease motion (18 h). The product was then taken directly from the vial
to obtain the crude product. It was subsequently placed in a 60°C oven for drying,
removed for yield calculation and characterized by FTIR, NMR and XRD. Alternatively,
the crude product was washed with CS2. H,O. EtOH and dried to give the desired P(S-
EGDMA-MBA) for further property characterization, including DSC, TG, Index, GPC

and UV resistance.

c. General procedure for TBAF-catalyzed IV polymerization for synthesizing sulfur

polymers at 80°C.

To a 20 mL glass vial with magnetic stir bar was added sulfur (Ss, 200 mg, 0.78
mmol) and added TBAF (5%, 20 mg), after sealing it, three consecutive argon
replacements were performed. DIB (200 mg) and THF (0.5 mL, 6.15 mmol) was then
added to the straight tube via syringe. The reaction mixture was stirred at 80°C until the
reaction mixture caused the stirrer bar to cease motion (2-18 h) to obtain the crude
product. The crude product was subsequently placed in a 60 °C oven for drying,
removed for yield calculation and characterized by FTIR, NMR and XRD. Alternatively,
the crude product was washed with CS2. H2O. EtOH and dried to give the desired P(S-
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DIB) for further instrumentations. Other IV polymers were prepared according to the

above method by using crosslinkers, such as DVB, St, MYE and 1-OC.

Preparation of poly(S-EGDMA-MBA) films
Poly(S-EGDMA-MBA) films were prepared by a tablet press and pressing (10

MPa) at 25 °C for 2 min. Broken pieces of poly(Ss-EGDMA-MBA) films were gathered

and reprocessed to the original form using the same procedure.

3. Screening of catalysts for inverse vulcanization of sulfur and

EGDMA

Table S1 Screening of conditions for inverse vulcanization of sulfur with EGDMA?

s s—s\s T rt ° 0 s}”l
I I + O\/\O —_— o~
SN o s °
- o :
EGDMA

Sulfur .
Entry Catalyst Solvent Yield(%)
1 TBAF THF 89
2 TBACI THF --b
3 TBAI THF --b
4 TBABr THF --b
5 CsF THF --b
6 NaF THF --b
7 KF THF --b
8 TBAF MeCN --b
9 TBAF CHCI; --b

a The reaction was at r.t. for 12 h, with stirring. Weight ratio of cross-linker (EGDMA, 200 mg) and
sulfur (200 mg) of 1:1 and 5 wt% catalyst loading.
b no polymers were obtained under any of the other conditions.
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Chemical Shift (ppm) f1(ppm)

Fig. S1 (a) '"H NMR (400 MHz) and (b) "’F NMR spectrum comparison of 0 min.
60 min. 120 min in CDCl; at 25 °C.

4. FTIR spectrum of polymer (Figs. S2-516)

W
P(S-EGDMA)-precipitated solid
C-S\

P(S-EGDMA)-bbttom solid

—

Transmittedance (a.u.)

T T L] 1 L] T T
4000 3500 3000 2500 2000 1500 1000 500
Wa\.renumber(c:m"I )

Fig. S2 FTIR spectrum of poly(S-EGDMA) catalyzed by TBAF.

Compared with the pristine EGDMA, the poly(S-EGDMA) shows that the peaks
3025 and 1639 cm™ bands attributed to =C-H and =CH, are disappered. Poly(S-
EGDMA) and the new peak at 746 cm™ is attributed to C-S, which shows that poly(S-
EGDMA) have been successfully prepared. Through the experiment we observed that
the reaction process will appear in the glass tube wall yellow transparent material,
through the FTIR, the wall and the bottom of the tube appeared the product FTIR
spectrum is consistent.
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Fig. S3  FTIR spectrum of poly(S-MBA) catalyzed by TBAF.

Compared with the pristine MBA, the poly(S-MBA) shows that the peaks 3061
and 1627 cm™! bands attributed to =C-H and =CH: are disappered. Poly(S-MBA) and
the new peak at 608 cm™ is attributed to C-S, which shows that poly(S-MBA) have
been successfully prepared.

P(S-ESDMA-MBA)

EGDMA

Transmittedance(a.u.)

MBA

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. S4 FTIR spectrum of poly(S-EGDMA-MBA) catalyzed by TBAF.

Compared with the pristine EGDMA and MBA, the poly(S-EGDMA-MBA)
shows that the peaks 3025, 3061 and 1639 cm™!,1627 cm™! bands attributed to =C-H and
=CH, are disappered. Poly(S-EGDMA-MBA) and the new peak at 617 cm? is
attributed to C-S, which shows that poly(S-EGDMA-MBA) have been successfully
prepared.
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Fig. S5 FTIR spectrum of poly(S-AA) catalyzed by TBAF.

Compared with the pristine AA, the poly(S-AA) shows that the peaks 2964 and
1612 cm! bands attributed to =C-H and =CHa are disappered. Poly(S-AA) and the new
peak at 609 cm? is attributed to C-S, which shows that poly(S-AA) have been
successfully prepared.

P(S-TMPTA)

TMPTA

Transmittedance (a.u.)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. S6 FTIR spectrum of poly(S-TMPTA) catalyzed by TBAF.

Compared with the pristine TMPTA, the poly(S-TMPTA) shows that the peaks
2970 and 1635 cm™! bands attributed to =C-H and =CH are disappered. Poly(S-TMPTA)
and the new peak at 732 cm! is attributed to C-S, which shows that poly(S-TMPTA)

have been successfully prepare.
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Fig. S7 FTIR spectrum of poly(S-TAT) catalyzed by TBAF.

Compared with the pristine TAT, the poly(S-TAT) shows that the peaks 2956 and
1616 cm! bands attributed to =C-H and =CH are disappered. Poly(S-TAT) and the new
peak at 731 cm is attributed to C-S, which shows that poly(S-TAT) have been

successfully prepared.

P(S-PBzMA)

Transmittedance (a.u.)

C-S 609cm-1 |'
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. S8 FTIR spectrum of poly(S-PBzMA) catalyzed by TBAF.

Compared with the pristine PBZMA, the poly(S-PBzMA) shows that the peaks
2964 and 1635 cm™! bands attributed to =C-H and =CH} are disappered. Poly(S-PBzMA)
and the new peak at 609 cm™ is attributed to C-S, which shows that poly(S-PBzMA)
have been successfully prepared.
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Fig. S9 FTIR spectrum of poly(S-STEGMA) catalyzed by TBAF.

Compared with the pristine STEGMA, the poly(S-STEGMA) shows that the peaks
2954 and 1637 cm’! bands attributed to =C-H and =CH, are disappered. Poly(S-
STEGMA) and the new peak at 692 cm! is attributed to C-S, which shows that poly(S-
STEGMA) have been successfully prepared.

Transmittedance (a.u.)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. S10 FTIR spectrum of poly(S-PEG) catalyzed by TBAF.

Compared with the pristine PEG, the poly(S-PEG) shows that the peaks 2954 and
1631 cm! bands attributed to =C-H and =CH, are disappered. Poly(S-PEG) and the
new peak at 742 cm™! is attributed to C-S, which shows that poly(S-PEG) have been
successfully prepared.
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P(S-DIB)-135°C
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4000 3500 3000 2500 2000 1500 1000 500
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Fig. S11  FTIR spectrum of poly(S-DIB) catalyzed by TBAF.

Compared with the pristine DIB, the poly(S-DIB) shows that the peaks 3088 and
1629 cm™! bands attributed to =C-H and =CH are disappered. Poly(S-DIB) and the new
peak at 1014 cm™ is attributed to C-S, which shows that poly(S-DIB) have been
successfully prepared.

P(S-DVB)-80

DVB

Transmittedance(a.u.)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Fig. S12  FTIR spectrum of poly(S-DVB) catalyzed by TBAF.

Compared with the pristine DVB, the poly(S-DVB) shows that the peaks 3080 and
1629 cm! bands attributed to =C-H and =CH, are disappered. Poly(S-DVB) and the
new peak at 725 cm’! is attributed to C-S, which shows that poly(S-DVB) have been
successfully prepared.
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4000 3500 3000 2500 2000 1500 1000 500
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Fig. S13  FTIR spectrum of poly(S-MYE) catalyzed by TBAF.

Compared with the pristine MYE, the poly(S-MYE) shows that the peaks 3089
and 1595 cm™! bands attributed to =C-H and =CH, are disappered. Poly(S-MYE) and
the new peak at 607 cm! is attributed to C-S, which shows that poly(S-MYE) have
been successfully prepared.

P(S-1-Oc)-80°C

Transmittedance (a.u.)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. S14 FTIR spectrum of poly(S-1-OC) catalyzed by TBAF.

Compared with the pristine 1-OC, the poly(S-1-OC) shows that the peaks 3082
and 1643 cm’! bands attributed to =C-H and =CH, are disappered. Poly(S-1-OC) and
the new peak at 601 cm! is attributed to C-S, which shows that poly(S-1-OC) have
been successfully prepared.
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P(S-5t)-80°C

Transmittedance (a.u.)
7]

4000 3500 3000 2500 2000 1500 1000 500
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Fig. S15 FTIR spectrum of poly(S-St) catalyzed by TBAF.

Compared with the pristine St, the poly(S-St) shows that the peaks 3084 and 1631
cm’! bands attributed to =C-H and =CH: are disappered. Poly(S-St) and the new peak
at 609 cm™! is attributed to C-S, which shows that poly(S-St) have been successfully
prepared.

P(S-EGDMA)-135C

VP(S-EGDMA)—BO'C

P(S-EGDMA)-25T

Transmittedance(a.u.)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Fig. S16 FTIR spectrum of poly(S-EGDMA) catalyzed by TBAF.

Compared with the pristine EGDMA, the poly(S-EGDMA) shows that the peaks
3025 and 1639 cm™ bands attributed to =C-H and =CH, are disappered. Poly(S-
EGDMA) and the new peak at 709 cm™ is attributed to C-S, which shows that poly(S-
EGDMA) have been successfully prepared.
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5. H-NMR spectra of polymer (Figs. S16-S27)

P(S-EGDMA)

Cc=C

Wl

Normalized

EGDMA | ]

10

8 6 4

2 0 -2

Chemical Shift (ppm)

Fig. S17 '"H-NMR spectra of EGDMA and the reaction system after introduction
of TBAF and THF into EGDMA for 8 h at room temperature (r.t.) After 12 h of reaction,
the polymer obtained was difficult to dissolve due to its high degree of cross-linking,

so the viscous polymer obtained at 8 h was selected for 'TH NMR detection. Selection
of CDCl; solvated polymers for 'H NMR testing.

C=C\
°
1
g P(S-TMPTA)
]
=
[ o
TMPTA
W 8 6 4 2 0 -2
Chemical Shift (ppm)

Fig. S18 'H-NMR spectra of TMPTA and the reaction system after introduction
of TBAF and THF into TMPTA for 1 h at r.t. Selection of CDCI5 solvated polymers for

'"H NMR testing.
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Fig. S19 'H-NMR spectra of STEGMA and the reaction system after

introduction of TBAF and THF into STEGMA for 12 h at r.t. Selection of CDCl3
solvated polymers for 'H NMR testing.

P(S-PEG) | \
c=cC
PEG(Mw: 200) l

10 8 6 4 2 0
Chemical Shift (ppm)

Normalized

Fig. S20 'H-NMR spectra of PEG and the reaction system after introduction of

TBAF and THF into PEG for 18 h at r.t. Selection of CDCI; solvated polymers for 'H
NMR testing.
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Fig. S21 'H-NMR spectra of BMA and the reaction system after introduction of
TBAF and THF into BMA for 18 h at r.t. Selection of CDCl; solvated polymers for 'H

NMR testing.
T -
N c=C
: s [
S
Ll
BA '
0 8 6 4 2 0 -2
Chemical Shift (ppm)
Fig. S22 'H-NMR spectra of BA and the reaction system after introduction of

TBAF and THF into BA for 18 h at r.t. Selection of CDCls solvated polymers for 'H
NMR testing.
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Fig. S23 'H-NMR spectra of DIB and the reaction system after introduction of

TBAF and THF into DIB for 18 h at 80 °C. Selection of CDCl3 solvated polymers for
'"H NMR testing.

P(S-DVB)- 1]3510

P(S-DVB)-80C_A

|I| ]

10 8 6 4 2 0 -2
Chemical Shift(ppm)

Normalized

Fig. S24 'H-NMR spectra of DVB and the reaction system after introduction of

TBAF and THF into DVB for 12 h at 80 °C. Selection of CDClI3 solvated polymers for
"H NMR testing.
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Fig. S25 'H-NMR spectra of MYE and the reaction system after introduction of
TBAF and THF into MYE for 12 h at 80 °C. Selection of CDCl3 solvated polymers for
'"H NMR testing.

P(S-51)-135 T WA ...dh |
o o '
[+]
N
]
£
5 P(S-St)-80°C
=

St ll || L L
10 8 6 4 2 0 -2

Chemical Shift(ppm)

Fig. S26 'H-NMR spectra of St and the reaction system after introduction of
TBAF and THF into St for 12 h at 80 °C. Selection of CDClI; solvated polymers for 'H
NMR testing.
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Fig. S27 'H-NMR spectra of 1-OC and the reaction system after introduction of

TBAF and THF into 1-OC for 12 h at 80 °C. Selection of CDCl3 solvated polymers for
"H NMR testing.

P(S-EGDMA)-80°C

P(S-EGDMA)-25C, ,

Normalized

EGDMA | |

10 8 6 4 2 0 -2
Chemical Shift(ppm)

Fig. S28 'H-NMR spectra of EGDMA and the reaction system after introduction
of TBAF and THF into EGDMA for 12 h at 80 °C. Selection of CDCI3 solvated
polymers for 'H NMR testing.

6. Preparation of copolymer P(S-EGDMAyY-MBAZz) and its

properties
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Fig. S29 P(S-EGDMA-MBA) obtained with different material ratios

After reacting the polymers at different material ratios for different periods of time,
the polymers take on a transparent state that can be used to make optical lens materials
by compression moulding. This is the picture after polymerization.

7. Structural characterization of P(S-EGDMA-MBA)

C-i\ —— P(S-EGDMA-MBA)
S-S Fully consumed C=C
500 1000 1500 2000
Wavenumber(cm'1)

Fig. S30 Raman spectrum of poly(S-EGDMA-MBA).

The structure of the product was analyzed by Raman revealing that the
symmetric/asymmetric stretching vibration at 495-525 cm™! corresponds to S-S bonding,
while the symmetric/asymmetric stretching vibration at 871-921 cm™ is attributed to C-
S bonding. The absence of absorption peaks at 1548-1610 cm™ indicates the formation
of sulfur adducts with an unsaturated double bond in the olefin, thereby confirming the
successful preparation of the polymer.

S21



P(S-EGDMA-MBA) s-s\Aly ,

466gm™" |
e C-
p 623cm!
= | EcDmA c=c
2>
{7 1635,1624cm™ 1 }
8
=
MBA

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. S31 FTIR spectrum of EGDMA, MBA and poly(S-EGDMA-MBA).

Fourier Transform Infrared Spectroscopy (FTIR) further confirmed the presence
of stretching vibrations of S-S bond at 466 cm™ and C-S bond at 623 cm™'. Additionally,
the disappearance of C=C peaks at 1624 cm™ and 1635 cm™! provided further evidence
of the successful preparation of the copolymer. The conjugation effect of amide in MBA
causes the C=0 peak to exhibit characteristics of a partial single bond, resulting in a
shift to a lower wave number, potentially nearing the absorption peak of unsaturated
C=C in MBA.

WM_.‘L“ P(S 500 EGDMA 1, MBA . )

P(S 40, EGDMA; 0o -MBAg )

PIS 4o, EGDMA 45, -MBAG o)

(026) 25.9°
P(S500,"EGDMAgy, -MBAzq, )
040) 27.9°

W Py N TOPTN , Sulfur

10 20 30 40 50 60 70 80
20/ degrees

Fig. S32 XRD patterns of poly(Sx-EGDMA-MBA) and Ss.

The results of X-ray diffraction (XRD) measurements indicate the presence of
distinct Bragg reflections, Sg at 23.2° in the (222) plane, 25.96° in the (026) plane, and
27.9° in the (040) plane. Conversely, the absence of characteristic diffraction peaks of
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Sg in poly(S-EGDMA-MBA) suggests the absence of residual elemental sulfur in the
copolymer, indicating an amorphous structure.

Cis

O1s

Nis s2p

Intensity(a.u.)

S2s

600 500 400 300 200 100
Bind energy(eV)

Fig. S33  XPS survey scan of poly(S-EGDMA-MBA).

X-ray photoemission spectroscopy (XPS) is utilized to reveal the bonding modes
of various chemical bonds in polymers. The full XPS spectrum can detect Cls, Ols,
S2p, S2s, Fls, and N1s orbitals.

C1is

c-C

C-S

Intensity(a.u.)

292 290 288 286 284 282 280
Bind energy(eV)

Fig. S34 C 1s XPS of poly(S-EGDMA-MBA)

Its deconvoluted peaks featured for C—0O, C-S, C=0, and C—C. High-resolution

Cls displays distinct peaks for C-C bonds at 284.2 eV, C-S bonds at 285.33 eV, C-O
bonds at 287.2 eV, and C=0 bonds at 288.2 eV.
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Fig. S35 O 1s XPS of poly(S-EGDMA-MBA)

Its deconvoluted peaks featured for C — O, C=0, and S=O. Similarly, high-

resolution O1s exhibits peaks for C-O at 250.2 eV, C=0 at 532.8 eV, and C-O at 520.0
eV.

S2p

S-S5

Intensity(a.u.)

oxidized

174 172 170 168 166 164 162 160 158
Bind energy(eV)

Fig. S36 S 2p XPS of poly(S-EGDMA-MBA)

Its deconvoluted peaks featured for C—S, S-S, S*" and oxidized S. The high-

resolution S2p reveals peaks for C-S bonds at 162.8 eV, S-S bonds at 164.0 eV, sulfur
oxides at 166.6 and 167.8 eV, and S* at 160.5 eV.
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F1s

P(S-EGDMA-MBA)
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TBA'F
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Binding Energy / eV

Fig. S37 F 1s XPS of poly(S-EGDMA-MBA)

Comparison of high-resolution Fls between TBAF and the polymer shows the
bonding mode of only one of the F in TBAF suggests that F~ is not involved in the
reaction and only acts as a source of F for nucleophilic attack to open the Ss.

N1s

C-N

Intensity(a.u.)

N-H

406 404 402 400 398 396
Binding Energy(eV)

Fig. S38 N Is XPS of poly(S-EGDMA-MBA)

Its deconvoluted peaks featured for N-H and C-N. High-resolution Nls
demonstrates N bonding in N-H and C-N modes. These results demonstrate the
successful synthesis of crosslinked copolymers of Sg with olefins.
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Fig. S39 FTIR spectrum of poly(S40%-EGDMA40%-MBAs0%).

—— P(S;,-EGDMA,,. -MBA;,,)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm'1)

Fig. S40 FTIR spectrum of pOly(Sso%-EGDMAso%-MBAso%).
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Fig. S41 FTIR spectrum of poly(S40%-EGDMAs50%-MBA50%).
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Fig. S42 FTIR spectrum of poly(S40%-EGDMAgo-MBA 10%).
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Fig. S43 FTIR spectrum of poly(S40%-EGDMA709%-MBA30%).
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Fig. S44 TGA curves OfpOly(S50%-EGDMA50%-MBA50%).
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Fig. S45 TGA curves of poly(S40%-EGDMA40%-MBAs0%).
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Fig. S46 TGA curves OfpOly(S40%-EGDMA70%-MBA3o%).
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Fig. S47 TGA curves of poly(S40%-EGDMAgy%-MBA 10%).
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Fig. S48 TGA curves OfpOly(S40%-EGDMA50%-MBAso%).
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8. Polymer Solubility Testing

Fig. S49 Solubility determination of poly(S-EGDMA-MBA).

The picture taken within a few minutes after solvents (1.5 mL) were added into
the vial contained polymers (5 mg). The results showed that the obtained poly(S-
EGDMA-MBA) with r.t. almost have no colour change in all the tested solvents,
whereas slightly colour change can be observed with polymers obtained with r.t. in
DCM, and completely soluble in DMF. Significant colour change, indicated that the
material has high solubility in DMF.

100

90 1

80 -

70 4

Transmission(%)

- P(S40%'EGDMA4D%'MBAGO%)‘

60

50 T T L] T L] L] T
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Fig. S50 Average IR transmission spectra of poly(S40%-EGDMA40%-MBAso%).
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Fig. S51 Average IR transmission spectra of poly(S40%-EGDMAs0%-MBA509%).

100

‘_ P(S405,-EGDMA,,-MBA )

90 -

80

70

Transmission(%)

60

50 L] T L] T L] L] T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm'1)

Fig. S52 Average IR transmission spectra of poly(S40%-EGDMAgo,-MBA 10%).
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Fig. S53 Average IR transmission spectra of poly(S40%-EGDMAogov-MBA 10%).
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Fig. S54 Average IR transmission spectra of poly(S40%-EGDMAgo,-MBA 10%).
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Fig. S55 UV-vis transmittance spectra of poly(Ss0%-EGDMAs0%-MBAs0).
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Fig. S56 UV-vis transmittance spectra of poly(S0,-EGDMAs500,-MBA500).
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Fig. S57 UV-vis transmittance spectra of poly(Ss0%-EGDMAso%-MBAgo).
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Fig. S58 UV-vis transmittance spectra of poly(S00,-EGDM A40,-MBAso).
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T (%)
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Fig. S59 Stability testing. (a) FTIR of the A (red):P(S33%-EGDMA33%-MBA33%), B
(blue): P(S330-EGDMA33%-MBA33%,) and C (green): P(S33%-EGDMA33%-MBA339,)
stirring the materials overnight in HCI and NaOH after 6 months of storage, (b) XRD
of the P(S33%-EGDMA33%-MBA339) after 6 months of storage.

9. The picture of Poly(S-EGDMA-MBA) polymers with different

material ratios.

53733

4:7:3

5:6:6

Fig. S60 The pictures of Poly(S-EGDMA-MBA) polymers with different material

S36



ratios.

10. Pictures of solid products obtained with different crosslinking

agents.

p(s EGDMA) P(S-EGDMA)

‘(S TAT)

Fig. S61 Pictures of solid products obtained with different crosslinking agents.

Picture a is the product obtained from the tube wall during the reaction of poly(S-
EGDMA). Where c, d, and e are obtained by verifying the THF dosage, respectively,
the THF dosage was 0.3 mL for the ¢ picture, 0.6 mL for the d picture, and 0.9 mL for
the e picture.
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11. Gel permeation chromatography (GPC) of different polymers
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Fig. S62 GPC curve of poly(S-AA) prepared at r.t. 5 mg of polymer dissolved
in 1 mL DMF and the mixture was ultrasonic for 1 h before filtrated by syringe with a

filtration head (0.22 pm).
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Fig. S63 GPC curve of poly(S-BMA) prepared at r.t. 5 mg of polymer dissolved
in 1 mL DMF and the mixture was ultrasonic for 1 h before filtrated by syringe with a

filtration head (0.22 pm).
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Fig. S64 GPC curve of poly(S-DIB) prepared at 80 °C. 5 mg of polymer
dissolved in 1 mL DMF and the mixture was ultrasonic for 1 h before filtrated by
syringe with a filtration head (0.22 pm).
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Fig. S65 GPC curve of poly(S-EGDMA-MBA) prepared at r.t. 5 mg of polymer
dissolved in 1 mL DMF and the mixture was ultrasonic for 1 h before filtrated by
syringe with a filtration head (0.22 um).
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Fig. S66 GPC curve of poly(S-MBA) prepared at r.t. 5 mg of polymer dissolved
in 1 mL DMF and the mixture was ultrasonic for 1 h before filtrated by syringe with a
filtration head (0.22 um).
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Fig. S67 GPC curve of poly(S-STEGMA) prepared at r.t. 5 mg of polymer
dissolved in 1 mL DMF and the mixture was ultrasonic for 1 h before filtrated by
syringe with a filtration head (0.22 um).
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curve of poly(S-TMPTA) prepared at r.t. 5 mg of polymer

dissolved in 1 mL DMF and the mixture was ultrasonic for 1 h before filtrated by
syringe with a filtration head (0.22 pm).
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Fig. S69 GPC curve of poly(S-DVB) prepared under 80 °C. 5 mg of polymer
dissolved in 1 mL DMF and the mixture was ultrasonic for 1 h before filtrated by

syringe with a filtration

head (0.22 um).
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Table S2. Screening of solvents for inverse vulcanization of sulfur with EGDMA
Entry Solvent Yield (%)
1 1,4-dioxane --
DCM -
Toluene -
DMSO --
MeOH --
MeCN --
CHCI; --
2-methylfuran 71
2-ethyl furan 83
dihydropyran 80
11 tetrahydropyran 87
The reaction was at room temperature for 12 h, with stirring. Weight ratio of cross-
linker (EGDMA, 300 mg) and sulfur (300 mg) of 1:1 and 5 wt% catalyst loading.

© 00 N O Ol WD

[EY
o

Table S3  Screening of THF dosage of Sg with EGDMA.*

Entry THF (mL) Yield (%)
1 0.3 82
2 0.6 75
3 0.9 80
4 1.2 -
5 1.5 --
6 1.8 --

a The reaction was performed with an Sg to EGDMA weight ratio of 1:1, using TBAF as the catalyst,

and a reaction time of 12 hours.

Table S4 Summary of catalytic inverse vulcanization of elemental sulfur with
EGDMA crosslinker under different content of TBAF.?

Catalyst Reaction Temp ('C)  Virtification Time® Color
I wt% r.t. --¢ --
Swt% r.t. 12h Yellow solid
1eq r.t. 2h Yellow solid

a Performed with 1:1 weight ratio of S and EGDMA. b Time passed until the magnetic stirring

bar stops rotating. ¢ No polymer production was observed within 48 h.

Table SS  Anionic copolymerization of Sg with EGDMA. MBA.?

Entry Ss (%) EGDMA (%) MBA (%) Yield (%)
S42




1 40 50 50 >99

2 50 50 50 >99
3 40 40 60 >99
4 50 60 40 >99
5 40 70 30 >99
6 50 70 30 >99
7 40 90 10 >99

a The reaction was conducted at room temperature using TBAF as the catalyst, with a reaction
duration of 18 hours.

Table S6  Anionic copolymerization of Sg with different vinyl monomers.

Entry Crosslinker® Vitrificat  Conv Observation Yield My
ion Time (%)® (%)° (g/mol)¢

1 EGDMA 12 >99 Dark brown solid 89 --
2 MBA 18 >99 Brown -yellow solid 84 9400
3 AA 18 >99 Dark solid 51 9768
4 TMPTA 18 >99 Yellow solid 58 6376
5 TAT 2 >99 Brown solid 74 --
6 PBzMA 12 >99 Brown viscous material -- --
7 STEGMA 18 >99 Red-black solid 73 5056
8 BMA 18 >99 Brown viscous material -- 10530
9 PEG 18 >99 Black viscous material -- ---
10 DIB 18 >99 Dark solid 57 2627
11 DVB 12 >99 Dark solid 74 14949
12 St 12 >99 Black viscous material -- --
13 MYE 12 >99 Black viscous material -- --
14 1-0OC 12 >99 Black viscous material -- --

Reaction condition: polymerization initiated by TBAF in THF solution at room temperature; a
Material ratios of Sg : monomers = 1:1. b Conversion of crosslinkers determined by 'H-NMR;
¢ Yield after polymerization is obtained by weighing the mass of polymer, due to the low degree
of cross-linking of some cross-linking agents after polymerization with Sg, the polymer obtained
is sticky and therefore it is not possible to weigh the polymerization to obtain the yield after
polymerization; d My, obtained by GPC.
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12. Computational details

All the calculations were performed using the Gaussian 09 programs'. All of the
structures were fully optimized with the M06-2X? method and 6-31+G** basis set>* at
298.15K in gas phase.

MO06-2X absolute calculation energies (Hartree)

Geometry G (M06-2x/6-31+G**)
EGDMA -3185.2760
Sg -689.9313
F anion -99.8252
Ssk -3285.1680
Anion-SsF-EGDMA -5350.2693
Anion-SsF-EGDMA+EGDMA -4664.9926
Anion-SsF-EGDMA-EGDMA(P) -4665.0035
Anion-SsF-EGDMA+Ss -7160.3643
Anion-SgsF-EGDMA-Ss(P) -7160.3764
Cartesian coordinates
M062x/6-31+G** geometries for all the optimized compounds
EGDMA
(0] -1.76908300 -0.26049500 -0.00017000
C -0.56378300 0.50497700 -0.00020100
H -0.52783200 1.14428000 -0.88705600
H -0.52773200 1.14422800 0.88669300
C 0.56378800 -0.50497300 -0.00023000
H 0.52774100 -1.14427200 0.88663000
H 0.52782600 -1.14423100 -0.88711800
(0] 1.76908800 0.26049600 -0.00016700
C 2.90823000 -0.45856100 0.00004400
C -2.90822800 0.45856100 -0.00002700
) 2.91599200 -1.66831000 0.00018000
(0] -2.91599300 1.66831100 0.00007600
C 4.14868000 0.37465100 0.00009200
C -4.14868000 -0.37465400 0.00006200
C -4.07658900 -1.70801800 0.00000500
H -4.98026400 -2.31007300 0.00005900
H -3.12258700 -2.22250900 -0.00010900
C 4.07658200 1.70801500 0.00006400
H 3.12257800 2.22250100 0.00002600
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